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I. InrTRODUCTION. 

Tuts paper deals with the geological structure of a part of the 
South American Andes, as illustrated by a horizontal section drawn 
from the port of Arica in the extreme north of Chile (former! 
Peruvian territory), across the mountain-ranges or ‘ Cordilleras,’ to 

Q. J. G. S. No. 277. B 
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the ‘Montafia,’ or forested region of the Amazon basin, known 
as the Bolivian Yungas. It is the partial result of two 
years’ geological exploration in Peru, undertaken on _ behalf 
of Mr. W. E. Balston, F.G.S., who, being impressed during 
his travels by the geological features of the country, was good | 
enough to send me out for the Oxford University Museum to 
study them in greater detail. I was accompanied for fifteen 
months by Mr. J. R. Thomas of Montana (U.8.A.), who, after 
his valuable help in the field, I much regret, has been unable to 
assist me further in the study and publication of our results. 

At Mr. Balston’s suggestion, we commenced work in the south of 
the district, following the route of the new Arica—La Paz railway, 
which at the time of our visit was in course of construction. 
Unfortunately, the line passes for the greater part of its length 
over igneous rocks and barren sediments, furnishing little im the 
way of paleontological evidence, and thus compares somewhat 
unfavourably with the more fossiliferous sections of our northern 
traverses. ‘This southern section, however, has a particular interest 
on account of its historical associations, since it is practically 
coincident with a section first described in 1842 by A. d’Orbigny, 
who travelled to La Paz by the old Bolivian high road from Taena. 
The same route was followed later by P. J. A. Pissis in 1856 and 
David Forbes in 1867. These authors differed somewhat widely 
in their interpretations of the section, and a summary is given in 
_Forbes’s paper, which was published in the Journal of this Society. 
Among more recent travellers who have contributed to our 
knowledge of the district are Prof. G. Steinmann, with his 
colleagues Dr. H. Hoek and Baron A. von Bistram, Prof. Hauthal, 

Sir Martin Conway, Dr. J. W. Evans, and several others. 
Local scientific men in Bolivia are now beginning to take an 
interest in the geology of the country, and much useful work is 
being done by Seftores Posnansky, Sundt, and others under the able 
leadership of Dr. Manuel V. Ballivian, Minister of Colonization and 
Agriculture. Sefor Escutti Orrego, an ardent Chilian geologist, 
has also furnished us with a number of fossils from the Morro 
de Arica, while another of his collections is preserved in the 

_ British Museum (Natural History) at South Kensington. 

Il. GenerRAL OUTLINE OF THE PHYSIOGRAPHY OF THE PERUVIAN 
AND Norru Bortvian ANDES. 

The Pacific border of this portion of the South American 
continent falls naturally into three well-defined regions, differing 
markedly in their physical and climatic conditions :— 

(i) The rainless deserts of the coastal plains. 
(ii) The mountainous district, or ‘ Sierra,’ comprising the ‘ Cordilleras ’ 

or chains of the Andes, with their intervening high-level valleys 
and plateaux. 

(iii) The thickly-forested region, or ‘ Montana,’ of the Amazon basin. 

~()—The coastal deserts, as has been clearly shown by 
Dr. G. I. Adams, in his ‘Outline Review of Peruvian Geology,’ 
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occupy three separate areas, between which the foothills are 
continued to the ocean border: namely, a northern district, 
including the plains of Trujillo and Piura; a south-central in the 
neighbourhood of Pisco; and a southern, comprising the pampas 
-of Mollendo and Taena. 

(i1i)—In Southern Peru and the district described in the present 
paper, the mountain-system of the Andes consists of two main 
chains—a western, the ‘ Cordillera Occidental,’ which is the con- 
tinuation of the main Chilan range, and an eastern, the ‘ Cordillera 
Oriental.’ Between these two lies the elevated plateau known as 
the ‘Altaplanicie,’ the site of Lake Titicaca. Northwards the 
chains unite in latitude 14°8., forming the Vilcanota knot, to 
divide again into three main, branches—recognized by Raimondi 
asa Western ‘Cordillera,’ following the general direction of the 
coast; a Central, separating the valleys of the Apurimac and 
Mantaro Rivers from that of the Urubamba or Vileamayo; and an 
Eastern separating the Urubamba from the Madre de Dios. In 
the neighbourhood of Cerro de Pasco the chains reunite to form a 
‘second mountain-knot, dividing northwards once more into three. 
Here the Western Cordillera at its southern end, where it diverges 
from the knot, splits mto two minor parallel chains, the 
‘Cordiilera Negra’ and the ‘Cordillera Blanca,’ separated by 
the valley of Huaylas. This valley at first follows the strike 
of the chains to the north-west, but in latitude 9° S. cuts the 
‘Cordillera Negra’ almost at right angles, to enter the sea in the 
Bay of Santa north of Chimbote. 

The main Central Cordillera separates the valley of the Maraiion 
from that of the Huallaga; while the Eastern separates the 
latter from the Ucayah. 

(iii)—The third region comprises the vast forested area of the 
Amazon basin, almost impenetrable save along the navigable rivers 
and the narrow trails leading to gold or rubber camps. The 
descent from the ‘Sierra’ is rapid, and the whole country soon 
becomes clothed in dense tropical vegetation. Rare open spaces, 
or pajonales, devoid of trees, enable one, however, to obtain 
occasional glimpses of the distant landscape. A great part of this 
country has been explored by Dr. J. W. Evans, who describes 
a number of small parallel chains running in a north-westerly 
direction parallel to the main ‘Cordillera.’ The first of these, 
bounding the valley of the River Coroico on the east, he has named 
the Cusali Range. 

III. Mary Torograrnican FEarurES oF THE CoUNTRY IN- 
CLUDED IN THE First Section. (ARICA TO THE BOLIVIAN 
‘Yuneas.’) (See Map, Pl. X, fig. 2.) 

Our first main traverse, the results of which are included in the 
following pages, was made through the extreme north of Chile, 
formerly Peruvian territory, and a part of Bolivia, following the 

present line of railway as far as La Paz, whence it waa. couenoed 
B2 
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over the Eastern Cordillera into the district known as the North 
Yungas. 

This railway commences at the port of Arica, which is situated 
in lat. 18° 29 S. and long. 70° 20' W., just at the point where the 
main trend of the Pacific coast-line of South America changes. 
from a north-and-south direction to north-west by south-east. 
After following the shore for a few miles, it turns inland up the 
fertile valley of the Llutah River to Poconchile (kilometre 37 ; 
altitude 1772 feet). 

From this point a steep winding ascent is made over desert foot- 
hills and the so-called ‘ Pampa Colorada’ to Central (kilom. 70 ;— 
alt. 4859 feet) ; it is continued eastwards with increasing grades. 
and a 40-kilometre stretch of rack-and-pinion line, over typical’ 
‘bad lands’ composed of numerous small and steep-sided dry rocky 
valleys or quebradas, until more or less level ground is reached 
above Huaylas (kilom. 1385; alt. 12,797 feet). We are here in the 
region of the Western Cordillera, a vast range of giant extinct. 
voleanoes which rise abruptly from the high-level plateau. 

On the south are visible the mighty peaks of Sajama (21,423: 
feet) and the Payachatas or Twins; while close at hand, separated 
from us by the deep Jamiraya gorge, through which flow the head- 
waters of the Llutah River, stands the ‘Nevada de Putre’ or 
Taapaca (19,145 feet); see Pl. I. 

Following the line past the swamps of Ancachulpa and the salt 
lake Laguna Blanca to the Bolivian frontier, we pass in close 
proximity to the southern base of Mount Tacora (19,520 feet) ; 
while Mount Chupiquifa (18,855 feet) and other high peaks are: 
seen succeeding one another in the north. 

After crossing the frontier (kilom. 205; alt. 13,3821 feet), the 
railway makes a gradual descent to the valley of the Mauri River 
(kilom. 250; alt. 12,842 feet), which is followed for some 50 miles. 

until it enters the Desaguadero at the village of Calacoto (kilom. 
316; alt. 12,485 feet). The latter river flows out. of Lake Titicaca, 
and drains southwards into Lake Poopoo, from which there is no. 
visible outlet. 

From Calacoto onwards the country is more or less broken up: 
by small parallel chains, rising to no great height when compared 
with the main ‘ Cordilleras,’ and separated one from the other by 
wide alluvial tracts, which were originally, without a doubt, the 
site of a great system of lakes: of these Lake Titicaca still in 
part survives, and furnishes us with clear evidence of its former: 
magnitude. A conspicuous landmark in this district is the Alto de 
Comanche (kilom. 364), a steep-sided mountain, which rises to a 
considerable altitude above the level of the plateau. 

Beyond Viacha (kilom. 416; alt. 12,635 feet),’ where connexion 
is made with the Huaqui & Antofagasta railway, the whole surface. 

1 Most of the altitudes in this part of the section are somewhat lower than 
those given by Forbes. They are taken from my personal observations with 
an aneroid, and from a ‘ Guide’ to Bolivia recently issued by the Government. 
See Bibliography, § VI, p. 49. 
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of the country is covered by a great sheet of alluvium, forming 
a flat unrelieved desert: this ends abruptly in the valley of 
La Paz, a mighty gorge with almost vertical sides, carved out 
of the alluvial plateau and separating it from the high peaks of the 
Eastern Cordillera, which, rising to altitudes of over 21,000 feet, 
bound it on the east. The view, from the barren plain or Alta- 
planicie, of the fertile valley, with the city of La Paz 1600 feet or 
more below, is one of unsurpassed beauty. 

From La Paz our traverse was continued eastwards up the 
valley of Chuquiagillo, renowned for its rich gold-washings. The 
road crosses the pass at Huacuyo (15,550 feet), descending 
rapidly to Pongo [36 kiloms.] and the custom-house of Unduavi 
(10,427 feet). From here, after rising over the spur of Sillutin- 
cara (11,600 feet), a descent of nearly 5000 feet in 12 miles is- 
made to Bella Vista [65 kiloms.; 6890 feet]. From Sandillani 
[69 kiloms.] the road once more descends rapidly down the winding 
Tunca Queuta (Aymara =‘ten turns’) to the River Chairo, which 
unites, with the Elena and the Yoloza to form the Coroico, 
one of the chief tributaries of the Caca. Leaving the village of 
Coroico (6530 feet) on the right, and crossing the river, one 
reaches the hacienda of Mururata a short distance farther on 
{100 kiloms.; 3390 feet]. This forms the eastern termination of 
our first section. 

For a clearer understanding of the geological features of the 
main section, it was found necessary to make a number of sub- 
sidiary journeys in this part of the country, the most important 
of which are described in the following paragraphs. 

That portion of the railway-section that lies between Huaylas 
and Poconchile (see Pl. X, fig. 2) was examined when returning to 
the coast, since on our journey inland we proceeded from the latter 
village up the branch-line to Molino, and thence continued up the 
valley of the Liutah to Jamiraya, at the western end of the 
gorge of that name; finding it impossible to proceed farther, 
owing to obliteration of the trail, we ascended the southern side 
of the valley by the cuesta’ of Cuescolla to the village of Putre, 
which lies at the foot of Mount Taapaca (PI. I). 

Recrossing the Llutah near Patapatani, we once more reached 
the railway-cuttings above Huaylas. On our return journey we 
paid a second visit to the Jamiraya gorge, descending into it by 
the cuesta of Socoroma at its deepest part above Jamiraya and 
at Ancolocalla, a few miles up river. 

This gorge at Patapatani, its upper or eastern end (Pi. IT), is 
about 250 feet deep, with vertical sides ; from here it is continued 
for a distance of some 10 miles to Jamiraya, attaining a maximum 
depth of over 6000 feet. Its sides are so steep, being often little 
short of vertical, that it is only possible to descend to the river at 
one or two places. At one time, the idea was conceived of carrying 

1 Cuesta (Spanish—‘slope’) is here used to denote a mountain-spur up 
which a steep trail is cut in a zigzag manner. 
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through it the Arica—La Paz Railway ; wherefore Mr. H. Schu- 
macher, of Tacna, the locating engineer of the line, cut a narrow 
trail, with native labour, from one end to the other, and ac- 
complished its survey for the first time. The danger and cost of 
construction, however, were found to be too great, so the scheme | 
was abandoned; and at the time of our visit landslides had almost 
obliterated the old trail, which in most places was nothing more 
than a narrow ledge cut in the vertical face of rock. 

It is now, therefore, impossible to go more than a short distance 
up or down stream from the two spots to which a descent can be 
made. One cannot but regret the loss to science of so magnificent 
a natural section ; for, the line to the north being now completed, 
no one is ever likely again to spend time or money in constructing 
another trail in so inaccessible a region. 

After visiting the Jamiraya gorge, we crossed from Poconchile 
to Tacna, and proceeded inland up the valley of Palea—tor the 
purpose of comparing our results with the section described by 
A. VOrbigny, Pissis, and Forbes. 
We may turn now to the eastern part of the main section- 

In the following year (1911) we journeyed from Puno round the 
western shores of Lake Titicaca to the Copacabana Peninsula and 
the Island of the Sun ; and thence crossing the Straits of Tiquina, 
we proceeded southwards to La Paz. 

Finally, on two separate occasions we explored the country south 
of Calacoto along the Desaguadero River, in the neighbourhood of 
Callapa and Ulloma. 

IV. GronoetcaL DESCRIPTION OF THE SECTION FROM ARICA TO 

THE Bonivran ‘Yuneas.’ (See section, Pl. X, fig. 1.) 

A most complete and detailed description of this district was 
given by David Forbes, in a oy published in 1861 on the Geology 
of Bolivia & Southern Peru'; and, as much of his work is in 
close agreement: with my ow abso I shall here confine 
myself (in order to avoid useless repetition) mainly to those points 
concerning which new results have been obtained, or where the 
interpretations of that author appear to be open to criticism. 

In dealing with a section of such magnitude, I have deemed it 
advisable to describe the formations in the order in which they are 
met with in traversing the country, but not in the actual order 
of superposition, since the main structural features seem to be 

of wider interest than the mere stratigraphical sequence, and 
my ultimate object is a comparison of a number of sections 
through the Peruvian Andes. As each formation is met with, 
however, those fossils that are of interest will be discussed in the 
paleontological notes. 

The petrographical descriptions of the microscopic rock-sections 
must only be regarded as preliminary observations; for, in the 

' See Bibliography, § VI, p. 49. 
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light of recent research on the distribution of igneous rocks, 
I have decided to make at some future date a more detailed 
study of the igneous rocks of Peru taken as a whole. 

For the purposes of description, this first or southern section 
may be conveniently divided into three parts :— 

(i) The Mesozoic sediments of the coastal region with their con- 
temporaneous igneous rocks, the intruded core of granodiorite, 
and the overlying recent volcanic deposits of the Western 
Cordillera. 

(ii) The volcanic beds of the Mauri River, the Mesozoic and Palzozoic 
rocks of the Altaplanicie and Titicaca district, the line of 
dioritic intrusions, and the Pleistocene deposits of the Des- 
aguadero River. 

(iii) The Palzeozoic rocks and granitic core of the Eastern Cordillera 
and the Amazon slopes. 

(i) The Geological Structure of the Coastal Region and 
the Western Cordillera. 

(a) The Mesozoic deposits and the contemporaneous 
igneous rocks. 

A magnificent section of stratified Mesozoic rocks is exposed 
along the whole coast of Northern Chile, the cliffs rising 
abruptly from the shore and being plainly visible from the 
coasting steamers. They terminate northwards in the Morro 
de Arica, a steep hill south of the port of that name, beyond 
which the ocean is bordered by a broad strip of coastal desert. 
This hill forms the starting-point of our first transverse section 
through the Andes. 

The bulk of the Morro is made up of volcanic rocks, with certain 
stratified beds appearing at the base and towards the summit, the 
true age of which has always been a matter of some doubt. They 
were originally coloured as Carboniferous by A. d’Orbigny,’ from 
the supposed occurrence of Productus in limestone included in 
the lava. Forbes,’ though apparently obtaining no paleontological 
evidence, classes them tentatively with the Upper Oolitic Series, 
with the following comment :— 

‘This evidence [of A. @’Orbigny ] does not appear to me sufficiently con- 
elusive to warrant its being separated from the other strata, which appear 
continuous and which are decidedly of Upper Oolitic age,—more particularly 
as we have no example of the occurrence of Carboniferous beds anywhere 
along the coast of the Pacific in South America.’ (Q.J.G.S. vol. xvii, 1861, 
p. 51.) 

Though the latter statement will be shown in a future paper to 
be incorrect, the conclusion arrived at was more or less accurate. 

Prof. E. Suess ” suggests a comparison of the Morro de Arica 
with the Cretaceous mountain-zone of Tierra del Fuego, which is 

said in places to assume a Paleozoic aspect. 
In 1909 Sefior Escutti Orrego,’ of Arica, published a short 

| See Bibliography, § VI, p. 49. 
* ‘The Face of the Earth’ Engl. transl. vol. i (1904) pt. 2, chapt. ix, p. 527. 
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pamphlet on the fossils of the Morro, and, from the supposed 
occurrence of Rhynchonella tetrahedra, assigned to these beds 
a Liassic age. In a later manuscript copy he alters his opinion, 
owing to the discovery of further evidence, and places them in the 
Oxfordian. I have to thank this author for showing me the 
fossiliferous horizons, and putting the whole of his interesting col- 
lection at my disposal. Among the specimens that he has sent me ~ 
since my return to England are a few ammonites, an examination 
of which leaves little doubt that his later determination is the 
correct one. (See p. 10.) | 

The Morro rises almost vertically along its seaward face to a 
‘height of over 450 feet, and, as its sloping sides are almost com- 
pletely covered by sand, a correct delineation of the vertical 
succession of the beds is a matter of some difficulty, although this 
is a point of minor importance as compared with the estimation 
of their age. At the base of the hill are exposed about 70 feet of 
black and olive-green shales, dipping 10° southwards, in which 
fossils are of rare occurrence and badly preserved. These include 
erushed lamellibranchs (one of which suggests Gryphea), large 
Terebratuloid shells, and poor casts of Mhynchonella. These 
beds become slightly more arenacous towards the top, and here 

_Sefior Escutti Orrego has obtained two fairly-good specimens of 
ammonites (Macrocephalites sp.). 

The basal shales are altered at their summit to a hard flinty 
rock by an overlying bed of porphyritic augite-andesite, 150 feet 
thick, and exhibiting well-marked pillow-structure (Pl. IIL, fig. 1), 
the origin of which is discussed below. The spaces between the 
pillows are filled up with a black shale or mudstone, slightly 
metamorphosed, but containing in abundance well-preserved lamelli- - 
branchs (Posidonomya). This deposit is continued for a few feet 
above the top of the first or main lava, containing fossils similar 
to those found between the pillows and an occasional ammonite — 
(Cosmoceras sp.). 

It is succeeded by thinly-bedded, reddish, sandy shales, with veins 
and layers of gypsum, having a total thickness of 150 feet, or 
about equal to that of the main lava. 

Along the north-eastern slope of the Morro, towards the base of 
_ this series, is seen a sinall sill of compact greenish-grey dolerite, 
which has the form of a lenticular or wedge-shaped intrusion about 
9 feet thick, thinning out eastwards and altering the shales both 

-above and below it. Pillow-structure is completely absent from 
this rock, and it differs essentially from the main mass deseribed 
below. 

_ Above the red shales more beds of pillow-lava are visible, 
occurring at several horizons. ‘Towards the summit appear further 
red shales, followed by about 2 feet of impure limestone containing 
Serpulites, badly-preserved lamellibranchs (Pecten, Modiola, ete.), 
and occasional Echinoid spines (probably Crdaris). 

Finally, the hill is capped by another lava-bed, similar in nature 
to the main mass, but of a reddish colour and much weathered. 
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Palxontologic al Notes. 

With one or two exceptions, the fossils obtained from the stra- 
tified beds of the Morro are badly preserved, and it is impossible 
to make exact specific determinations. The general assemblage, 
however, points to a Bathonian facies at the base, with a transition 
into Callovian and Oxfordian, and possibly still higher beds, at the 
summit of the hill. 

FAuNAL List. 

- Terebratula cf. mazxillata Sow. Grypheza sp. 
Rhynchonella cf. obsoleta (Sow.). Macrocephalites sp. 
Flabellothyris sp. _ Cosmoceras aff. ornatum Schloth. 
Pecten sp. _ Serputlites. 
Modiola sp. _ Cidaris spines. 
Posidonomya escuttiana, sp. nov. ‘ 

PosIDONOMYA ESCUTTIANA, sp. nov. (Pl. VIII, fig. 7.) 

This ‘species, which occurs abundantly in the black shales sur- 
rounding the ‘ pillows’ in the main mass of lava, has the following 
characters :—Shell thin and transversely oval, though slightly 
oblique; very gently convex, the greatest convexity being along 
a line drawn from the umbo to the lower posterior angle. 

Hinge-line straight, not much shorter than the greatest width 
of the shell. Both anterior and posterior borders rounded. 
Umbones small, situated at about a third of the length of the hinge- 
line from its anterior end. 

Surface ornamented with concentric flattened folds separated 
by grooves. These become gradually broader towards the lower 
border, and are crossed radially by irregular pustulose wrinkles, 
ill-defined in the young shell, but becoming more pronounced with 
age. The wrinkles on one fold at first tend to be distinct from 
those on the next, but towards the lower margin frequently pass 
across the intervening furrow. They are but feebly developed on 
the posterior and anterior borders of the shell. 

I have been unable to find any other example of the genus 
bearing this peculiar type of ornamentation, which therefore 
appears to be sufficiently characteristic to warrant the introduction 
of a new specific name. | 

Macroceruarites sp. (Pl. VIII, figs. la & 10.) 

The general form of this species is that of a small dacro- 
cephalites, showing certain affinities with the Spherocerates. 

The whorls increase in size rather rapidly, and, though not very 
deep, are considerably involute, being thus somewhat semilunar in 
cross-section. They possess a Stephanocerate type of ornament. 
_The ribs are numerous and fine, but with no conspicuous thickening 
along the umbilical margin. The umbilicus is deep and crateriform, 
with steep sides. The suture-lines, although indistinct, do not 
appear to be very complicated. 
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TEREBRATULA Sp. 

Most of the fossils from the black shales at the foot of the 
Morro are considerably crushed, and, although several specimens 
of a large Terebratuloid shell were obtained, it has been found 
impossible to assign them to any definite species, or to say more 
than that they are probably of Bathonian age and most nearly 
related to a type such as Terebratula maxillata Sow. 

RHYNCHONELLA sp. 

These shells, which occur usually in the form of casts, were 
formerly referred to the Liassic species Rh. tetrahedra; i we 
judge from the associated fossils, however, they are probably of 
somewhat later age, and appear to possess closer affinities with 
Rh. obsoleta (Sow.). 

The igneous rocks of the Morro.—Though mentioning 
elsewhere the occurrence of contemporaneous porphyries in the 

‘Oolitic Series, Forbes,' when he discusses the rocks of the Morro, 
describes the lavas as intruded sheets. In this he is followed by 
later writers, but the evidence summarized below appears to afford 
ample justification for regarding their origin as contemporaneous: 
with the deposition of the sedimentary deposits :— 

(1) The whole thickness of lava exhibits typical ‘ pillow ’-structure, the 
ovoid masses being often more than 10 feet in diameter and lying 
with their long axes approximating to the horizontal. 

(2) This structure is not a phenomenon of surface-weathering, as is shown 
by its continuance through a great landslip which cuts the face of the 
cliff, and by isolated blocks fallen on the beach. 

(3) The black shales fillmg the spaces between the pillows contain abun- 
dant marine fossils, which are often unbroken and well preserved. 

(4) The metamorphism of the shales has resulted in little more than the 
production of a compact hornstone selyage surrounding the indi- 
vidual pillows. 

(5) Similar shales overlie the lava practically horizontally, and are com- 
pletely unaltered—except in the immediate vicinity of the pillows 
(PIES, figs). 

(6) Microscopic examination of the rock of which the pillows are 
composed shows that the porphyritic constituents are set in a true 
glassy ground-mass. This would hardly be expected to occur in a 
subsequently intruded sheet of lava over 100 feet thick, owing to 
which its dimensions would necessarily undergo somewhat slow cooling. 

(7) The mass cannot be regarded as composed of a series of thin intrusive 
’ sheets, which might be suggested in explanation of some of the 
phenomena enumerated above. 

In general appearance and mode of occurrence, then, this rock 
presents many of the characteristic features of a typical pillow- 
ava, and seems to have differed little in its m - origin from lava, and to | liffered littl ts mode of origin fro 
other lavas exhibiting a similar structure. It undoubtedly represents. 
a submarine voleanic flow, which took place contemporaneously with 
the deposition of the shales in which the pillows are embedded ; 

ough wh r the eruption itself was actually submari . though whether the eruption itself uctually submarine or 
subaérial is a moot point. The abundant individuals of the genus. 

1 Q. J. G.S. vol. xvii (1861) p. 36, 
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Posidonomya in these shales would appear to indicate a com- 
paratively shallow-water facies, which is also suggested by the 
associated red sandstones with gypsum. 

The glassy ground-mass of the rock is an indication of rapid 
cooling, and, although the outburst appears to have been more 
or less continuous during the building-up of the whole sheet, it was. 
doubtless of fairly long duration: thus each layer of pillows had 
time to undergo considerable loss of temperature before being: 
covered by succeeding layers. In many cases, however, the indi- 
vidual pillows had not become sufficiently rigid to resist deformation 
by the superincumbent mass. 

The absence of any marked metamorphism of the shales, except 
the actual coating of the pillows, suggests that the shell-bearing 
mud was in part deposited subsequently to the extrusion of the 
lava, and gradually found its way through the interstices into its. 
present position, thus accounting for the presence of well-preserved 
lamellibranchs, which otherwise, from their fragile nature, could 
hardly have escaped crushing. © 

Although vesicular or amygdaloidal structure is occasionally 
noticed, it is by no means a characteristic feature of the rock, which 
in this respect (apart from microscopical characters) appears to 
differ essentially from many other well-known occurrences, such 
as that described by Mr. Clement Reid & Mr. H. Dewey from 
Port Isaac in Cornwall.’ This, however, is probably a feature due 
less to environment and mode of origin, than to the chemical 
composition and physical conditions of the molten lava. 

The chief points of interest about this rock, as kindly pointed 
out to me by Dr. J. 8S. Flett, are its extraordinarily fresh condition, 
with complete absence of any trace of albitization such as occurs. 
in the true spilites, and the fact that its petrographical character 
is distinctly of a Pacific type. 

Mr. O. H. Evans has mentioned the occurrence of pillow-lavas of 
probably Mesozoic age in the Taltal coast-region of the Atacama 
Desert in Chile?; but 1 believe that they have not yet been 
described in detail. 

With regard to the well-known association of radiolarian cherts 
with pillow-lavas, no systematic search for these organisms has yet 
been attempted in the shales of the Morro, as such detailed work 
seems beyond the scope of the present paper. It is a subject, 
however, which I hope to investigate later. 

Petrographical Descriptions. 

(A, & A,)® Enstatite-andesite from the Morro de Arica, 

Chile. (PL VII, fig. 3.) 
Macroscopic characters: The rock of which the pillows are 

1 Q. J. G.S. vol. xiv (1908) p. 264. 2 Ibid. p. 270. 
* These index-letters refer to microscopic slides and hand-specimens from 

the collection of igneous rocks made during the expedition, now preserved in 

the University Museum, Oxford. 
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composed may be described as a compact porphyritie enstatite- 
andesite, varying from the centre of the individual masses, where 
it has a black basaltic appearance, to the exterior, where the ground- 
mass is of a greyish colour with conspicuous porphyritic crystals 
of clear plagioclase (showing lamellar twinning) and black 

pyroxene. This change of colour, which is often abrupt, appears 
to be in some degree due to weathering (though the constituent 
minerals are remarkably fresh), but chiefly to the segregation of the 
iron-ores towards the centres of the pillows. Small amygdules of 
calcite and silica, both crystalline and amorphous, are sometimes 
present. (Specific gravity = 2°74.) 7 

Microscopic characters: Phenocrysts of plagioclase, with 
rhombic and monoclinic pyroxenes, in a glassy ground-mass. 

The plagioclase occurs in large, idiomorphic, tabular crystals 
showing Carlsbad and polysyuthetic twinning and _ occasional 
-zonary structure. In a specimen taken from near the exterior of 
a pillow (A,) it is slightly weathered ; but, in one nearer the centre 
(A,), it is remarkably clear and fresh, though sometimes contaiming 
inclusions of the ground-mass. The refractive index is distinctly 
higher than that of Canada balsam, and the extinction-angles on 
sections cut perpendicular to the albite-lamelle range up to 30° 
Cabradorite). 

The pyroxene- phenocrysts are represented by both rhombic 
and monoclinic varieties, pale green to colourless, the former (near 
enstatite) showing very faint pleochroism and low double refraction. 
It is sometimes intergrown with monoclinic augite, or the latter 
may occur in the form of a thin secondary marginal growth 
round a rhombic crystal. In the more weathered example (A,) 
such a margin frequently remains, while the rhombic interior has 
been completely converted into a fibrous network of serpentine. 

The ground-mass is hyalopilitic, consisting of brown isotropic 
glass, crowded with microlites and skeleton-crystals of felspar, 
pyroxene, and magnetite. In A, it is almost opaque in 
ordinary light, owing to dissemination of magnetite dust, which 
seems to be segregated towards the centres of the pillows, where 
beautiful examples of skeleton-crystals are abundant. Many 
yellowish-green patches occur, and between crossed nicols show 
spherulitic structure. The felspar-microlites are frequently 
grouped in sheaf-like bundles. Circular amygdaloids occur, 
sparingly filled with calcite mosaic. 

(A,) Dolerite; intrusive sill, Morro de Arica. 
Macroscopic characters: A compact, greenish-grey, micro- 

crystalline rock without phenocrysts, composed mainly of felspar 
with black grains of pyroxene. (Specific gravity = 2°72. 

Microscopic characters: A much-altered rock, the bulk of 
which consists of a felted mass of felspar-laths and pale yellowish- 
green chlorite. The felspar appears to be chiefly oligoclase, 
with Carlsbad and polysynthetic twinning. Extinction-angles. 
yanging from 0° to 5°. 
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Augite colourless to pale green, occurring as small irregular 
grains in the ground-mass with no definite crystal outlines. 

Ilmenite in black grains, altermg into sphene. Chlorite 
abundant, in irregular yellowish-green pleochroic patches, which 
wrap round the felspar-laths so as to suggest an original ophitic 
structure. Epidote and calcite occur sparingly. 

As we pass inland from the coastal section, the whole surface of 
the country traversed by the railway is covered by sandy deserts. 
formed by the weathering of a thick mantle of volcanic lava and 
tuff, and all traces of the underlying Mesozoic sediments are com- 
pletely obscured, except along the valleys of the Llutah and Palca 
Rivers, which have been eroded to a sufficient depth to bring the 
Mesozoic deposits once more to light. 

The Llutah enters the sea a few miles north of Arica, and, on 
proceeding up its valley, we first meet with stratified Mesozoic rocks. 
between Molino and Cata: they consist of a thick series of barren 
black, brown, and olive-green shales having a more or less constant 
westward dip, and much altered by the intrusive core of plutonic 
rock, with the production of numerous mineral veins. A thick 
vertical succession was passed over in ascending the cuesta of 
Cuescolla to Socoroma, but no evidence of fossil remains was. 
discovered. 
Farther east, at Ancolocalla, similar altered shales and thin 

limestones, dipping 50° south-westwards, are again visible at the 
very bottom of the Jamiraya gorge, which is some 5000 feet deep. 
at this point. Here faint traces of fossils were recorded—chiefly 
small Posidonomye, similar to those obtained from the Morro. 
de Arica. Penetrating the shales at this locality and cutting 
across their bedding-planes was found a thick dyke or intrusion 
of quartz-hypersthene-norite, the true dimensions of 
which, owing to the inaccessibility of the gorge, could not be 
determined. The occurrence of this rock is of considerable interest, 
for it may possibly represent the original source from which the 
pillow-lavas of the coast-section were extruded, and thus be 
regarded as their plutonic equivalent. It is absolutely distinct 
from the intrusive core of granodiorite described on p. 14, which 
appears to be of much later date; and I know of no other 
similar occurrence in any part of the country. 

(A,,) Quartz-hypersthene-norite; Ancolocalla, Llutah 
River (Chile). 

Macroscopic characters: A holocrystalline, compact, even- 
grained, grey to black rock, composed of plagioclase, slightly 
iridescent, and black pyroxene, with a little quartz. It is 
difficult to discriminate between the constituent minerals. (Specific 
gravity = 2°77.) 

Microscopic characters: Holocrystalline, of somewhat coarse 
texture, composed essentially of plagioclase, rhombic and mono- 
clinic pyroxenes, quartz, and iron-ores. 
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Plagioclase, in hypidiomorphic crystals, fairly fresh, but with 
a faint pinkish colour, due to abundant dust-like ultra-microscopic 
inclusions of iron-ores arranged parallel to the vertical axis. 
Twinning according to polysynthetic and pericline laws. The 
extinction-angles indicate acid labradorite. 

- Pyroxenes: Monoclinic, diallage, of a faint greenish colour, 
without definite crystal outlines ; numerous inclusions of ilmenite 
and apatite. Rhombic, hypersthene, showing straight extinc- 
tion, and faint pink and green pleochroism, altering into yellowish- 
green serpentine. Both rhombic and monoclinic forms frequently 
exhibit marked schillerization. : 

Apatite is fairly abundant, in well-developed prisms and lone 
needles. I]menite is abundant in large irregular grains. Biotite 
occurs sparingly, as a minor accessory. Quartz is found as an 
original constituent, the last product of consolidation, in some little 
‘quantity. 

(6) The plutonic core of the Western Cordillera. 

The erosion of the river-valleys which has brought to light the 
Jurassic sediments has also laid bare the underlying mass of 
plutonic rock, by which they have been penetrated and meta- 
morphosed. This mass, which has the form of an elongated 
batholith, with its long axis lying approximately parallel to the 
coast (that is, north-west and south-east), may be regarded as the 
deep-seated core of the Western Cordillera. In the district now 
described the actual date of the intrusion can only be determined 
as post-Jurassic, though farther north in Peru similar (and possibly 
identical) plutonic rocks penetrate fossiliferous Cretaceous beds, and 
are, therefore, probably of Tertiary age, doubtless representing a 
comparatively late phase in the development of the mountain-ranges 
of the Andes. 

In the Llutah Valley above Molino, the plutonic core is first seen 
near Tifares, and is well exposed between Cata and Palmani. It 
is again met with at the bottom of the gorge at Jamiraya, although 
no longer visible where the river is once more accessible at Ancolo- 
calla, a few miles away to the east. 

The composition of the rock varies considerably in different 
localities, which probably accounts for the different views concerning 
its nature expressed by various authors. A. d’Orbigny regarded it as 
a granite of very early date ; while Forbes, noting the metamorphism 
of the Jurassic sediments, classed it as a pre-Cretaceous diorite. 

A certain amount of differentiation appears to have taken place 
previous to the intrusion, for it is possible to distinguish a more 
basic type of rock representing the portion of the magma that 
consolidated first, and a more acid later type which frequently 
includes rounded fragments of the former. In many cases these 
“cognate xenoliths’ are so numerous as to alter completely the 
appearance of the rock. Above Cata, in fact, the basic xenoliths 
formed about a quarter of its bulk. 

The latest product of consolidation is represented by a series of 

4 
a 
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highly-acid pegmatite-veins, consisting essentially of quartz, ortho- 
clase, and tourmaline, with a little topaz. 

The basic type appears to be more completely developed towards 
the west of the main core, and ascending the river-valley becomes 
progressively more acid. 

The following description represents the general facies of the 
rock between Tinares and Cata :— 

(A,) Macroscopic characters: A holocrystalline even- 
grained rock of granitic texture and greyish colour, with rather 
a high percentage of ferromagnesian minerals. 

Pale-green to white plagioclase, pink orthoclase, the former 
predominating ; dark-green hornblende and black biotite. 
Quartz not very obvious or abundant, but never completely absent, 
as Forbes erroneously stated. (Specific gravity = 2°73.) 

Microscopic characters: MHolocrystalline, hypidiomorphic 
structure. 

Quartz not very abundant, allotriomorphic. 
Orthoclase turbid, and plagioclase fairly clear in ordinary 

light; the latter in excess over the former, and showing fine 
polysynthetic twinning, chiefly albite to oligoclase, with slight 
incipient alteration into sericite. 

Biotite abundant, pleochroism deep brown to pale yellow; 
slight decomposition to chlorite and epidote. 

Hornblende, pale green to colourless. Apatite occurs 
sparingly as inclusions in the biotite. Epidote after biotite, with 
canary-yellow pleochroism. Magnetite is fairly abundant. 

(A,,) Palmani, Llutah River. 
A rock similar to that just described, but of a more acid nature. 
The felspars are present in about equal proportions, and the 

orthoclase, which occasionally tends to be porphyritic, gives a 
decided pink colour to the hand-specimen. Quartz is more 
abundant, but never very obvious. A _ slightly lower percentage 

of biotite and hornblende is found. (Specific gravity =2°68.) 
Microscopic characters: Quartz fairly plentiful, often 

forming pegmatitic intergrowths with the felspar. 
Orthoclase equal to, or in excess of, the plagioclase, and 

commonly intergrown as perthite. The alteration of the fel- 
spars, which usually commences in the interior of the crystals, 
results in the formation of flakes of sericite. 

Biotite, hornblende, epidote, and magnetite as in A,. 
Some inclusions of zircon, with pleochroic halos, occur in the 

biotite. c 

(A,,) Tourmaline-pegmatite; Cata, Llutah River. 
This vein consists essentially of clear quartz, pink orthoclase, 

and tourmaline in individual crystals or radiating aggregates. 
_Microscopic characters: Quartz clear, fluid inclusions 

abundant with mobile bubbles, pegmatitic intergrowth with 
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orthoclase; the latter mineral occurs in Carlsbad twins, and is’ 
very turbid, showing decomposition into kaolin and sericite. 
Plagioclase showing albite-twin lamellation, rare. 
Tourmaline abundant, in large crystals, with blue and brown 

pleochroism. Some biotite and a little muscovite. 
Magnetite is fairly abundant. Epidote and chlorite occur — 

sparingly. 

(A,,) Tourmaline-vein; Jamiraya, Llutah River. 
Microscopic characters: An iregular mosaic of quartz, 

orthoclase, and plagioclase, with abundant tourmaline. 
Topaz is fairly abundant in colourless prisms. 

Epidote occurs sparingly; titaniferous magnetite (altering 
to leucoxene) and pyrite are present, as also a little secondary 
calcite. 

In an igneous intrusion of huge dimensions, such as a mountain- 
core of this nature, which has been modified probably both by 
differentiation and assimilation, it is obviously impossible to select 
one or two specimens for description or analysis as typical of the 
whole mass, and to which a definite name can be given. Some of 
the more acid examples with associated tourmaline-veins would 
undoubtedly be assigned to the granites or adamellites; 
while those with quartz sparingly developed and abundant ferro- 
magnesian minerals would probably be found to approach in 
composition the tonalites or diorites. 

The general composition of these so-called ‘Andes granites’ has 
been described’ as that of a granodiorite; and, although 

-in the specimens from my collection the plagioclase does not 
appear to predominate very largely over the orthoclase, the 
name may conveniently be retained until further chemical 
analyses can be made. It is, however, used here not as a definite 
statement of the alkaline content, but merely as indicating the 
general facies of the rock, which ranges from the granites and 
granodiorites to the tonalites. 

All theories as to the origin of these deep-seated intrusions of 
plutonic rock must, for the greater part, necessarily be based on 
speculative assumptions; and, since erosion has never penetrated 
them very deeply, their field-relations are limited and difficult of 
interpretation. Many of the leading authorities hold widely- 
divergent views on the subject, and it is certain that the final 
explanation will only be arrived at by the constructive com- 
bination of a vast number of isolated facts. 

The term ‘ batholith’ was introduced by Prof. Eduard Suess to 
describe those large granite-intrusions which so often form the 
core of great mountain-chains. They may be defined as shield- 
shaped masses of plutonic rock, intruded as the result of fusion 
of older formations (durchschmelzungsmasse), and growing 
broader to unknown depths. They usually penetrate the crust 

1 0. Nordenskjéld, ‘Die krystallinischen Gesteine der Magellanslinder’ 
Svenska Exped. till Magellanslandern, Stockholm 1901, vol. i, p. 175, - _ 
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along the site of folded geosynclines, and lie with their long axes 
parallel to the axes of the mountain-ranges. One of the most 
prolific writers on this subject is Dr. R. A. Daly, who considers that 
the replacement has been caused partly by digestion and solution 
along the contact of magma and country-rock, but chiefly by the 
mechanical process of stoping, which is the only hypothesis that 
accounts for the apparent lack of chemical relation between the 
granite and the country-rock, impossible to explain by a doctrine 
of simple assimilation. 

Such a mode of origin for this batholithic core seems to be in 
accordance with the observed facts; but, since it is elongated 
parallel to the general trend of the Cordillera, we are dealing 
here with comparatively-limited exposures afforded by the Llutah 
and Palea Rivers, which cut across the strike. In young steep- 
sided valleys of this nature, however, where the contact with the 
overlying rocks is to a great extent obscured by screes, much 
evidence is not forthcoming in support or disproof of any theory 
as to the relative importance of the physical process of stoping or 
the chemical process of assimilation. Both have probably had 
effect, and, in describing the core of the Western Cordillera as a 
batholith, I have interpreted the term in this double sense, thereby 
expressing my views as to its probable mode of origin. The mass 
is dome-shaped in transverse section, widening downwards without 
any visible floor, and cuts across the overlying Mesozoic deposits 
irrespective of their dip. The process of intrusion appears to have 
been essentially one of replacement rather than displacement, and 
I see no reason to criticize Dr. Daly’s theory that this may have 
been in great part effected by actual mechanical stoping. 

One of the most frequently mentioned objections to the theory 
of batholithic replacement is that, asa rule, there is little or no 
evidence of solution by the granitic magma. In the present case, 
such evidence is not wholly lacking. A few hundred yards above 
Cata on the south side of the river, a peculiar rock is met with, 
apparently passing downwards into the ordinary acid plutonic 
type (A,,). This rock has, at first sight, the appearance of a 
compact quartzite; but, im microscopic section (A,,; Pl. VII, 
figs. 1 & 2), it is seen to be of igneous origin and composed of a 
granular mosaic of quartz and felspar (chiefly orthoclase), with 
abundant irregular plates of hornblende and biotite, com- 
pletely devoid of crystal outline and showing pronounced corrosion. 
It appears to represent the typical basic granodiorite, invaded and 
partly assimilated by a highly-acid magma. The latter has con- 
solidated as a pegmatitic intergrowth of quartz and orthoclase 
in the actual process of dissolving’ the ferromagnesian elements 
of the original rock. That the phenomenon is one of corrosion 
and not of simultaneous crystallization is particularly noticeable 

1 Instances of a similar process of solution by residual quartz were figured 
and described from the Gilgit granite in the Himalayas by C. A. McMahon, 
Q. J. G.S. vol. lvi (1900) p. 366 & pl. xxiii. 

Q. J. G.S8. No. 277. c 
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in the case of the hornblende-crystals, which not only show 
quartz eating its way in from the edges, but also colourless 
patches in the centre of the sections devoid of pleochroism, 
although they exhibit uninterrupted prismatic cleavage. Much 
of the felspar must have belonged to the original rock, but it is 
difficult to distinguish in this case the appearance due to corrosion 
from that due to pegmatitic growth. The occurrence of such a 
rock agrees well with Dr. Daly’s statement that 

‘If ...a crystallized granodiorite batholith be itself attacked by a later 
abyssal intrusive and in large part stoped away and remelted, the secondary 
magma collecting at the roof of the later batholith should be more acid 
than [the] granodiorite. (Am. Journ. Sci. ser. 4, vol. xxvi, 1908, p. 45.) 

From the hypothesis of overhead magmatic stoping, Dr. Daly * 
has evolved a theory for the secondary origin of certain granites by 
a process of differentiation, after assimilation of an acid cover by © 
a gabbroid magma. 

While agreeing with that author’s views on the means by which 
a plutonic magma makes its way into the overlying strata, I 
consider that it is not advisable to attach too much importance to 
this latter theory, so far as my own observations go. The law of 
decreasing basicity seems to hold good for the whole body of the 
magma, just as much as for the crystallization of its component 
minerals, even in the absence of any assimilation. In the present 
case, assimilation undoubtedly appears to have taken place, and 
probably has largely affected the composition of the rock; but I 
can see no clear evidence for assuming the granite to be directly 
derived from a gabbroid magma by a complex process of this 
nature. It is true, however, that in Jurassic times the voleanic rocks 
of the district were of an andesitic or basaltic nature, and their 
plutonic equivalent may probably be regarded as the hypersthene- 
norite of Ancolocalla; while in post-Cretaceous times the intrusive 
core had attained the composition of a granodiorite or granite, and 
the Tertiary and recent lavas, to be described later (pp. 19 et seqq.), 
have for the most part a pronounced acid character. 
Any connexion, however, between the basic magma of Jurassic 

times and these Tertiary acid rocks must remain purely a matter of 
speculation. 

(c) The Volcanic Rocks of the Western Cordillera. 

The Western Cordillera differs from the Eastern or Cordillera 
Real in the fact that it is essentially a voleanic range formed of 
numerous, more or less isolated, snow-capped, dormant and extinct 
voleanoes, which frequently attain heights ranging between 19,000 
and 20,000 feet. The great altitudes and inaccessibility of many 
of these peaks have prevented investigators from studying them 
in great detail, and the presence of a true crater is in most cases 
purely a matter of conjecture. In the case, however, of such ideal 

1 Am. Journ. Sci. ser. 4, vol. xv (1903) p. 269; vol. xvi (1903) p. 107; 
vol, xx (1905) p. 185 ; and vol. xxvi (1908) p. 17. 
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‘cones as Sajama, the Payachatas, and possibly Tacora, it is hardly 
possible to doubt their existence without proof to the contrary, 

since farther north in Peru the well-known Misti (of almost 

ae ’ 

identical shape) possesses a finely-developed crater. 
Along the line of the Arica—La Paz section, no one of these 

cones is at present in a state of activity, though minor phenomena 
associated with waning volcanic action are constantly observed. 
On the sides of Mount Taapaca, for instance, near the village of 
Putre, hot springs still issue from the snow-covered ground, the 

_ water, which is nearly at boiling-point, being conducted into baths 
and used for curative purposes. 

The whole coastal region, as has been already mentioned, 
consists of a rainless sandy desert formed by the disintegration 
of voleanic products, and fresh specimens of the underlying rocks 

can only be obtained from the cuttings made during the construction 

of the railway, or in the immediate vicinity of the volcanic cones. 
The enormous amount of volcanic material which has been spread 
over the’ surrounding country may be realized from the fact that, 
between the highest visible outcrop of Mesozoic strata in the 
Lilutah Valley and the summit of Mount Taapaca, there is a 
difference of level amounting to over 11,000 feet. 

It was found impossible, therefore, to study these vast accumu- 
Jations of lava and tuff in great detail, and no attempt will be made 
here to deal with them otherwise than in general outline. From 
an examination of a number of microscopic sections, it appears 
that they can be resolved into three main groups, characterized by 
their dominant ferromagnesian mineral. Succeeding one another 
in the following order, they seem to obey a law of increasing 
basicity with decreasing age :— 

(a) Acid rhyolites and rhyolitic tuffs with biotite. 

(3) Trachytes or trachy-andesites with hornblende. 

(y) Andesites or basalts with pyroxenes. 

It must be pointed out, however, that some of the rocks of the 
first group occasionally include xenoliths of more basic character, 
‘derived from earlier-formed lavas not exposed at the surface. 

(«) The rhyolites and rhyolitic tuffs are chiefly charac- 
teristic of the coastal region; it is frequently impossible to say 
whether they have been poured out as true lavas, or represent 
pyroclastic deposits. 

They have a rough trachytic texture, and are usually pale in 
colour, with a range varying from purple and pink to grey and 
white. They are characterized by an abundance of small quartz- 
erystals with bipyramidal terminations—in fact, it is scarcely 
possible to pick up a handful of the desert sand without noticing 
this feature. Clear glassy porphyritic crystals of felspar, both 
sanidine and plagioclase, usually occur accompanying the quartz, 
‘and biotite is the only common ferromagnesian element. The 
ground-mass is frequently vitreous or cryptocrystalline, and often 
exhibits microspherulitic structure. 

o2 
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These rocks are best studied along the railway, where they are 
well displayed between Poconchile and the ‘ Pampa Colorada,’ and 
again from Central to Puquios. (Pl. IV, fig. 1.) 
”'The following description of a few typical examples will serve: 

to illustrate their general facies :— 

(A,) Rhyolite; quarries near Molino. 
Macroscopic characters: This rock consists essentially of 

phenocrysts of quartz, glassy clear felspar, and black hexagonal 
plates of mica set ina fine-grained pink matrix. 

Microscopie characters: Idiomorphic phenocrysts of 
- quartz, sanidine, and acid plagioclase with polysynthetic- 
twinning and occasional zonary banding. Dark-brown biotite is. 
fairly abundant, much broken and bent, and exhibits resorption- 
borders. Apatite occurs sparingly, in small needles. 

The ground-mass is cryptocrystalline to vitreous, with evident 
flow-structure. Abundant spherulitic or axiolitic growths of 
delicate fibres occur lining irregular cavities, the centres of which. 
seem often to be filled by a fine quartz-mosaic or possibly tridymite.. 

(A,) Rhyolite; cuttings above Poconchile. 
Macroscopic characters: Similar to (A,), but of a greyish: 

colour and with copper-coloured mica. 
Microscopic characters: Similar to (A,); ground-mass. 

cryptocrystalline, with obscure grains of quartz and felspar- 
an of definite outlines. No flow-structure visible. 

(A,,) Rhyolite; Kilometre 110. 
Macroscopic characters: Phenocrysts of quartz, glassy 

clear felspar, and black mica, in a purplish-red vitreous matrix. . 
Microscopic characters: Idiomorphic phenocrysts of 

quartz, sanidine, and acid plagioclase. Biotite not very 
abundant, deep reddish-brown in colour, with corrosion-borders.. 
-Magnetite occurs sparingly. 

The ground-mass shows marked flow-structure, and consists of 
brown isotropic glass alternating with cryptocrystalline bands. 
Microspherulitic structure is occasionally developed. ' 

South of the railway, thousands of feet of lava and tuff, 
presenting a wonderful variety of colours, are again visible in the- 
Jamiraya gorge, lying horizontally upon the steeply-dipping 
Jurassic shales and the ‘granodiorite core. 

In many respects, these rocks are petngedly similar to those- 
described above, but from their position are obviously of somewhat. 
earlier date. Hornblende is occasionally met with, although biotite. 
is still the dominant ferromagnesian mineral, and there is an. 
cae of quartz. 

(A,,) Rhyolite; below Patapatani, Llutah River. 
Macroscopic characters: This rock is almost identical 

in appearance with (A,,), but has a greyish colour. 
Microscopic characters: Large phenocrysts of quartz. 

occur, frequently with crystal outline, ‘but more usually rounded by 
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_ _—-€orrosion ; quartz also occurs as a secondary product, filling vesicles 
in the form of a mosaic. Sanidine subordinate to plag: ioclase, 

& which is mostly albite and oligoclase. 
; Biotite is not very abundant, it is bent and broken, and there 

is a little green hornblende posterior to the biotite. Apatite, 
‘3 zircon, and magnetite occur sparingly. 
a The eround- mass consists of a pale brownish glass crowded with 

minute spherulites, which, in addition to showing black crosses 
between crossed nicols, can also be recognized under a high power 
in ordinary light. 

Abundant ‘foreign xenoliths of a more basic type, composed 
chiefly of pla eiocla se-crystals in a brownish vitreous or crypto- 
crystalline ground-mass, without quartz, but with abundant 
magnetite, occur throughout this rock. 

(A,,) Rhyolite; Patapatani, Llutah River. 
This rock underlies (A,_), and represents an older series. 
Macroscopic characters: An even-grained, compact, grey 

rock, splitting easily in one direction alone the lines of flow. 
The phenocrysts are chiefly quartz and bronze-coloured mica 

¥ without much felspar, set in a vitreous base. Numerous inclusions 
‘ of clear black glass occur. 
; Microscopie characters: Small phenocrysts of quartz, 

plagioclase (chiefly albite), and biotite; the last-named is 
much bent, and shows parallel arrangement along the lines of flow. 

Apatite occurs as inclusions in the biotite. Hornblende 
occurs very sparingly ; it is greenish brown, and shows corrosion. 

Ground-mass of pale-brown isotropic glass, including corroded 
patches of clear colourless glass with conspicuous flow-structure. 

(@) The lavas included in the second or trachytic group 
\ are typically absent along the line of railway, but attain their 
_ + lmaximum development in the region south of the Llutah V alley, 
- being especially characteristic of the district of Putre, where they 
iz represent the last phase of activity of the volcanic cone of 

Mount Taapaca. The sheets of lava which, with interbedded 
tuffs, build up this huge cone have a very distinct facies, and 
the typical rock referred to as ‘ Putre trachyte’ is always easily 
recognizable among the boulders carried down the Llutah River. 
It is, however, never met with on the opposite or north side of the 
valley, which therefore was probably in great part formed prior to 
the eruption. Although quartz is occasionally present, it is never 
so abundant as in the rhyolitic group, the most characteristic 
feature of the rock being the numerous large, clear, porphyritic 

‘ crystals of felspar, which are set in a ground-mass of predominantly 
grey colour. Microscopically, a distinguishing feature is the 
presence of hornblende in addition to the biotite. 

Associated with these hornblende-trachytes or trachy- 
. andesites occur vast thicknesses of volcanic tuffs and agelo- 
. merates, which are well displayed in the river-section between 
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Patapatani and Huaylas, where they form pictur esque cliffs of a 
beautiful red or crimson colour. 

Owing to the porous nature of these rocks, they have frequently 
become mineralized by infiltrating solutions. In one case the 
whole matrix of an agglomerate was found to be completely 
impregnated with magnetite; more usually, the change has been 

‘one of silicification, resulting i in the conversion of the bulk of the 
rock into chalcedony or opal. 

(A,,) Trachyte or trachy-andesite; Mount Taapaca. 
Microscopic characters: Felspar in the form of large 

tabular phenocrysts: some sanidine, but mostly an acid plagio- 
clase showing Carlsbad and polysynthetie twinning, with common 
zonary structure. Quartz is present sparingly in large pheno- 
erysts. Hornblende is abundant in small idiomorphic crystals, 
with strong dark-brown to yellow pleochroism. Abundant dark- 

brown biotite. 
The accessory minerals include sphene, sparingly in character- 

istic wedge-shaped crystals, with high birefringence; magnetite, 
apatite, and augite (represented by a few small pale-o green to 
colourless crystals). 

The ground-mass is vesicular and glassy, with microlites of 
felsparand hornblende, and grains of magnetite exhibiting 
parallel arrangement along lines of flow. 

(y) The lavas of the third or andesitie group are character- 
istic of the region between Titiri and the Bolivian frontier, where 
they have been emitted from the volcanoes of Tacora and Chupi- 
quiha,-and overlie the pale rhyolites. They are also met with as 
dykes cutting through the latter. One particularly good example 
is to be seen on ren banks of the small river near Stee where, 
owing to the more rapid weathering of the porous rhyolites, the basic 
dyke stands out as a conspicuous wall showing well-developed 
transverse prismatic jointing. 

These rocks, owing to their compact basaltic structure and their 
dark coloration, present a very distinct appearance, and are further 
characterized microscopically by the presence of pyroxene as the 
dominant ferromagnesian element. 

(A,;) Pyroxene-andesite; Mount Tacora. (Pl. VII, fig. 4.) 
Macroscopic characters: A compact, black, basaltic- looking 

rock, with minute laths of white felspar and occasional larger 
: phenocrysts of pyroxene. (Specific gravity =2-84.) : 

Microscopic characters: Plag ioclase (acid labradorite) 
occurs in tabular or lath- -shaped, square-ended, idiomorphie pheno 
erysts, showing Carlsbad and polysynthetic twinning, and inclusions 
of the ground- mass arranged in zones. ° Little or no decomposition 
is visible. 

Abundant pale-green to colourless augite occurs in small 
idiomorphic crystals, frequently showing complicated twin inter- 
growths. There is also a considerable amount of rhombic 
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pyroxene, displaying lower interference-colours than the augite 
and straight extinction. The cross-sections are almost square, and 
the prism-faces are hardly developed. 
Magnetite is abundant, especially as minute granules in the 

eround-mass. One or two rounded xenocrysts of hornblende 
occur, with strong corrosion-borders. 

The ground-mass exhibits hyalopilitic structure, consisting of 
brown isotropic glass crowded with parallel microlites of felspar 
and granules of magnetite. 

(ii) The Altaplanicie or High-Level Bolivian Plateau. 

Between the Western and Eastern Cordilleras les the high-level 
Bolivian plateau known as the Altaplanicie. Though broken up 
by numerous minor ranges, the general surface of the country has 
a mean elevation of about 13,000 feet. The drainage of nearly 
the whole of this vast area is effected by the Desaguadero and 
its tributaries. _This river flows southwards from Lake Titicaca 

into Lake Poopoo, from which there is no visible outlet; its fall, 
moreover, is so slight, that in times of great rainfall the surrounding 
country becomes flooded for hundreds of square miles, and it is 
difficult to say in which direction the water is flowing. It may 
be spoken of, therefore, as constituting an internal system of 
drainage, distinct from the rivers of the Pacific and Atlantic 
slopes. The extreme eastern limit of the Altaplanicie, however, 
is drained by the river of La Paz, which cuts through the Eastern 
Cordillera to join the Atlantic system. 
Though largely concealed by wide tracts of alluvium, the base- 

ment of the eastern part of the Altaplanicie is seen to be formed 
of strongly-folded Paleozoic sediments, which are overlain on 
the west by transgressive Cretaceous deposits; these, in turn, are 
covered by extensive sheets of voleanic material, which are probably 
of post-Miocene age. ‘To the last-mentioned deposits I shall refer 
as the ‘ Mauri Voleanic Series,’ from their extreme development in 
the western part of the area, which is drained by the Mauri River. 

(a) The Mauri Voleanie Series. (Pl. IV, fig. 2.) 

Having passed through the Western Cordillera and crossed the 
Bolivian frontier, one notes that the whole surface of the country 

is still continuously covered by extensive deposits of volcanic 
origin ; and, where these are cut by river-erosion, the valleys are 
flanked by monotonous flat-topped hills, which impart a very 
peculiar and characteristic aspect to the landscape. Though 
apparently a plane surface, in many cases it presents examples of 
honeycomb weathering on an immense scale; and, crossing the hill- 

tops, one may wander for miles through a perfect labyrinth of 
natural rooms and corridors, which have an extraordinarily artificial 
appearance. This type of country continues down the Cafo and 
Mauri Rivers for a distance of some 60 miles. Although these rocks 
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have so wide a distribution, they vary little in general composition 
throughout the whole area. They consist for the greater part of 
porous white and pinkish rhyolitic tuffs and ashes, usually con- 
taining abundant quartz-crystals, and often much included pumice, 
ranging from, minute fragments up to blocks of considerable size. 
The underlying rocks, too, are frequently visible along the sides of 
the river-valleys, in the form of thick beds of porphyry-conglom- 
erate, which Forbes included in the Jurassic System. No fossils 

_were obtained, however, from these beds and, as their field-relations 
are usually most obscure, no exact determination can be made, 
though I am of opinion that they will eventually prove to be of 
Tertiary age. 

The question of the origin of the volcanic rocks is one of con- 
siderable interest. Forbes’ describes them as 

‘having been erupted through long narrow fissures or dykes, and poured out 
over the country either as lava, or in some cases, as light volcanic ashes 
emitted from the fissures, and deposited on the ground in their neighbourhood, 
where they have gradually consolidated into beds.’ 

Having spent considerable time in traversing this district, I have 
come tothe conclusion that such a theory of fissure-eruption does | 
not explain many of the observed phenomena. If these deposits 
be regarded as true igneous lavas, their acid composition would in- 
volve high viscosity ; and, for this reason alone, it would be hard to 
account for the wide extension of individual sheets and the marked 
horizontality of the bedding. Moreover, anything approaching 
the nature of a lava-filled fissure is of rare occurrence. 

The general appearance of the beds is totally unlike that of any 
true lava with which I am acquainted, and at once calls to mind a 
deposit such as the well-known trass of the Brohlthal in the 
Hifel district. The only explanation, therefore, which to my mind 
can account for their peculiar nature is that they have been formed 
to a large extent as subaqueous deposits—an idea also partly 
suggested by Forbes (op. supra cit. p. 25). 

_ The eastern portion of the Altaplanicie was, in comparatively 
recent times, the site of a great system of lakes or inland seas (of 
which Lake Titicaca alone survives), and.in mid-Tertiary times these 
probably extended far to the westward, reaching to the foot of the 
present Western Cordillera: being here well within the range of 
volcanic activity, they became gradually filled up by ashes and 
dust, with occasional pumiceous lavas. This hypothesis is further 
supported by the fact that in many localities the voleanic beds are 
interstratified with layers of fine gravel, which present the appearance 
of lacustrine deposits and occasionally yield organic remains. 

A few miles below the Mauri bridge were obtained specimens of 
a silicified tree-trunk and a fragment of the symphysis of a 
mandible of Nesodon. The occurrence of the latter, 13,000 feet 
above sea-level, is of considerable interest: for, as pointed out to me 
by Dr. C. W. Andrews, it is almost identical in general appearance 

1 Q. J. G. S. vol. xvii (1861) p. 24. 
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and mode of fossilization with numerous specimens preserved 
in the British Museum (Natural History) from the Santa Cruz 
Beds of Patagonia, which are of Miocene age. A horizontal section 
of the silicified tree has been kindly examined for me by Miss N. 
Bancroft, who reports that the wood is that of a Dicotyledon and 
appears to agree fairly closely with one of the Lauracee, being 
very similar to Cinnamomum glanduliferum and also to Nectandra 
from British Guiana. According to Engler & Prantl, Brazil was 
one of the principal centres of ie eribasion of the Laur aces, and 
their appearance in Bolivia would therefore not be improbable in 
Miocene times. It would be unsafe to base any definite conclusion 
as to the date of the deposit from a single specimen of this 
nature; but the occurrence of Nesodon is suttficient to prove that 
most of the volcanic beds of the Mauri River were formed 
during or subsequent to Miocene times, and, as it wiJl be shown 
later that they are overlain by river-gravels containing numerous 
remains of Pleistocene mammalia, a sufficiently approximate 
estimate of their age can thus be arrived at. 

These Miocene or post-Miocene voleanic rocks are occasionally 
found to have been penetrated by still later igneous intrusions, 
which oceur in the form of dykes or small necks cutting through 
the overlying beds. In common with the sequence noted from 
the coastal region, these later rocks have, as a rule, a more basic 
composition, acid dykes being of somewhat rare occurrence. 

There are only two localities, where such intrusions are met 
with, that are of sufficient interest to deserve mention. The first 
1s situated on the River Caio, about a mile above its junction with 
the main stream. Here, pale tuffs of the Mauri Volcanic Series 
overlie steeply-dipping beds of porphyritic conglomerate, the latter 
being composed of well-rounded pebbles which consist chiefly of 
basic igneous rocks. In the narrow railway-cutting at this point, 
both are seen to be cut across and metamorphosed by a. broad 
dyke of rhyolite, with a chilled vitreous margin and well-marked 
flow-structure. 

The rocky outcrop of this dyke can be traced for some distance 
south-eastwards. On the opposite side of the river rises a rounded 
hill, having the appearance of a small voleanie neck, composed of a 
coarse porphyritic andesite, which has the following distinctive 
characters :— 

(A,,) Andesite; River Cafio (Bolivia). (Pl. VII, fig. 6.) 
Macroscopic characters: A compact, dark reddish-brown 

rock, containing big porphyritic crystals of glassy clear felspar, 
hornblende, and augite in a microcrystalline base. 

Microscopie characters: Plagioclase, near andesine or 
acid labradorite, occurs sparingly as large clear porphyritic pheno- 
erysts, and abundantly as a second generation in the ground-mass. 
Hornblende is abundant as large idiomorphic phenoer ysts of 
a dark brownish-green with strong pleochroism, often twinned 
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and showing pronounced corrosion-borders. Augite is equally 
abundant as large pale-green phenocrysts, with marked zonary and 
hour-glass structure. 

The ground-mass consists of a brownish glass containing small 
felspar-laths, magnetite, and abundant short prisms with hexagonal 
cross-sections of a brown pleochroic apatite. The pleochroism 
appears to be due to numerous minute inclusions arranged in fine 
lines parallel to the ¢ axis of the crystals. 

Note on the zonary. structure in the augite.—These 
crystals show a darker, more ferruginous kernel with a wide 
extinction-angle (about 40°) surrounded by alternating hight and 
dark bands, with a paler margin having an extinction of about 32°. 
The simultaneous crystallization of the hornblende- and augite- 
phenccrysts probably has an intimate connexion with the colour- 
variation in the zones of the latter mineral. If we suppose that the 
commencement of growth of the-hornblende occurred slightly later 
than that of the augite, on its separation the magma would >ecome 
impoverished in iron and the composition of the next augite zone 
would tend to be less ferriferous and of a paler hue, while any 
later change of physical conditions causing partial resorption of the 
hornblende with liberation of iron would possibly result in the 
formation of a more ferriferous zone in the augite. . Thus successive 
growth and resorption in the one mineral may be recorded in the 
varying colour-zones of the other. 

The second locality where igneous intrusion occurs is situated a 
few. miles up a small tributary stream which enters the Mauri 
River from the north, about Kilometre 250 (see map. Pl. X, fig. 2). 
Here, the Mauri tuffs are penetrated by a dyke of trachyte or 
trachy -andesite, which is of interest as showing a close similarity 
with the rocks of the second or trachytic group of the coastal 
series (see pp. 21-22). 

(A,,) Trachy-andesite; Kilom. 250, Mauri River (Bolivia). 
acroscopic characters: A pale-grey trachytic rock, with 

phenocrysts of clear white felspar and “smaller crystals of black 
hornblende and biotite. 

Microscopic characters: Felspar, chiefly plagioclase near 
oligoclase, in large clear porphyritic crystals, with Carlsbad and 
albite-twinning and zonar y structure. Hornblende abundant 
in idiomorphie crystals ; strongly pleochr oic, deep reddish-brown 
to pale yellow. Biotite dark br own, in part subsequent to the 
felspar-phenocrysts. Apatite occurs sparingly as small needles. 

The ground-mass consists of a colourless “glass, with abundant 
microlites of felspar, rather short and stout in shape, approaching 
an orthophyric type of structure. Lines of flow not evident. 
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(6) The Mesozoic and Paleozoic Rocks of the 
Altaplanicie and the Line of Dioritic Intrusions. 

The vast covering of ashes and tuff described above gradually 
thins out, and disappears about 3 miles beyond the bridge over 
which the railway crosses the Mauri River. 

Its limit is marked by an abrupt change in the nature of the 
landscape, the flat-topped sides of the river r-valley, cut through the 
horizontal volcanic deposits, giving place to scarped hill-faces 
formed by steeply-dipping stratified rocks. Before discussing the 
latter in any detail, it is necessary to describe briefly the section as 
far east as Coniri (see map, Pl. X, fig. 2). 

At the point where the Mauri tuffs are last met with appears. 
a series of red gypsiferous sandstones, cropping out from beneath 
the voleanic rocks under which they dip westwards. These sand- 
stones can be traced ina series of folds, past the village of Calacoto 
across the Desaguadero River to Comanche, where they are broken 
through by a line of dioritic intrusions. About 5 miles beyond 
this point they are seen to overlie, with apparent conformity, a 
second series of darker chocolate-coloured sandstones and conglo- 
merates, which continue as far as Coniri, where they end abruptly 
along a fault-line against vertical shales and yellow sandstones of 
Devonian age. 

This thick series is remarkable for the complete absence through- 
out (or, at least, extreme rarity) of any organic remains, with the 
exception in one or two localities of indeterminable fragments of 
plants and a few derived fossiis in the Coniri conglomerate. In 
consequence, there has been considerable difference of opinion as to 
the correct determination of its geological age. 

A. V@Orbigny colours the beds as Devonian, Carboniferous, and 
Trias; Forbes, comparing them with similar deposits in Europe, 
assigns them to the Permian or Trias; Prof. Steinmann considers 
them as the equivalent of his fossiliferous Cretaceous ‘ Puca’ 
Sandstone of more southern localities, while many local mining 
experts regard them as of still later date. With the exception of 
D’Orbigny’s classification, the general tendency has been to place 
all these ‘beds in one continuous series, but the view that I have 
adopted since studying the country farther north is that they are 
divisible into two groups, which may be defined briefly as follows :-— 

(1) A younger, red gypsiferous sandstone and mar] series of Cretaceous 
age, resting with pseudoconformity upon 

(2) an older, chocolate-coloured sandstone and conglomerate series of 
probably Permian or Permo-Carboniferous age. 

(1) The first group consists for the most part of brick-red and 
crimson sandstones containing abundant gypsum and rock-salt, 

variegated red and tea-green mals, and thin paper-shales, the w hole 
series being strongly reminiscent of the British Trias and evidently 
formed alee somewhat similar conditions. 

This fact at first led me to regard Forbes’s determination as the 
correct one; but, after working northwards through Peru, and noting 
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the wide Cretaceous transgression which had taken place over the 
older rocks, where similar beds of red sandstone are occasionally inter- 
bedded with the limestones, I came to the conclusion that the red 
sandstone series of Bolivia might be regarded as a shallow-water 
facies of the fossiliferous Cretaceous limestones of the Peruvian. 
sierras. Probably it was deposited in an inland sea, cut off from 
the clear waters of the ocean and subject to intense evaporation 
and concentration. The presence of drifted tree-trunks in this 
formation further suggests the proximity of land. 

After my return to England, I learnt that Prof. Steinmann had 
visited Corocoro, and aeeiated, these beds with his Cretaceous 

* Puca ” Sandstone. 
The beds, though thrown into a number of folds, have a general 

strike to the north-north-west; where first met with, they seem to 
dip about 25° westwards beneath the voleanic rocks of the Mauri 
River. 

Though their outcrop is frequently concealed by the Pleistocene 
river-gravels described below, they can be followed from Calacoto 
southwards along the Desaguadero River past Ulloma, where they 
dip in an easter ly direction, being folded into a broad synecline 
between this point and the village of Callapa. Everywhere the 
beds contain abundant seams of gypsum, often of considerable 
thickness. 

In the well-known mining district of Corocoro the sandstones 
are richly impregnated with native copper, which occurs both 
in the form of large irregular masses and disseminated in minute 
fragments throughout the rock. Although a discussion as to its 
exact mode of origin cannot be attempted here, it can hardly be 
doubted that the presence of copper in the metallic state is due to 
the intrusion of the dioritic rocks. , 

The zone of dioritic intrusions.—The dioritic rocks appear 
along the line of section in the imposing peak known as Comanche 
Alto and the smaller foothill at its base, where they have been 
extensively quarried during the construction of the railway (Pl. X, 
fig. 1 & Pi. V). Forbes, although omitting to illustrate this line 
of dioritic intrusions in his transverse section, compares it with 
the ‘ plutonic intrusion ’ of the Western Cordillera. 

In this he appears to have had little justification: for, neither in 
petrographical characters nor in mode of occurrence, have the two 
rocks anything incommon. The western plutonic core, as described 
above (p. 17 a seems to have made its way into the overlying rocks 

_ by a process of replacement rather than displacement; while the 
latter mode of origin is essentially the case in the present instance. 
The sandstone beds havé here been upheaved and broken through 
by the diorite, and dip steeply away from it in every direction. The 
igneous rock, moreover, has penetrated them in the form of 
numerous dykes, which are not, as a rule, well developed in the 
ease of a batholithic intrusion. The metamorphism is not great, 
and has resulted in little more than a hardening and bleaching of 
the beds along the immediate contacts. 
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(A,,) Diorite ; Comanche (Bolivia). (Pl. VII, fig. 5.) 
Macroscopic characters: A pale-grey holocrystalline rock 

of even-grained medium texture, composed of white pla vioclase 
and dark-green hornblende, the latter frequently segregated 
into more basic patches. No quartz visible. It often contains 
abundant micaceous hematite, especially developed along the 
joint-faces. 

Microscopic characters: MHolocrystalline, hypidiomorphic 
structure. Plagioclase, chiefly andesine and acid labra- 
dorite, showing Carlsbad and polysynthetic twinning and well- 
marked zonary structure. The felspar is mostly fresh, but exhibits 
some alteration to sericite—beginning usually at the centre of 
the crystals. Green hornblende occurs in small well-defined 
erystals, with idiomorphic contours. Ilmenite altering to sphene, 
and a little apatite, epidote, and chlorite also are present. 

(2) About 5 miles east of Comanche, the red gypsiferous sand-. 
stones and marls are seen to overlie the rocks of the second series 
with apparent conformity. The latter, however, I regard as forming 
a distinct group, the junction being one of transgressive overlap. 
The original dip of the older beds was probably insignificant in 
comparison with their present inclination, and the intense Tertiary 
folding, which affected both Cretaceous and older rocks alike, has. 
enhanced the deceptiveness of this pseudoconformity. 

The rocks of the older series consist of dark-red and chocolate-. 
coloured sandstones (Pl. VI), with frequent bands of conglomerate ; 
and, being more resistant than those of the first group, they stand 
out in bolder relief. They are strongly folded throughout, the. 
western limbs of the anticlines having, as a rule, the greater in- 
clination—in fact, i some instances, they approach a monoclinal 
structure, the direction of folding having been apparently towards. 
the west. At Coniri, dipping 30° north-eastwards, they end 
abruptly, along a fault-line, against vertical shales and sandstones. 
of Devonian age. 

The last beds of the series exposed are coarse conglomerates, 
composed of big well-rounded pebbles, set in a compact reddish or 
green matrix impregnated with copper. The pebbles consist chiefly 
of olive-green and liver-coloured quartzites, yellow sandstone, vein- 
quartz, red crinoidal limestone apparently of Carboniferous age with 
poorly-preserved fossils (Spirifer sp., Chonetes sp., Huomphalus sp., 
Rhipidomella sp., and a small semireticulate Productus), white 
sandstone with a small species of Orthis, pink limestone with 
Fusulina, and dolomite with Fenestella. A careful search failed 
to reveal any trace of granitic or other igneous pebbles, as mentioned 
by Forbes, although they occur abundantly in the alluvial deposits 
ot the valley. That author further describes these conglomerates ' 
as comprising the lowest beds of the sequence; but it seems 
clear, from their easterly dip, that they must overlie a considerable 

1 Q. J. G. S. vol. xvii (1861) p. 38. 
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thickness of the chocolate sandstones to the westward, which for 
some distance dip in the same direction. | 

My reason for regarding the sandstones . 
ta] and conglomerates of this series as of 

much earlier date than the gypsiferous | 
Cretaceous sandstones is, that they can 
be traced far to the north along the west 
side of Lake Titicaca, where they appear 
to be continuous with the limestones and 
sandstones of Carboniferous or Permo- 
Carboniferous age, and are distinct from 
the overlying transgressive Cretaceous 
deposits. 

San Pablo 

sandstones and breccias. 
(c) The Carboniferous or Permo- 

Carboniferous Rocks of the 
Titicaca District. ; 

Though a few derived fossils are met 
with in the conglomerate-beds of Coniri, 
rocks which can be definitely assigned to 
the Carboniferous formation are nowhere 
visible 2 sztw along the Arica—La Paz 
section, and as a geological description 
of the country would appear incomplete 
without some reference to this formation, 
a slight digression must be made to discuss 
its development in the region of Lake 
Titicaca, which lies some 30 miles away 
to the north. Here an excellent section 
is visible along the shores of the lake at 
the Straits of Tiquina, on the Peninsula 
of Copacabana and on the Island of the 
Sun. 

The rocks, which consist of red sand- 
stones and breccias, yellow and black 
shales, and grey cherty limestones, though 
strongly folded, failed to reveal evidence 
of the intense overfolding depicted by 
Forbes.’ 

Unfortunately, several of my notes and 
an excellent map of the district were, 
among other possessions, stolen by a 
boatman who transported our luggage 
across the lake, and consequently the 
section cannot be produced in the detail 
with which it was studied; it will serve, 
however, to show my interpretation of 

5 = Red and chocolate-coloured 

Lake Titicaca 

San Pedro 

Seminula ambigua mut., and Spiri- ferina cristata. 

3 = Limestone with Hwphemus cf. indicus, 4 = Yellow and black shales. 

Diagrammatic geological section across the Straits of Tiquina, Lake Titicaca. 

2 = Limestone with Productus cora 

and Spirifer condor. 

1 = Shales. 

1 Q. J. G.S. vol. xvii (1861) p. 49, fig.5. 
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the sequence and the position of the two important outcrops of 
limestone (see diagrammatic section, p. 30). 

The Straits of Tiquina, which form a narrow passage about half 
a mile wide between the northern and southern portions of the lake, 
lie along the axis of a steeply-folded syncline of red sandstone and 
breccia, faulted on its eastern side against Devonian quartzites and 
underlain conformably on the west in the peninsula of Copacabana 
by yellow and black shales, which dip 60° north-north-eastwards. 

The latter are succeeded by a thick outcrop of grey cherty lime- 
stone, containing numerous examples of Huphemus, Spiriferina, 
and Seminula: the last-named occur chiefly in the form of silicified 
casts showing the internal spires. Towards the summit of the hill 
above San Pedro a second and lower limestone appears, which is 
characterized by Productus cora and Spirifer condor. The dip 
here changes to a westerly direction, and the beds appear to form 
the summit of a normal anticline. 

From this locality David Forbes obtained the series of fossils 
afterwards described by J. W. Salter.’ 

In addition to my own specimens, I have examined a number 
of Carboniferous fossils brought back from Bolivia by other 
travellers; these are preserved in the British Museum (Natural 
History), and by the kindness of the Trustees I have been enabled 
to incorporate them in my description of the formation. Some are 
of interest as coming from A. d’Orbigny’s type-locality of Yarbi- 
chambi between Huarina on Lake Titicaca and La Paz; others are 
from Yampupata on the Copacabana peninsula, as also from Arque, 
a locality farther south in the Oruro district. 

Most of the specimens that I have examined appear to belong to 
an Upper Carboniferous or Permo-Carboniferous fauna, showing 
affinities with types described by Chernyshev from the Urals; while 
afew seem more nearly related to Permian forms figured by Waagen 
from the Salt Range of India, and by Girty from the Guadalupian 
fauna of New Mexico. The evidence for this comparison, which is 
more fully stated below, points to the fact that the true fossiliferous 
Lower Carboniferous (or Avonian) of Europe is not represented, or 
remains undiscovered, in this region of Southern Peru and Bolivia. 

FAunaAL LIstT. 

Spirifer condor D’Orb. Sceabriculocostate Productus = Pr. 
Spiriferina aff. cristata Schloth. inca D’Orb. 
Seminula ambigua mut.(Sow.) = 8S. | Enteletes aff. hemiplicata Hall. 
perwviana (D’Orb.). | Rhipidomella sp. 

Productus cora D’Orb. Derbya sp. | 
| 

Productus aff. spinulosus J. Sow. | Hustedia sp. 
Productus semireticulatus mut. | 

Mart. _ Euphemus cf. indicus Waagen. 
Productus antiquatus mut. Sow. 

1 Q.J.G.S. vol. xvii (1861) p. 64 & pl. iv. 
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Paleontological Notes. 

SPIRIFER connor D’Orb. (PIL. IX, figs. 1 a1 ¢.) 

This species, first figured and described by A. d’Orbigny from 
Yarbichambi (Bolivia),’ appears to be a late mutation of Spirifer 
striatus Sow., though sufficiently distinct from it to be retained as 
a separate species. 

It differs from Sowerby’s form, chiefly in the greater expression 
ot certain marked features, which may be regarded as old-age 
characters showing an advanced stage of development. 

A comparison of the two species shows that Sp. condor is more 
acuminate in shape, and possesses a broader area and more fully- 
developed median fold and sinus, which are strongly marked off from 
the lateral portions of the shell. The fold is evenly rounded, its 
steep sides never meeting in an angle, as is commonly the case in 
Sp. striatus. The growth-lines are very numerous and strongly 
marked, and, crossing the well-developed ribs, produce a character- 
istic lamellate surface, aptly described by Chernyshev as resembling ~ 
a tiled roof (dachziegelférmige Zuwachslinien). 

Spirifer condor has frequently been regarded as identical with 
Sp. cameratus Mart., but differs from it in the absence of the 
strongly-marked grouping of the ribs into bundles which is so 
characteristic of that species.” 

A closely-related form, but also differmg in the presence of 
marked rib-bundling, is Sp. musakheylensits Dav., fine examples 
of which are figured by Waagen® from the Productus Limestone 
of the Salt Range. This species agrees well with the Bolivian one 
in the strongly-lamellate character of the ornament and the 
marked development of the median fold. 3 

Spirifer condor has also been described by Chernyshev from 
the ‘cora’ and ‘ Schwagerina’ horizons (Permo-Carboniferous) 
of Timan and the Urals.* 

SEMINULA AMBIGUA Sow., mutation =S. PERUVIANA (D’OrD.). 
(Pl. VIII, figs. 3 a8 c.) 

This species seems to be well represented, both in the Titicaca 
region and in other more southern localities. The specimens are 
well preserved, and in the silicified examples from San Pedro the 
internal spires are frequently visible. The shells show somewhat 
wide variation in shape, but the most extreme types are insensibly 
connected by intermediate forms, and all may be referred to the one 
species. 

1 *Voyage dans lAmérique Méridionale: Paléontologie’ 1842, pp. 46-47 
& pl. v, figs. 11-14. 

* See J. Hall, ‘Nat. Hist. New York: Paleontology, vol. viii, pt. 2 (1894) — 
Introduction to the Study of Paleozoic Brachiopoda’ pl. xxxii, figs. 9-15. 

‘ ‘Salt Range Fossils’ Pal. Indica, ser. 13, vol. i (1887) p. 512 & pl. xly. 
4+ Mém. Com. Géol. Russie, vol. xvi, No. 2 (1902) pl. xii, figs. 1-2, & pl. xxxviii, 

figs. 1-2. 
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A more or less typical example is figured by A. d’Orbigny' under 
the name of Terebratula peruviana. The same species is again 
figured by Salter,” who refers it to Athyris subtilita (Hall). 

The Bolivian shells, however, are of a much smaller size than 
Hall’s species,* and seem to agree more closely with Seminula 
subquadrata Hall.* The latter species does not appear to differ 
to any great extent from the British Seminula ambigua (Sow.), 
of which Dr. Vaughan has shown me examples from the Scottish 
Coal Measures that are quite indistinguishable from my specimens, 
the strongly-marked growth-halts and pronounced nature of the 
median fold showing in general an advance on more typical 
Avonian forms. 

Propuctus cora D’Orb. 
Examples of this species are everywhere numerous in the cherty 

limestones around Lake Titicaca; and, as A. d’Orbigny obtained 
his type-specimens from this district (Yarbichambi), a further 
description is unnecessary. 

An early mutation is well known from the Lower Carboniferous 
of Great Britain, where it has been used as a subzonal index (S,) 
of the Avonian succession.’ | 
A more advanced type, however, 1s the Productus cora from the 

Permo-Carboniferous cova horizon of the Urals,® which differs 
from the British form in its larger size and the possession of well- 
marked spines irregularly scattered over the surface of the shell. 
This old-age feature, unknown or extremely rare in the Avonian 
mutation, is also characteristic of the Bolivian shells, and furnishes 
additional evidence for regarding the limestones in which they 
occur as of Upper Carboniferous or Permo-Carboniferous age. 

D’Orbigny’s original figures‘ are very much idealized, his type- 
specimen being again figured in its natural state by Chernyshev.* 

Typical spinose examples of this species also occur, though rarely, 
in the Upper Productus Limestone of the Salt Range.’ 

Propuctus aff. sPINULOSUS J. Sow. 

This form, which occurs in association with Productus cora, agrees 
closely with Sowerby’s species in the regularly-convex ventral valve 
without a sinus, ornamented with irregularly-arranged, rounded, erect 
tubercles which bear long slender spines.” It is, however, slightly 

1 ‘Voyage dans Amérique Méridionale: Paléontologie’ 1842, pp. 36-37 & 
pl. ii, figs. 22-25. 

2 Q. J. G. S. vol. xvii (1861) pl. iv, figs. 4a & 4b. 
3 See figures, ‘ Nat. Hist. N. Y. Pal.’ vol. viii, pt. 2 (1894) pl. xlvii, figs. 19-21. 
4 Ibid. figs. 7-9. 
> A. Vaughan, ‘ Paleontological Sequence in the Carboniferous Limestone 

of the Bristol Area’ Q.J.G.S. vol. lxi (1905) p. 291 & pl. xxv, figs. 4-4 b. 
& F. Chernyshev, Mém. Com. Géol. Russie, vol. xvi, No. 2 (1902) pl. liv. 
7 “Voyage dans l’ Amérique Méridionale: Paléontologie’ 1842, pl. v, figs. 8-10 
5 Mém. Com. Géol. Russie, vol. xvi, No. 2 (1902) p. 622, fig. 69. 
» W. Waagen, Pal. Indica, ser. 13, vol. i (1887) pl. lxvi, fig. 3. 

!0 See T. Davidson, Mem. Palzont. Soc. ‘ British Fossil Brachiopoda ’ vol. ii 
(1858-63) pl. xxxiv, figs. 18-21. : 

Q.J.G.S8. No. 277. | D 



34 MR. J. A. DOUGLAS ON GEOLOGICAL sEcTIONS [April 1914, 

less transverse, and in this respect resembles Productus wallacet 
Derby, figured by Chernyshev from the cora and Schwagerina 
horizons of the Urals.’ A somewhat similar form, Pr. opuwntia, 
has also been described by Waagen from the Salt Range.* 

Semireticulate PRoDUCTIDS. 

If we except Productus cora and the ‘spinulose’ Productids, the 
remaining examples of the genus all belong to a semireticulate 
group, in which Dr. Vaughan suggests three distinct forms can 
be recognized. In the first the semireticulation is irregularly 
developed and the spines are numerous, in this respect approaching 
a scabriculate type of ornament. In addition to this character, 
the steep sides of the shell and its general outline make it almost 
impossible to separate it from a form which occurs commonly in 
the uppermost beds of the Avonian in the British South-Western 
Province, just below the Millstone Grit and also in the Middle Coal 
Measures. It has been termed a ‘scabriculocostate’ Productus. 
The shell figured by A. d’Orbigny * as Productus inca may also 
be referred to this form, as it shows strong. scabriculate characters, 
and the semireticulation, in common with his other figures, is 
doubtless considerably idealized. ; 

Salter refers Productus inca D’Orb. to Pr. semireticulatus 
Mart., and his figure* possibly represents an example of this 
species, although it certainly, as drawn, bears no resemblance to 
the Pr. inca figured by A. d’Orbigny. 

The remaining two forms Dr. Vaughan considers to represent 
late mutations of Productus antiquatus Sow. and Pr. semireticu- 
latus Mart. The first shows the general shape and regular 
reticulation of Sowerby’s species; but it exhibits a distinct senile 
character in the way in which the radial ribs come together beyond 
the reticulate portion of the shell—thus being considerably reduced in 
number, and leaving relatively-broad flattened spaces between them. — 
At the points of junction the ribs frequently bear spine-bases. 

The specimens that I have determined as mutations of Pr. 
semireticulatus Mart. (Pl. VIII, fig. 6) differ from the above in © 
the irregular nature of the reticulation and in the very pronounced 
nodular character of the intersections between the ribs and the | 
concentric folds, in this respect being ina more advanced stage than 
the typical Avonian forms and similar to those found in the Coal 
Measures. The fusion of the ribs to form intervening flat 
spaces on the skirts of the shell is also observed in this species, 
and suggests a gradual passage to a more _highly-specialized 
semireticulate type with a completely-smooth margin, such as Pr. 
vishnu from the Middle Productws Limestone of the Salt Range. 

1 Mém, Com. Géol. Russie, vol. xvi, No. 2 (1902) pl. xxx, fig. 8 & pl. lx, 
figs. 19-23. 

2 Pal. Indica, ser. 13, vol. i (1887) p. 707 & pl. Ixxix, figs. 1a—2b. 
3 “Voyage dans l’Amérique Méridionale: Paléontologie’ 1842, p. 5 & pl. iv, 

figs... 1B... 
4 Q. J. G.S. vol. xvii (1861) pl. iv, fig. 1. 
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It appears doubtful whether D’Orbigny’s type of Pr. boliviensis 
must rank as a separate species from the above, and little can 
be gleaned from his idealized drawings'; but, if we turn to 
Chernyshev’s interpretation of the species as represented in the 
Urals, we can trace a close resemblance with the Bolivian shells. 
‘This author states that he has seen D’Orbigny’s type-specimen, 
and, as he still retains the specitic name for his Uralian examples, 
they evidently differ somewhat from our common British semi- 
reticulate forms. 

The incipient smoothness of the margin of the shell and the 
nodular character of the semireticulation are also, apparently, 
features of A. d’Orbigny’s species, as is shown by Chernyshev’s 
figures.” 

ENTELETES aff. HEMIPLICATA Hall. (Pl. VIII, figs. 2 a2 c.) 

This genus, of which the type is Hnteletes lamarcki of Fischer 
de Waldheim from the Moscovian of Russia, was reintroduced 
by Waagen, in order to supersede the name Syntrielasma otf 
Meek & Worthen. 

As representative of a subfamily of the Orthide, it includes 
ertain resupinate forms, which show advanced characters suggestive 
of a passage from the Schizophorids to the Rhynchonellids. The 
genus has been fully described by Waagen,’ and it is only necessary 
here to restate a few of its more important features: such as, 
the strong plication of the valves; the presence of a thin blade-like 
median septum between the dental plates in the pedicle-valve; and 
the extreme development of the brachial ‘ crura.’ . The same author 
has subdivided the genus into two groups: ‘ Ventrisinuati’ and 
‘ Dorsosinuati ’—according to the presence of the median sinus on 

the ventral or on the dorsal valve. Such a division, however, 
dloes not appear to be absolute, as in many examples there occurs 
incipient plication of the actual fold and sinus—thus reversing 
the conditions, and suggesting a transition from one group to the 
other. 

The occurrence of this genus in the Carboniferous Limestone of 
Bolivia, represented by a single well-preserved specimen brought 
back by Col. Lloyd from Arque in the Oruro district, is a point of 
‘some interest, for the genus is characteristic of the Middle and — 
Upper Coal Measures in the United States, and survives in the 
Lower Guadalupian fauna of New Mexico and the Permian of the 
Salt Range. Waagen’s species from the Salt Range are almost all 
dorsosinuate forms,* and differ in their more pronounced folding 
from the Bolivian specimen, which bears very close resemblance 
to Hnteletes hemiplicata of Hall from the Upper Coal Measures 

1 ¢ Voyage dans l Amérique Méridionale: Paléontologie’ 1842, pl. iv, figs. 7-9. 
2 Mém. Com. Géol. Russie, vol. xvi, No. 2 (1902) pl. xxxii, fig.5 & pl. xxxv, 

fig. 3. 
3 Pal. Indica, ser. 13, vol. i (1887) p. 550. 
4 Tbid. pl. lvii, figs. 1-8. 

5 D2 
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of Kansas City and Winterset. A form (which also appears to be 
an Enteletes) was figured by A. d’Orbigny*® from Yarbichambi, 
Bolivia, under the name of Terebratula andii, which Waagen com- | 
pares with his EHnteletes ferruginea. This shell differs from the 
form here described in the much greater plication of the valves, | 
the folds being apparently continuous to the beak. 

Another Bolivian example, from the same locality, which may 
probably be referred here, is that figured by Salter® from Forbes’s. 
collection under the name of Orthis resupinata; the drawing appears. 
to represent a ventral view. Dr. E. Schellwien has suggested * 
that the earliest Hnteletes were strongly plicated, while the late 
Permian forms belong to a retrograde series with smooth or faintly 
plicated shells, though this does not seem to be the case in Waagen’s. 
strongly-folded specimens from the Salt Range. There seems,. 
however, to be no definite reason for assigning a faintly-plicated form 

_ toa Permian horizon, as it is natural to suppose that, in the successive- 
stages of its development, the genus attained a strongly-folded 
shell after passing through the intermediate stages from a normal 
Schizophoria. 3 

‘Dr. G. H. Girty ° records a number of species belonging to this: 
genus, of which the forms most nearly related to ours come from 
the Hueco formation, apparently equivalent in age to the Uralian. 
of Chernyshev. 

EveuEemus ef. Inpicus Waagen. (PI. VIII, fig. 5.) 

This genus is one of the subdivisions of the family of 
Bellerophon, being characterized by a more or less globular or 
lenticular shell possessing rounded whorls without an umbilicus. 
The shell is thick, and covered by a variable number of spiral folds. 
or ridges: these do not adhere firmly to it, but appear to belong to. 
the callosity of the inner lip, being deposited on the preceding 
whorl by the lobe of the mantle after the manner of columellar 
folds. ‘These ridges never reach as far as the outer lip of the 
aperture, thus leaving a portion of the shell smooth. The aperture- 
is never expanded, and the dorsal slit-band is absent or but 
slightly indicated. : 

The genus first appears in the Silurian rocks, and attains its. 
maximum above the Carboniferous. 

Waagen, in describing a number of species from the Productus- 
Limestone of the Salt Range,° divides them into two groups :— 

1 “Nat. Hist. N. Y.: Paleontology’ vol. viii, pt. 1 (1892) pl. viia, figs. 44-52. 
2 “Voyage dans l’Amérique Méridionale: Paléontologie’ 1842, p. 45 & pl. iii, 

figs. 14-15. 
3 Q. J. G.S. vol. xvii (1861) pl. iv, fig. 3. Wae 

_ 4 Die Fauna der Trogkofelschichten’ Abhandl. K.k. Geol. Reichsanst. 
vol. xvi, pt. 1 (1900) p. 4. 

° «The Guadalupian Fauna’ Prof. Paper 58, U.S. Geol. Surv. 1908, p. 290 &. 
pl. xxvi, figs. 1-4 b. ai 

® Pal. Indica, ser. 13, vol. i (1887) p. 165. 
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a group of Huphemus urii Flem.,! in which there are numerous 
columellar folds projecting more or less widely in front of the 
mouth; and a group of Hw. orbignyanus Portl., with much less 
numerous folds, which do not project so far. The latter group is 
abundantly represented in the Permian of the Salt Range, and 
also in the Pennsylvanian of the United States. Waagen further 
suggests a tendency towards diminution in the number of folds 
concurrently with increased development. | 

A well-marked species occurs abundantly in the limestones of the 
Titicaca district, which in general form shows a certain resemblance 
to Eu. indicus of Waagen.” In size, however, it is somewhat 
smaller, and the spiral folds, which are acute and separated by flat 
furrows, are shghtly more numerous than in Waagen’s species, num- 
bering usually ten in an adult shell. In the young shell they are 
still more numerous; but, as one or two die out before the rest, 
there is a diminution in number with increased growth. Thus the 
stages of ontogenetic development appear to indicate the phylogeny 
suggested by Waagen. 

(d) The Devonian Rocks of the Altaplanicie. 

The strongly-marked fault at Coniri, which cuts off the eastward- 
: dipping conglomerates and sandstones mentioned above (p. 29), 

is bounded on the east by vertical shales, with a strike trending 
almost due north, succeeded by strongly-folded olive-green quartzites 
and yellow sandstones with occasional caleareous bands. These beds 
crop out in a series of rounded hills, alternating with broad alluvial 
plains, as far as Viacha, and can be traced far to the north 
through the district of Tiahuanacu to Archacachi. 

Although no paleontological evidence was obtained, they were 
coloured by A. @Orbigny and Forbes as Devonian, while Pissis 

4 regarded them as of Carboniferous age. That the former determin- 
____ ation is correct is now shown by the discovery of Devonian {fossils 
i near the village of Coniri. With the exception of this one locality, 

the rocks appear to be, as a general rule, extremely unfossiliferous, 
e, though rolled specimens of a Phacops of latifrons type are not 

infrequently found among the alluvial pebbles of the plains. 
Of recent years the Devonian fauna of Bolivia has been studied 

i in some detail by various authors, including Steinmann & Ulrich 
& (1892), Kayser (1897), Ivor Thomas (1905), and Knod (1908). 
x The combined results obtained by these authors show that the rocks 
, of this formation can be correlated with the Lower Devonian of 
+ North America, being divisible into two main groups:—an upper 

_ or Humapampa Sandstone, corresponding to the Hamilton Group; 

1 Mr. H. Bolton has recorded Ewphemus urii from the basement-beds of 
the Bristol Coalfield, Q. J. G. S. vol. lxiii (1907) p. 463, and from the Lower 
Coal Measures of Vobster, ibid. vol. Ixvii (1911) p. 338. It has also been 

E described from the oil-shales of the Lothians, Mem. Geol. Surv. Scotl. 2nd ed. 
} (1912) pl. i, fig. 4. 
‘2 2 Pal. Indica, ser. 13, vol. i (1887) pl. xv, fig. 2. 

; 

‘i 
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and a lower or ‘ Icla-Schiefer,’ corresponding to the Helderberg 
Series. The further subdivisions with their characteristic fossils. 
are shown in the accompanying table. 

Group. 

North America. Bolivia. 
, | 

= Ba || 

! | 
ee | Humapampa Sandstone. ; 

Hamilton be } 

Group. { 
Marcellus if . Conularia Shales and con- | 

Shales. ies cretionary limestones. 

| | | : 
Upper Corniferous & | 

Helderberg | Limestone. bee f 
Series. as a 

Be | eS Calcareous sandstones with 
Schoharie Grit. | ES Liorhynchus bodenbenderi | 

ba and Leptocelia acutiplicata. | 
Oriskany | | | am 
Sandstone. Caudagalli Grit. | | “2 

= { 
NN. z | . ‘é 

S Sandstones with Scaphio- 
Lower Helderberg | a celia boliviensis. 

i 

The fossils recorded from Coniri, though few in number, are 
sufficient to assign the beds to the lower part of the ‘Icla-Schiefer’ : 
the upper beds of concretionary limestones and shales with Conu- 
laria, which are abundantly developed farther north in the Puno 
district, being absent or unexposed in this region. 

Faunat List. 

Inorhynchus bodenbender Kayser. Scaphiocelia boliviensis Whitfield. 
Leptocelia acutiplicata (Conrad). Schizophoria sp. 
Leptocelia flabellites (Conrad). 

No evidence has yet been obtained of the existence of Upper 
Devonian rocks postulated by Forbes.’ 

Paleontological Notes. 

LIORHYNCHUS BODENBENDERT Kayser. 

The shells referred to this species, though occurring chiefly in the 
form of casts, are almost identical in appearance with those figured. 
by Prof. E. Kayser? and by Dr. Ivor Thomas.° 

The latter author, comparing the Bolivian with the North- 

FD. J, G. 8. vol. =v (1861) p. 52. 
2 Zeitschr. Deutsch. Geol. Gesellsch. vol. xlix (1897) p. 292 & pl. viii, 

figs. 1-10. 
3 Ibid. vol. lvii (1905) p. 265 & pl. xiv, figs. 31-34. 
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American forms, states that the chief distinction lies in the more 
marked ribbing of the former and in the presence of a narrow groove 
extending from the apex of the brachial valve. As most of my 
specimens are either in a poor state of preservation, or in the form 
of casts, J am unable to express an opinion on this point, although 
obsolescence of the lateral ribs is to be observed in several instances. 

LEPTOC@LIA AcUTIPLICATA (Conrad). (Pl. VIII, fig. 4.) 

'The numerous examples of this species agree closely with the 
form described by Dr. Ivor Thomas.! 

LEPTOC@LIA FLABELLITES (Conrad), as interpreted by Dr. Ivor 
Thomas.’ 

SCAPHIOC@ELIA BOLIVIENSIS, Whitfield. 

The genotype of this interesting shell was first described by 
Whitfield * from near Sucre in Bolivia, and appears to be charac- 
teristic of the lowest beds of the ‘Icla-Schiefer,’ which probably 
correspond to the Lower Helderberg Group. 

The specimen in my collection was obtained by one of the 
engineers from a railway-cutting between Coniri and Viacha, but 
the exact locality was not recorded.* 

(e) The Alluvial Deposits of the Eastern Altaplanicie. 

The folded Paleozoic rocks which form the basement of the 
Altaplanicie disappear from view beyond the town of Viacha, and 
are not seen again until the eastern range, known as the ‘ Cordillera 
Real,’ is reached, where they once more crop out with steep dips 
along the flanks of this lofty chain. The intervening country is 
buried beneath a thick mantle of alluvium, which forms a wide 
desert-plain between Viacha and the Alto de La Paz, attaining 
a mean altitude of nearly 13,000 feet. On the north les 
Lake Titicaca and some distance away to the south Lake Poopoo, 
the two being connected by the Desaguadero River. 

One of the chief points to be taken into consideration in dis- 
cussing the origin of these alluvial deposits of the Altaplanicie 
is the presence at a considerably lower altitude of deep gorges, such 
as that of the La Paz River, cut right through the Cordillera. 
These, from their great depth and the hard nature of the rocks 
which they traverse, would appear to have been in existence at 
the time of maximum extension of the lake-system, and thus must 
have formed a natural outlet to the eastward. 

The fact that there is no evidence showing that at any time the 
waters were diverted in this direction is probably to be explained 
by the supposed existence of a ridge of Paleozoic rocks running 

1 Zeitschr. Deutsch. Geol. Gesellsch. vol. lvii (1905) p. 263 & pl. xiv, 
figs. 36 a—c, 37 

? Ibid. pl. xiv, figs. 35-35 ¢. 
3 Trans. Am. Inst. Min. Eng. vol. xix (1890-91) pp. 105-107 & figs. 1-4. _ 
4 See also R. Knod, Neues Jahrb. Beilage-Band xxv (1908) p.555 & pl. xxix. 

figs. 1-5. 
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west of the La Paz valley parallel to the main Cordillera, com- 
parable with the ridge which Dr. J. W. Evans has shown to form 
a watershed between Lake Titicaca and the valleys of Illabaya 
and Sorata. 

Such a ridge would have divided the eastern Altaplanicie into 
two parts. On the west probably existed a depression of no great 
depth, which was levelled up by a widespread alluvial covering of 
gravel and marl with recent freshwater mollusca, during a long 
period of gradual recession of the lake- waters, and also on the south- 
west by a series of gravel-terraces left by the Desaguadero River as 
it deepened its course in the underlying Cretaceous sandstones. On 
the east existed a much deeper longitudinal depression, which was 
probably distinct from that of the lake-system, for it is extremely 
doubtful whether the waters of Lake Titicaca ever overstepped the 
intervening barrier. This eastern depression lay parallel to, and at 
the base of, the Cordillera; it, also, was completely filled up by a 
vast accumulation of alluvial detritus. 

Its great depth is well exhibited in the valley of La Paz, which 
has been excavated by the river to a depth of over 1600 feet with- 
out reaching bed-rock. The almost perpendicular sides of the 

' valley are composed of horizontally-bedded clays, sands, and gravel 
containing large boulders of granite and Paleozoic quartzite derived 
from the adjacent Cordillera; these deposits are, in places, highly 
auriferous. Near the summit, as noted by Forbes, occurs a con- 
spicuous white band of volcanic tuff. 

With regard to the mode of infilling of this deep depression, if it 
be assumed that a breach through the Cordillera was already in 
existence, as appears probable, it might be suggested that during 
the final stages of elevation of the range the water-supply was 
diminished with the extension of the glaciers; and the La Paz 
River was unable to excavate its bed with the rapidity necessary to 
keep the outlet sufficiently open to allow of the removal of the 
torrential or fluvioglacial deposits, which, it may be supposed, were 
subsequently swept down in vast quantities from the Cordillera by 
the melting ice at the close of the Glacial Period. 

Before discussing the origin of Lake Titicaca, it is first necessary 
to give a brief description of the gravel-terrace deposits of the 
Desaguadero. This river, flowing southwards from Lake Titicaca 
to Lake Poopoo, crosses the line of section near the village 
of Calacoto, where it is jomed by its main tributary, the Mauri. 
Between this point and the village of Callapa three distinct 
terraces are visible at different levels. 'The highest, situated some 
200 feet above the present river, is well developed in the neigh- 
bourhood of Ulloma, where it is plainly seen lying horizontally 
on the upturned edges of red Cretaceous sandstones. It is made up 
of sands, clays, and coarse quartzose gravels, the last-named being 
often cemented into a compact siliceous conglomerate. It is highly 
fossiliferous in this locality, and a number of mammalian bones 
were obtained, all of which also occur in the Pleistocene Pampan 

| 
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formation of the Argentine Republic. These were kindly identified 
for me by Dr. C. W. Andrews. They include the following :— 

Mandible of Mastodon (2) andiwm, a very old individual, with the surface 
of the teeth almost completely ground down. 

Small mandible, with the two last milk-teeth (mm. 4), of Mastodon 
andium. 

Right and left femurs, right radius, and a number of vertebre of 
Mastodon ; small tusk of Mastodon (2). 

Right humerus and cervical vertebra of Scelidotheriwm sp. 
Right radius of a small Megatherium-like animal. 
Claw of Megatheriwm (?). 
Phalanges and metacarpal of Parahippidiwm. 

This high-level terrace has a wide distribution on each side of 
the present river-valley, and may be regarded as having been in 
great part laid down under lacustrine conditions: for, at the time of 
its formation, most of the country lying between the existing lakes 
must have been continuously covered by a vast sheet of water. 
Owing to the continued rise of the Eastern Cordillera, the rain- 
fall became greatly diminished, evaporation set in, and the waters 
gradually receded to their present limits, possibly aided in the 
process by slight differential earth-movements. 

As the separation of the two present lakes was thus effected, 
the Desaguadero, which now drains the intervening country, first 
became confined to a definite channel. Its fall, however, must 
have been so slight that constant flooding of the country was 
inevitable, conditions which (even at the present day) are repeated. 
on a smaller scale during any pronounced wet season. 

The existence of lower terraces of more recent date may merely 
indicate the recurrence of marked periods of excessive rainfall, or of 
increased acceleration in the uplift of the country. Apart from 
general considerations of topography, evidence for the former wide 
extension of Lake Titicaca* during a comparatively-late period 
of human existence has been obtained by Sefor A. Posnansky, of 
La Paz, during his explorations among the ruins of Tiahuanacu. 

That ancient metropolis of a pre-Inca civilization, the megalithic 
architecture of which is superior to anything found in the country at 
the present day, is now situated more than 12 miles from the shores 
of the lake, at an altitude of about 110 feet above its mean water- 
level. That the waters of the lake extended to the city at the time 
of its occupation has been clearly proved by Sefior Posnansky,* who 
has discovered among its ruins elaborately-constructed moles and 
artificial canals. This author has also good reasons for supposing 
that the huge idols, and megalithic blocks used in the construction 
of the buildings, were all transported to the locality by means of 
rafts, or balsas, on the surface of the lake. 

1 Lake Titicaca now lies between latitudes 15° 20’ and 16° 35’ S. and 
longitudes 70° 45' and 72° 10’ W. It has been estimated to be about 140 
miles long and 60 miles broad, and its greatest depth is said to be 1700 feet. 
Its elevation above sea-level is about 12,616 feet. 

? He estimates the age of Tiahuanacu as 11,000 years, from calculations 
based on the astronomic orientation of the buildings. 
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Such a rise of water-level, amounting to over 100 feet, would 
cause ali enormous extension of the lake; and, if we judge from 
details of topography, this would have been greatest in a north-and- 
south direction. If, then, this extension can be proved to have 
existed in such comparatively modern times, it is easy to picture an 
earlier state involving the total submergence of the country now 
drained by the Desaguadero. 

The presence of a marine fauna in the waters of Lake Titicaca, 
first discovered by Alexander Agassiz in 1878, has been held by — 
many geologists to furnish strong proof of the elevation of the 
Andes in recent times. The lake is regarded as having originally © 
been formed by an arm of the sea, which was cut off and raised 
during the elevation of the Cordillera to its present altitude of over 
12,500 feet above sea-level. To attempt to solve this question 
without an extensive biological knowledge of the means by which 
such organisms are distributed would be entirely out of place here, 
but since many complications have been introduced by the writings 
of local investigators, I cannot refrain from passing a brief criticism 
on one of the most extravagant of these recent theories—that of 
Lorenzo Sundt. This author considers that the country has under- 
gone the following changes of level since Cretaceous times :— 

Early Tertiary, (1) a rise from the sea, accompanied by great lateral pressure 
and folding. 

Late Tertiary, (2) a depression of 6500 feet. 
(3) a further rise accompanied by folding. 

Post-Tertiary, (4) a depression below sea-level, with the formation of the 
gravels of the Ulloma district. 

(5) a final uphft of 13,500 feet, without lateral pressure or 
folding. 

Such a theory seems to me to be utterly untenable. 
A wide transgression in Cretaceous times over a large part of the 

Andes is a recognized fact; but, so far as I am aware, there is no 
record of any marine Tertiary deposit anywhere in the Cordillera 
at a greater altitude than 3000 feet. The extensive horizontal 
sheets of voleanic ash, etc., of the Mauri Volcanic Series have been 
shown in the foregoing pages to be of Miocene or Pliocene age, and 
to contain traces of a terrestrial fauna and flora; and it is hardly 
possible to suppose that they have been twice depressed below 
sea-level, and re-elevated to 13,000 feet, without disturbance of their 
horizontality. Further, the high-level terrace of Ulloma contains 
abundant proof of a Pleistocene mammalian fauna, and it is quite 
inconceivable how Sundt can regard this deposit as of marine 
origin. 

Proof of recent elevation has also been deduced from the position 
of Tiahuanacu. It has been urged that the present cold and 
barren site, at an altitude where corn cannot ripen, would never 
have been selected as a suitable locality for the support of a thriving 
population, and that therefore at the time of its existence the 
country must have stood at a considerably lower altitude. 

| 
| 
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I am not prepared to deny the possibility of a slight recent 
elevation on these grounds, though climatal changes and the former 
presence of the lake might have completely altered the appearance 
of the landscape. The amount of depression required to reproduce 
suitable conditions for the existence of the city would not appear 
to be very great, if comparison is made with the present city 
of La Paz. It is, however, necessary to suppose a considerable 
elevation since Pleistocene times, to account for the presence of 
a large mammalian fauna at an altitude now almost devoid of 
vegetation. That this elevation amounted to over 13,000 feet, 
as suggested by Sundt, appears to be entirely unsupported by 
facts. The determination of the maximum altitude at which such 
life could have flourished must be left in the hands of biologists, 
to whom we must also appeal for further light on the possibility 

of recent migration of marine life to the fresh waters of Lake 
Titicaca. 

If the lake once formed an arm of the sea, its origin, according 

to my observations, must date at least as far back as Miocene 
times, during which the greater part of the elevation of the Andes. 
probably took place. It would then have formed a lagoon between 
the mainland and the rising Western Cordillera, on which already 
a terrestrial fauna and flora were in existence. The movement 
appears to have been continued since Pleistocene times, and possibly 
within the period of human existence, though it must be pointed 
out that it is hard to reconcile any theory of recent elevation with 
the geological evidence of the former extension of the glaciers 
of the Cordillera in this latitude.’ 

(iii) The Eastern Cordillera and the Amazon Slopes. 

(a) The Paleozoic Sedimentary Rocks. 

The Bolivian Altaplanicie is bounded on the east by the great 
mountain-range usually known as the ‘ Cordillera Real.’ Its snow- 
capped peaks (Illimani, Mururata, Caca-Aca or Huaina Potosi, 
Illampu, etc.) rise to still greater heights than those of the Western 
Cordillera, and are built up entirely by Paleozoic sediments with 
a granitic core. All traces of recent volcanic activity are com- 
pletely absent. | 

Our line of section, as stated above (p. 5), was continued 
from La Paz eastwards across the Cordillera Real down to the 
hacienda of Mururata. A remarkably wet season at the time of 
our visit to this locality, with practically continuous tropical rain 
on the eastern slopes, made detailed work almost impossible. The 
description of this portion of the section is therefore necessarily 
somewhat incomplete, and I do not attempt to give more than 
a rough outline of its geological features. 

1 At the present day. the glaciers of Mount Illimani extend down to about 
15,750 feet. 
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Leaving La Paz and ascending the valley of Chuquiagillo, 
renowned for its rich gold-washings, we soon leave behind the 
alluvial deposits of the Altaplanicie, and beds of dark slates and 
quartzites are met with below La Lancha. These at first dip 
steeply: (60°) south-westwards ; but, towards the summit of the 
pass, they are frequently seen to be much folded. 

With the exception of a few obscure examples of Leptocelia, no 
fossils were obtained. Prof. Hauthal, however, has recorded the 
following from the valley :— Tentaculites sp., Leptocelia flabellites, 
Orthis subcar tnata, Orthotetes chemungensis; and in addition a 
more extensive list of Devonian forms from the neighbouring 
peak of Chacaltaya. These rocks, which were regarded by Forbes 
as Silurian, have therefore now proved to be of Devonian age, 
being merely a continuation of those described farther west in 
the Conin district. All the species recorded belong to a Lower 
Devonian facies. 

The upper part of the Chuquiagillo Valley contains much 
morainic matter and shows abundant proof of recent glaciation. 
The rocks are smoothed, polished, and striated, presenting the 
typical rounded forms of roches moutonnées. Magnificent 
examples of rock-steps and barriers are also of frequent occurrence. 

After crossing the pass of Huacuyo, one makes a steep descent 
down the U-shaped glaciated valley of Pongo, along the sides of 
which is exposed a fine section of dark slates and ereywackes 
with an oécasional band of quartzite. These beds dip almost 
continuously south-westwards (not eastwards, as stated by Forbes ),! 
and therefore underlie the rocks on the western slopes of the 
range, from which they differ somewhat in general lithological 
character. With the exception of countless annelid-tracks, no 
fossils were recorded ; but these slates and greywackes may safely 
be regarded as constituting an older series than the Devonian, 
and have therefore been coloured in the section (Pl. X, fig. 1) as 
Silurian. 

Near the ceaee house of Unduavi, traces of granite were met 
with ; to the occurrence of this rock, however, reference will be 
made later. 

Below Unduavi, the thick vegetation of the tropical forests is 
encountered, and to prove the geological continuity or relations 
of such beds as are shown in the rare outcrops at once becomes 
a matter of extreme difficulty. 

After crossing the spur of Sillutincara, and descending the steep 
valley of the Chairo River, we observed a thick series of black shales 
in the river-bed, 1000 feet or more below the Tambo of Huancani. 
These beds were here found to be almost vertical, with a north- 
westerly strike. (Although no fossils were found in them, they 
appear to occupy the same position as the black shales recorded by 
Dr. J. W. Evans from the adjacent district of Caupolican, which 
contain numerous graptolites identified by Mrs. Shakespear as 
of Arenig age. I have also discovered similar graptolitic shales 
still farther north, in the Inambari district of Peru.) 

1 Q. J. G. S. vol. xvii (1861) p. 57. 
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_ From this point as far eastwards as Mururata Bridge, where they 
are well exposed along the river-banks, the rocks consist chiefly 
of dark slates and shales with a general dip south-westwards ; 
immediately beyond Huancani, however, they are seen to be 
intensely contorted, and they also show signs of folding at the 
second and third bridges on the trail to Coroico. 

In the neighbourhood of the hacienda of Mururata, the 
shales undergo a remarkable change of character, becoming very 
soft and friable, and paler in colour—such as lighter tints of grey, 
purple, and reddish hue, with frequently a silky sheen approach- 
ing that of a phyllite. These beds also appear to agree closely 
with the description given by Dr. Evans of the rocks met with 
in the district of Caupolican, where they were found to contain 
fragments of Upper Cambrian and Ordovician trilobites, identi- 
fied by Mr. Philip Lake (Peltura, Symphysurus, Trinucleus, 
Ogygia, etc.). : 

Dr. Evans considers the peculiar nature of the paler shales to. 
be due to lateritization. In the absence of direct paleontological 
evidence, I have coloured all the sedimentary rocks of the eastern 
slopes as of Silurian age; but, from comparisons with more northern 
districts, there is every reason to suppose that both Cambrian and. 
Ordovician rocks are also represented. 

(6) The Granitic Core. 

Owing to the inaccessibility of the giant peaks of the Eastern 
Cordillera, the nature of the rocks of which they are built up 
has always been a matter of dispute among South American 
geologists. 

The presence of a granitic core has, of course, invariably been 
recognized, from the occurrence of that rock in the form of huge 
boulders in the alluvial deposits of the La Paz Valley. D’Orbigny 
first figured Mount Illimani as a huge mass of granite; Forbes, 
however, denied that this was the case, and represented it as. 
composed entirely of Paleozoic sediments. Later research has. 
shown that neither author was strictly correct. 

Sir Martin Conway has brought back gneiss and granite from 
near the summit of the mountain, while the slopes are known to be 
formed by Devonian slates and quartzites. Prof. Hauthal has. 
also proved this to be the case for Huaina Potosi or Caca-Aca on 
the north and Quimsa Cruz on the south, the central core in each 
case being composed of a coarse granite. 

The high peaks no doubt owe their existence to the resistance. 
offered by this rock to erosive agencies, for its outcrop is not 
‘continuous along the whole summit of the range. 

_ Crossing the pass of Huacuyo, we meet with nothing but 
Paleozoic sediments until Unduavi is reached, some 5000 feet down 
on the eastern side. Here indications are seen of granite cropping 
out in the immediate: neighbourhood; and this is again the case 
near the base of the steep zigzag trail below Huancani, known as. 
the ‘Tunca Queuta’ or ‘Ten Turns.’ 
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Prof. Hauthal describes the granite of the Eastern Cordillera 
as occurring in the form of a laccolite; but the evidence for such 
a mode of origin does not seem to be very strong, and its intrusion 
in the form of a batholith appears to be more probable. With 
regard to the age of the intrusion, there is a considerable dif- 
ference of opinion. - It was believed by Forbes to be of Middle 
Silurian age; but both Prof. Steinmann and Prof. Hauthal discuss 
the possibility of its intrusion in Tertiary times. Apart from 
the metamorphism of the’ Devonian and Silurian rocks with the 
production, according to Prof. Bergt of Leipzig, of andalusit- 
hornfels and knotenglimmerschiefer, little evidence is 
available. The rock differs essentially in mineralogical characters 
from the post-Cretaceous granodiorites of the Western Cordillera, 
and in my opinion there seems to be no valid reason for regarding 
it as other than of Paleozoic age. 

Since marine Lower Carboniferous and Upper Devonian rocks 
-appear to be absent in this district, it would appear that elevation 
of the land took place during those periods, and the movement was 
possibly accompanied by the intrusion of plutonie rock. Such 
a view, however, is purely conjectural, and further evidence must 
be sought before any exact determination of the age of the rock 
can be attempted. 

(A,,,) Granite; Unduavi (Bolivia). 
Macroscopic characters: An even-grained white rock of 

‘granitic texture, composed essentially of clear quartz, white 
felspars, and black biotite. 

Microscopic characters: Quartz abundant, felspars 
turbid, due to alteration into sericite; orthoclase and acid 
plagioclase with fine twin-lamellation (chiefly albite and oligo- 
clase). Several large crystals also occur in the section, show- 
ing peculiar patchy extinction: these appear to be perthitic 
intergrowths of orthoclase and albite. Biotite abundant, 
lark reddish-brown and strongly pleochroic, much altered into 
green chlorite and some epidote. It contains numerous in- 
clusions of zircon with intensely pleochroic halos, and apatite. 

The rock also contains abundant fibrous aggregates of muscovite, 
which appear to. be due to the decomposition of cordierite: some 

. of the latter mineral remains unaltered, and exhibits brown pleochroic 
halos ; it is also associated with brown and green spinellids. 

V. GENERAL SUMMARY AND CONCLUSIONS. 

The foregoing paper gives an account of the geological observa- _ 
tions made during travels through the country comprising the 
frontiers of Chile with Peru and Bolivia, a summary of the results 
of which will serve to give a brief outline of the development of 
this part of the Andes during past geological ages. 

In Cambrian, Ordovician, and Silurian times; the sea covered 
that. part of the country which is now occupied by the eastern 
slopes of the Bolivian Cordillera. In which direction lay the land 
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whence the deposits laid down during these periods were derived, 
cannot at present be definitely stated, though the general trend 
of the mountain-ranges may, even at that early date, have been 
indicated by an elevated chain running parallel to the Pacific coast. 

During early Devonian times, the sea extended over the site of 
the present Eastern Cordillera. Deposits with Lower Devonian 
fossils are known from the Matto Grosso country on the east, 
and, forming the flanks of the high Bolivian peaks, they continue 
beneath the alluvial covering of the eastern Altaplanicie as far 
west as the hamlet of Coniri. Owing to the absence of marine 
Upper Devonian and Lower Carboniferous rocks, a period of land- 
elevation appears to have set in at this time, and the present 
Eastern Cordillera was first raised above sea -level—its rise 
probably being accompanied by the intrusion of the granitic rock 
which forms its core. Though doubtless subjected to repeated 
oscillations, it has probably continued as a land-area down to the 
present day. The sea once more extended its limits, and deposits 
of marine Upper Carboniferous and Permo- Carboniferous age were 
laid down over the Altaplanicie and the Titicaca district. 

With reference to the area under discussion, further historical 
evidence is wanting until Upper Jurassic times. Marine deposits 
of this age form the basement of the Western Cordillera, where 
they are exposed in the deeply cut river-valleys and in the Morro 
de Arica on the coast. Volcanic activity had already broken out, 
for these Upper Jurassic sediments are interbedded with thick 
sheets of andesite, which appear to have been formed as pillow- 
lava in a shallow sea not far from a coast-line. 

The great development of so-called ‘porphyritic conglomerate,’ 
probably of Cretaceous or Tertiary age, indicates a further con- 
tinuance of these submarine volcanic conditions. During Cretaceous 
times a wide transgression took place, and the sea penetrated far 
into the district now occupied by the western Altaplanicie. 
The fossiliferous limestones of the north, however, are here 
represented by shallow-water deposits, consisting of red sand- 
stones and ey psiferous marls; and communication with the open 
sea may have been partly cut ‘off by the accumulation of volcanic 
material on the west. 

In Middle Tertiary times intense folding and elevation took 
place, and the mountain-chains of the Andes were raised high 
above sea-level; as most of the anticlines have their steepest limbs 
on the west, it would appear that the direction of the movement 
was from the east, or towards the Pacific. Dioritic intrusions 
broke through the newly-formed Cretaceous rocks along a line 
running through Corocoro and Comanche, and the Jurassic sedi- 
ments of the coastal region were penetrated by a great batholithic 
mass of granodiorite, which now forms the deep- seated core of the 
Western Cordillera. 

Voleanie activity continued with increasing force, and vast 
sheets of rhyolitic lavas and tuffs were poured over the western 
part of the country; these were succeeded by the trachytic lavas 
which build up the “huge cone of Mount Taapaca, and the andesites 

\ 
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and basalts of Mount Tacora and Chupiquifa. These and other 
high volcanic peaks now constitute the Western Cordillera. To 
the east of these growing cones appears to have existed an inland 
sea or system of lakes, and the extensive deposits of the Mauri 
Voleanic Series were probably laid down in great part below 
water. The great lake-system, of which Lake Titicaca and Lake 
Poopoo are remnants, was possibly cut off as an arm of the sea 
during Miocene times, and gradually elevated to its present 
position. The whole country lay at a considerably lower altitude 
than it does at present, and supported an abundant mammalian 
fauna during Pleistocene times. The glaciers advanced down the 
valleys during the Glacial Period, and retreated once more to the 
mountain-tops, leaving behind them abundant proof of their former 
extension. | 

The uplift continued even during the time of human existence ; 
the rainfall from the east gradually became cut off; and the lake- 
waters receded to their present limits. 
Now we find a vast, arid, high-level plateau, the Bolivian Alta- 

planicie, almost devoid of vegetation and inhabited by a decadent 
race of Indians where once thrived a highly-cultured civilization. 
On the east it is cut off from the densely-forested region of the 
Amazon basin by the inaccessible snow-peaks of the Hastern 
Cordillera, formed of granite and Paleozoic sediments; on the 
west from the coastal deserts of the Pacific Ocean by the giant 
voleanic cones of the Western Cordillera. 

According to Mr. McCurdy, one of the oldest European resi- 
dents of Arica, a slight recent elevation of the coast is suggested by 
the shallowing during the last twenty years of the rocky bathing- 
ground, but that the movement has practically ceased is shown by 
the presence of pre-Spanish Indian burial-tumuli only a few feet 
above high-water level. 

In conclusion, I have to express my best thanks, not only to 
Mr. W. E. Balston, who enabled me to undertake the work, but 
also to many friends who gave me assistance during my stay in the 
eountry; to Mr. Wynne Edwards, Sir John Jackson’s repre- 
sentative in Chile, in charge of the construction of the Arica— 
La Paz Railway, and his assistant engineers, Mr. Clark, Mr. 
McDonald, and many others for their kind hospitality; also to 
Mr. Henry Schumacher, of Tacna, to whom I owe a deep debt 
of gratitude for placing his extensive knowledge of the country at 

- my disposal; and, finally, to Sefor Escutti Orrego, of Arica, and 
to Seftor Don Manuel V. Ballivian, of La Paz, who gave us 
letters of introduction throughout Bolivia. 

I also take this opportunity of acknowledging the kind help 
and advice which I have received from the following geologists 
during the working out of my results:—Dr. C. W. Andrews, 
Miss N. Bancroft, Dr. F. A. Bather, Dr. J. S. Flett, Mr. R. 
B. Newton, Prof. W. J. Sollas, Dr. A. Vaughan, and Dr. A. Smith 
Woodward. 7 
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EXPLANATION OF PLATES I-X. 

Puate I, 

Mount Taapaca (19,145 feet), seen from Putre. 

PLateE I. 

' Eastern entrance to the Jamiraya Gorge, Llutah River, near Patapatani. 

. Puate III. 

Fig. 1. Pillow-lava, Morro de Arica (Chile). 
2. Individual pillows embedded in Posidonomya Shales, at the same 

locality. 

eee PLATE IV. 

Fig. 1.. Bedded rhyolites, tunnel (Kilom. 81), Arica-La Paz Railway. - 
2. Voleanic beds of the Mauri River (Bolivia). 

PLATE Y. 

Intrusion of diorite through Cretaceous sandstones, Comanche (Bolivia). 

PLATE VI. 

| Chocolate-coloured sandstones and conglomerates of Permian age, east 
_of Comanche (Bolivia). 

PLatTe VIL. 

Fig. 1. A,,. Granodiorite invaded by acid magma; Llutah River, near Cata 
(Chile ); showing hornblende (black) in process of solution by 
quartz, and an irregular mosaic of quartz (clear) and felspar. 
(turbid). (In ordinary light, x 16°6 diameters.) See p. 17. 

2. The same between crossed nicols, x 9°3 diameters. 
3. A,. Enstatite-andesite, pillow-lava; Morro de Arica (Chile); augite 

(Au), enstatite (Hn), and- plagioclase (andesine), with poly- 
synthetic twinning, in an opaque ground-mass composed of 
glass crowded with grains and skeleton-crystals of magnetite. 
(Between crossed nicols, X8 diameters.) See p. 11. 

. Augite-andesite ; Mount Tacora (Chile) ; showing parallel arrange- 
ment of felspar-crystals (clear) with marginal zonary inclusions. 
Pyroxenes (tinted): augite. and enstatite, in a hyalopilitic 
ground-mass. (In ordinary light, x9°3 diameters.) See p. 22. 

5. A,,. Diorite; Comanche (Bolivia) ; showing zonary structure of plagio- 
clase, and small idiomorphic crystals of hornblende. (Between 

ae crossed nicols, x8 diameters.) See p. 29. 
6. A,,. Hornblende-augite-andesite ; River. Cano (Bolivia) ; sorghaae as 

crystals of plagioclase (Pl)—andesine with Carlsbad twinning, 
hornblende (Hb) twinned, and showing a resorption - border, 
and augite (Au) with zonary structure, in a hyalopilitic ground- 
mass. (Between crossed nicols, x 8°6 diameters.) See p. 25. 

Puate VIII. 

“(aul the figures are of the natural size.) 

Figs. la & 1b. Macrocephalites sp., Callovian; Morro de Arica, Chile. (See 
peo.) 

2a-2c. Enteletes aff. hemiplicata Hall, Upper Carboniferous ; Arque, 
Bolivia. (See p. 35.) 

3a-3c. Seminula ambigua Sow., mut.=S. perwviana (D’Orb.), Upper 
Carboniferous ; Straits of Tiquina, Bolivia. (See p. 32.) 



Quart. Journ. Geor. Soc. Vor. LXX, Pr. I. 

A
q
i
a
g
'
o
i
j
o
7
 
a
S
o
u
w
e
g
 

‘aYLNqG 
W
O
Y
S
 

Naas 
‘(1334 

SvI'61) 
V
O
v
d
v
y
,
 

L
N
N
O
W
 

‘oqond 
O
Y
 

iT 





Quart. Journ. Geo. Soc. Vor 

J.R-T. Photo. Bemrose, Colio.,Derby. 

EASTERN ENTRANCE TO THE JAMIRAYA GORGE, 

RiveR LLUTAH, NEAR PATAPATANI. 
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Fic.1.— PILLOW-LAVA, Morro DE Arica (CHILE). 
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Fic. 2.— INDIVIDUAL PILLOWS EMBEDDED IN POSIDONOMYA SHALES 
MORRO DE ARICA (CHILE). 

J = A. D. Photo. Bemrose, Cotlo Derby. 
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Fie.l.— BEDDED RHYOLITES. Tunnet, Kit: 8! (Arica-La Paz Raitway). 

Fic.2.— VOLCANIC BEDS OF THE MAuRI RIveR (BOLIVIA). 

J.A.D. Photo. Bemrose. Colic, Derby 
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J.A.D. Photomicro. Bemrose, Collo.,Derby 

IGNEOUS ROCKS FROM THE ANDES (ARICA-LA PAZ SECTION). 
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J.A.D. Photo. Bemrose, Collo,, Derby. 

FOSSILS FROM THE ANDES (ARICA-LA PAZ SECTION ). 
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J.A.D. Photo Bemrose, Collo, Derby 

FOSSILS FROM THE ANDES ( ARICA-LA PAZ SECTION ). 
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Fig. 1._ GEOLOGICAL SECTION THROUGH THE ANDES FROM ARICA (CHILE) TO THE BOLIVIAN “YUNGAS” 
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Fig. 4. Leptocelia acutiplicata (Conrad),-Devonian; Coniri, Bolivia. (See 
p. 39.) 

5. Ewphemus cf. indicus Waagen, Upper Carboniferous ; San Pedro, 
peninsula of Copacabana, Bolivia. (See p. 36.) 

6. Productus semireticulatus Mart., Upper Carboniferous ; Yampu- 
pata, peninsula of Copacabana, Bolivia. (See p. 34.) 

- 7. Posidonomya escuttiana, sp. nov., Oxfordian; Morro de Arica, 
Chile. (See p. 9.) — 

PLATE IX. 

(All the figures are of the natural size.) 

Figs. 1 a-le. Spirifer condor D’Orb., Upper Carboniferous; Yarbichambi, 
Bolivia. (See p. 32.) 

PLATE X. 

Fig. 1. Geological section through the Andes, from Arica (Chile) to the 
Bolivian ‘ Yungas.’ Scales :—Horizontal, 1: 500,000; vertical, 
1: 100,000. 

2. Sketch-map of the country between Arica on the Pacific coast of Chile 
and the Bolivian ‘ Yungas,’ on the scale of 1 : 1,000,000. 

DISCUSSION. 

The PresrpEnt (Dr. A. Srrawan) desired to remind the Meeting 
of the great obligation under which they, as geologists, had been 
placed by the liberality of Mr. W. E. Balston. Mr. Balston had 
not only defrayed the cost of the expedition, but had been fortunate 
in his choice of so competent a geologist. The Fellows had heard 
an able account of the geology of an inhospitable region, and had 
had the opportunity of examining an admirable collection of speci- 
mens; but they had not been told of the great personal risk and 
extreme hardships under which the work had been carried out. 

Prof. Sortas remarked that Mr. Balston, knowing that new 
railways were in course of construction in Peru, had conceived the 
happy idea of sending out an expedition to rescue for Science such 
organic remains as might be revealed in the railway-cuttings, and 
of applying the information which these cuttings afforded to the 
interpretation of the structure of the country. The Author had 
been invited to undertake the work on Mr. Balston’s behalf, and 
had laboured enthusiastically for two years at the task, which was 
one that demanded no common powers for its accomplishment. It 
had not been his good fortune to discover new and strange forms 
of life; but he had made the best use of his opportunities, and had 
thrown additional light on the structure of one of the most 
interesting regions in the world, already rendered famous by the 
studies of such distinguished observers as A. d’Orbigny and David 
Forbes. 

Dr. J. W. Evans remarked that the Author had two great 
advantages over his predecessors just mentioned, whose route he had 
followed. He had had the benefit of the sections exposed by the 

E2 
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railway works, and the period which had elapsed since Forbes 
visited the country had witnessed the development of microscopical 
petrology. Of these advantages the Author appeared to have 
availed himself to the fullest extent. 

The speaker shared the belief which the Author had expressed | 
as to the former greater area of Lake Titicaca. He had traversed 
plains to the north of the lake which bore the appearance of having 
been recently covered by a shallow extension of its waters. He 
could not, however, agree with the Author that the granite of the 
Eastern Cordillera was probably of Carboniferous age—where he 
had seen it in the Tipuani Valley, it showed no signs of alteration 
by pressure; while the fact that an outlier of Carboniferous rocks 
occurred in a sharp synclinal fold near Nube on the Rio Kaka, a 
little to the east of the Cordillera, indicated that the rocks were 
subjected to powerful folding movements after Carboniferous times. 

Dr. A. VaueHan joined in complimenting the Author upon his. 
most interesting paper, and testified to the very great labour entailed 
in the examination of so large a collection and to the wide know- 
ledge of every branch of geology which it demanded. In view 
‘of the fact that here, as in other parts of South America, the 
stratified series represented almost entirely the deposits formed 
during the great transgressions, the speaker asked whether the age 
of the Devonian rocks, in the section just described, was the same- 
as that of the Argentine Devonian (the rocks described by Dr: Ivor 
Thomas); and, furthermore, what was the evidence that this date 
was Lower Devonian rather than Hercynian: that was, transitional 
between Lower and Middle Devonian ? 

Dr. L. L. FeRMor said that, in the transcontinental and Yukon- 
Alaska excursions of the recent International Geological Congress, 
he had had several opportunities of examining the granodiorites of 
the Canadian section of the Cordilleran ranges, and had become 
interested in Prof. Daly’s views on the magmatic stoping and assimi- 
lation of the intruded rocks by the granodiorites of Canada. He 
drew attention to the distinction that the Author had made between 

- the modes of intrusion of the granodiorites and diorites mentioned 
in his paper. The granodiorites had reached their present position 
by replacement, and the diorites by displacement, of the associated 
rocks. Intrusion by replacement seemed, to the speaker, to neces- 
sitate incorporation of the replaced rock in the intruding magma. 
He asked the Author what evidence he had of the assimilation of 

_the invaded rocks by the granodiorites, and whether he considered 
that the acid character of the granodiorite (when compared with 
the diorite) could be explained on that basis. 

Mr. R. B. Newton referred to some brachiopod remains collected 
some years ago by Sir Martin Conway while crossing from Mount 
Milluni to the Huaina-Potosi Mine, at an elevation of 16,500 feet. 
In reporting upon these specimens, the speaker mentioned the 
occurrence of Anoplotheca flabellites as a characteristic Lower 
Devonian form, known also from the Oriskany Sandstone of the 
United States, and from rocks of similar age in South America, 
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the Falkland Islands, and South Africa.’ Such evidence favoured 
the Lower Devonian age of the rocks described by the Author as 
containing this organism, and thus confirmed the previous researches 
of Dr. Ulrich on the geology of this part of South America.’ 

Myr. A. Beesy THompson asked the Author whether, in his 
examination of the Lake Titicaca area, he had discovered indications 
of petroleum. Several years ago a prospecting party sank some 
boreholes a few miles away from the north-western shore of the lake 
near Pirin, and it was said that at depths up to 800 feet oil of a 
specific gravity of ‘840 was struck. It was known that petroleum 
occurred in the Tertiary -rocks of Northern Peru, and now im- 
portant detailed geological studies were being made of a large 
area on the eastern slopes of the Cordillera in the province of 
Santa Cruz (Bolivia), where exudations of oil from beds of supposed 
Jurassic and Cretaceous age had been long known. 

The AurHor, in reply, stated that the chief source of petroleum 
was in the north of Peru; possibly some of the coal-bearing shales 
of the south might be oil-bearing, but he was not aware that they 
were worked for this product. With regard to Dr. Evans’s state- 
ment that the Bolivian granite showed no pressure-phenomena, 
he wished to point out that Sir Martin Conway had recorded 
gneissose structure in the granite of Mount Dlimani. In forming 
an opinion as to the date of the intrusion, the possibility of 
its Paleozoic age merited further consideration, as the absence 
of Upper Devonian and Lower Carboniferous deposits in the area 
suggested a period of continental elevation at that time. In reply 
to Dr. Vaughan, he mentioned that several authors had published 
tables correlating the Devonian fossils of South America with those 
-of the United States, and, applying these tables to the fossils that 
he had found near Coniri, it was clearly shown that the few forms 
recorded were from a Lower Devonian horizon. In conclusion, 
he wished to add that, owing to the kind hospitality of Mr. 
Wynne-Edwards and his assistant engineers, the conditions of 
travel over this part of the route had not been quite so arduous 
as some of the previous speakers had suggested. In thanking the 
Society for the kind reception given to his paper, he also wished to 
express his deep sense of gratitude to Mr. Balston for enabling 
him to undertake the work. 

1 See Appendix to Sir Martin Conway’s ‘ Bolivian Andes’ 1901, p. 386. 
2 Neues Jahrb. Beilage-Band viii (1892) p. 116. 
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December 3rd, 1918.) 
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I. Iyrropwuctory. 

In the present paper I give the results of an examination of the 
fossil floras of the cores of ten further borings in the Coal Measures 
of the central, northern, and eastern portions of the Kent coal- 
field, which have been completed during the last seven years. As 
a rule, plant-remains proved to be abundant in these cores, and they 
have furnished invaluable evidence as to the geological structure of 
the coalfield. The whole of these new borings penetrated much 
deeper into the Coal Measures than those initiated at an earlier 
period in Kent, and thus the evidence of the fossil floras has proved 
to be much more complete than in the case of the cores already 
recorded. In several instances the borings proved the entire 
thickness of the Coal Measures, as developed in those particular 
areas, and in one locality as much as 2705 feet of measures were 
proved. 

One boring, Barfreston, where +2103 feet of Coal Measures 
were proved, lies in the central area, and so does the Tilmanstone 
sinking, from which a few plants were also obtained. Next, we have 
a group of six borings in the northern region, including Goodne- 
stone (with +1718 feet of Coal Measures), Woodnesborough 
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(1549 feet), Mattice Hill (1076 feet), Trapham (1651 feet), 
Walmestone (1201 feet), and Stodmarsh (1075 feet). Lastly, 
there are three borings in a more easterly direction, Maydensole 
( +2565 feet), Ripple (2287 feet), and Oxney (2705 feet). The 
fossil plants which I have collected, as the result of a careful 
examination of the whole of these borings, form the subject of the 
present paper. 

With regard to previous records from the Kent coalfield, it will 
suffice to recall the initial determinations made by my friend Prof. 
Zeiller’ in 1892 and 1894, and my previous paper’ in this Journal 
in 1909. Since then I have recorded* two particularly interesting 
genera, new to Britain, and some of the fossil seeds of the coalfield 
are discussed and figured in ‘ A Revision of the Seed Impressions 
of the British Coal Measures,’ which has recently appeared in the 
‘Annals of Botany.’ * 

The question of the palzobotanical horizons represented in Kent, 
which it was one of the main objects of this work to consider, may 
be more appropriately dealt with at the conclusion of the paper. 
It may, however, suffice to remark here, that, in addition to the 
Transition Coal Measures previously recorded, evidence has so far 
been found of the presence of only one other horizon, the Middle 
Coal Measures, and that there are good reasons for the belief that 
these two horizons alone are represented in the Kent coalfield. 

I would here also express my indebtedness to the officials of 
the Companies owning the borings concerned, and particularly to 
Mr. Arthur Burr and Dr. Malcolm Burr, for their constant courtesy, 
and for the kind way in which they have always facilitated my 
work in Kent. } . 

Il. Tue Barrreston Borne.’ 
(Lat. 51° 12’ N., long. 1° 14’ E.) 

A boring close to Barfreston Church penetrated 2103 feet into 
the Coal Measures, and finished in these beds. The flora of the 
higher 1614 feet indicates that the horizon of these measures is 
the Transition Series. As regards the lower +489 feet, there is 
some uncertainty as to the horizon, although these beds probably 
belong to the Middle Coal Measures. The ‘Transition Coal- 
Measure flora proved to be rich in species and varied. In all, 
thirty-four species have been determined from the higher, and eight 
species from the lower horizon. 

1 Zeiller (1892) & (1894). For full references, see Bibliography, § XV, p. 80. 
2 Arber (1909). 3 Arber (1912). + Arber (1914). 
° Through the kindness of Prof. W. Boyd Dawkins, F.R.S., I have been 

enabled to examine a number of specimens containing plant-remains from the 
Ropersole boring, at depths varying between 1847 and 2021 feet from the 
surface. These specimens are in the Manchester Museum. The only species 
that I could determine, however, were Neuropteris scheuchzeri Hoffm., 
N. tenuifolia (Schl.), and Cornucarpus acutus (L. & H.): the horizon of the 
beds is thus unknown. 
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Transition Coal Measure Flora of Barfreston. 

Frequency: 

So Trates 

' x x =—frequent. 
x X X =abundant. 

l 

Species. | 

| 
| 

EQUISETALES. 

Calamites ramosus AXtis ...... 2.0... .ccc0c ccc cee ec ee eens 
CUsmenmibt 179) SPONEN,, ....... 60. coke eee Rede oe | 
COCR MENGE PESTON, 0.36. osini's Gin nak eneas mance, | 
Dictyocalamites burri Arber! . 
Annularia stellata (Schl.) 
A. sphenophylloides (Zenk.)  ... 2.0.0... cece ccc eee eee ees 
Calamostachys tuberculata (Sternb.) | ee oe 

ee ee 

SPHENOPHYLLALES. 

Sphenophyllum cuneifoliwm (Sternb.) 

PTERIDOSPERME and FILICALES. 

Sphenopteris neuropteroides (Boul.) 
S. schillingsi (2?) Andra 
ef ORG UTAGS Biro ices ca odre rs ih oats samara eeiaa ae 
Mariopteris muricata var. nervosa (Brongn.) 
M. latifolia (Brongn.) 

cer) 

eeecee 

i i i ee i i er a) 

Alethopteris lonchitica (Schl.).................. 005.0000: | 
As conte (Crp ee ee / 
Neuropteris flecwosa Sternb.  ............ ccc ccec ee eee ees | 
IN. ob igita CRSr etre) ae hon... i... 202 coon eens tae 
WN. Levurpoma(e@alegaey okey... 1... siaduuge enue tee aes 
Ne FOPINET UGS ERM, eee ohn on 0's 2s on vs dee sa mts omer 
WN. SCHCUCR ZETA ALGO ee eres os. ac 0s su» ven cd eggwte eae 
N. cf. N. (Cyclopteris) fimbriata Lesq. ............... 
Odontopteris lindleyana Sternb.....................0 005 
Pecopteris miliawr GARRY 2... 2.2.0... 2.5 odode en eeetuenes 
P. crenulate. BromPyy pene. ss nceeeeteee eee 
P. (Dactylotheca) plwmosa (Art.) 
Eremopteris artemisizfolia (Sternb.) ................: 
Cornucarpus acutus (L. & H.)2 

ee a 

ee ee ay 

LYCOPODIALES. 

Lepidodendron lycopodioides Sternb 
Ii. dachotommme Stora yeas ees 0 o)e'. 0. ook tute ee 
Lepidophyllum lanceolatum L. & H. 
Lepidostrobus variabilis L. & H. 

ed 

er 

ee iy 

CORDAITALES. 

Cordaites borassifolius (Sternb.) ............0.0 0.000000 
C. principalis ? (Germ.) i ee ee ee i oy 

CYCADOPHYTA. 

- Pero pyle BD... icxapens sateen sialon ome ans so sage 

1 Arber (1912). 2 Arber (1914). 

- 

XX 

x x 

x 

KKK KR K KKK KH KOK OS RK 

x 

x XxX xX xX XX 

x XK x X 

x 

xox 
x 

xX 
x 
4 

xX 

3 Arber (1912). 
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The number of specimens obtained from the Middle Coal 
Measures was too few to indicate which were the more abundant 
species. . 

Middle Coal Measure Flora of Barfreston. 

EQUISETALES. 

| 3 Calamocladus equisetiformis (Schloth.). 
Annularia radiata (Brongn.). 

PTERIDOSPERMES and FILICALES. 

Sphenopteris obtusiloba (?) Brongn. 
S. (Renaultia) sp. 

| Neuropteris obliqua (Brongn.). 
| N. tenwifolia (Schloth.). 

Pecopteris miltoni (Artis). 

| CORDAITALES. 

| Cordaites borassifolius (Sternb.). 

All the Middle Coal Measure records are common plants, but 
there are several from the Transition Measures of more particular 
interest, in addition to the exceptional specimens of Dictyocalamites 
burri Arber and Pterophyllum sp., already recorded.' Mario- 
pteris latifolia Brongn. (Pl. XII, fig. 4, see p. 71) and Neuro- 
pteris (Cyclopteris) fimbriata Lesq., have not been previously found 
on this horizon in Britain. -Pecopteris crenulata Brongn. (Pl. XI, 
fig. 3, see p. 73) has hitherto been only known with us to occur 
but rarely in the Upper Coal Measures. 

Jil. Tue TinManstone SINKING. 
(Lat. 51° 13’ N., long. 1° 16’ E.) 

In November 1912, when the shafts of Tilmanstone Colliery had 
entered the Coal Measures, the following plants were obtained from 
the highest beds of the measures penetrated by these sinkings :— 

Neuropteris obliqua (Brongn.). 
Alethopteris lonchitica (Schl.). 
Pecopteris miltoni (Art.). 
Pecopteris sp. 

None of these plants are indicative of one particular horizon ; 
but, since the same flora is also found in the highest beds of 
the Barfreston boring, I have little doubt that the measures at 
Tilmanstone belong to the Transition Coal Measures. 

Lepidodendron lycopodioides Sternb. 
Lepidophyllum sp. 
Lepidostrobus sp. 

IV. THE GOODNESTONE Borne. 
(Lat. 51° 14’ N., long. 1° 14’ E.) 

This gerne: near the village of Goodnestone, proved 1718 feet 
of measures, of which I assign the upper 312 feet or thereabouts to 
the Transition Coal Measures, and the lower +1406 feet to the 
Middle Coal Measures, in which the boring ended. A fair number® 
of fossil plants, though not as a rule well preserved, were obtained 
from the higher beds; but the lower were exceptionally barren. 

1 Arber (1912), 
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Transition Coal Measure Flora of Goodnestone. 

The flora of this horizon was very scanty. The following were | 
the only species determined :— 

Calamites cf. C. cisti Brongn. Lepidodendron lycopodioides (2) Sternb. 
Neuropteris obliqua (Brongn.). Cordaites principalis (Germar). 
Cornucarpus acutus (L. & H.). 

Neuropteris obliqua (Brongn.) is particularly abundant. All 
these plants, except Lepidodendron lycopodioides Sternb., have 
been recorded from the Transition Coal Measures of the Walder- 
share boring,’ and that species is known from the same horizon at 
Shakespeare Cliff, Dover.’ 

The flora of the lower horizon is more varied. The following is 
a list of the twenty species determined :—- 

Middle Coal Measure Flora of Goodnestone. 

Frequency. 

: X =rare. 

REPOIee: xX X =frequent. 

xX X X = abundant. 

EQUISETALES. 

Calamites suchowt Brongn. © ........0cccsaeececeetbonre x 
er etace ERE OMNIS 6.7508 osha. anak avegahen anae eee x X 
C. ramosus (?) Art. ...... UR need, Kee. x 
Annularia sphenophylloides (Zenker) ............... xX X 

; | SPHENOPHYLLALES. 

. Sphenophyllum cuneifoliwm (Sternb.) ............... x 
i a 

_PTERIDOSPERMEX and FILICALES. 

| Sphenopteris schillingst Andra .................0.00 06 x 
|  Newropteris schewchzert Hoffm. ©..............c0ce cee eee xxx 
WWE OUI We  AMOMEN:). 2c. cc02.-ssss0cedses-odetegeneles 4 xxx . 

Dy. Genelia k SUMO): Veo... can ess aes eeeened one aes 
IN. Heterapignre POM. i... oo... ans es cnbe camaee tees xX X 

| Pecopteris arborescens ? (Schloth.) ...................4. x ‘ 
| Dictyopteris miinstert (Hichw.) ................eeeecens x 
| EHremopteris artemisixfolia (Sternb.) ...............64. x 
| Cornucarpus acupus (Th. & H..)......:.. 2.0.6. sacceevecans x 
| Mariopteris muricata var. nervosa (Brongn.) ...... xX X i 
| « “Epigonona rpm mers Poets. oases ok... vas eeemabeme x 

| LYCOPODIALES. 

| Lepidodendron lycopodioides (?) Sternb. ............ ; x 
| Lepidophyllum lanceolatum L. & H.............0.0... x X : 
| ~Lepidostrobus variabilis L. & H. ..............000004. x X 

| CORDAITALES. 

Cordaites principalis (Germar) .............0..eeecaeee xx 
OC; borassifolius? (Stormy) vas. <0. cee ce odes. eve cence 

1 Arber (1909). _ 2 Zeiller (1892). 

t 
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Of the foregoing species the most remarkable is the doubtful 
record of Pecopteris arborescens (Schloth.), see p. 73, Pl. XI, 

figs. 2 & 7, which has hitherto been regarded as confined to the 
Upper Coal Measures. ) 

V. THE WoopneEsBporouGcH Borne. 

(Lat. 51° 15’ N., long. 1°17’ E.) 

A boring to the south-west of Woodnesborough, not very far 
from Sandwich, penetrated the entire thickness of the Coal 
Measures in this district, and ended in the Carboniferous Limestone. 
The whole of the 1549 feet of measures proved by this boring 
belong to the Middle Coal Measures. The plant-remains, however, 
were not particularly abundant, and were often badly preserved, 
though thirty-two species were determined. 

~ Middle Coal Measure Flora of Woodnesborough. 

Frequency. 

x = pare. 
xX X = frequent. | 

x X X = abundant. | 

Species. 

EQUISETALES. 

COL Rpbes Gist. TOWN, Fock baw ote hale cas Ceecw en sage’ 
Ree EUR AE SC INE LU 9.0 ee OB een cca aig secs Asaals siamese aes | 

Calamocladus grandis? (Sternb.) ...............00005 
| GC lamaiovuis (SECT) hoo otek ecco seine ces cae denhe ne 
| C. equisetiformis (Schl.) ........ i Ma OSE Se URN ap oe 

Annularia sphenophylloides (Zenker) ............... 
| A. radiata GREER eee ate ti ac Cine Sra ew eras: | 
| Calamostachys longifolia Weiss XxXXKXXKKXXX 

SPHENOPHYLLALES. . 

Sphenophyllum cuneifoliwm (Sternb.) ............... 
S. cunetfolium var. saxifragefolium Sternb.......... x X 

PTERIDOSPERMEZ and FILICALES. 

Neuropteris scheuchzert Hoffm. .................60.0 006 x X | 
PCLT So 0: oy a i ee ne MAK | 
WN, heterophaiia’ Brongn. (200222...) i i lea ene | x 
IN. tenivipolid’ (SCHIOE.)) 4. foes ce aed ag dae ps yee os | *K xX | 
N. ovata Hoftm. | Ci eo eC i i i i eC ec ot ee ees 

Sphenopteris cf. S. lawrentt Andra ...............65 
S. obtusiloba Brongn. | 
S. (Renaultia) schatzlarensis Stur ...............-- | x 

x 
Dictyopteris miinstert (Hichw.) ...........6-..sce eee | x 

x 
x Cr ee i i ee ie aa 



a WO, ee 

? i 

ole 

: 

.| 
} 

| CORDAITALES. 
| 

|  Cordattes borassifolius (SternD.) ............. 2060. ceee es 
©. prometpalis ? (Germ.) .., 26.5.3 2h. c sk vce en ee ebes Bee 

| SEMINA INCERTZ SEDIS. 

| Samaropsis meachemi (Kidst.) | 
RS IRAE UNI) 88 ono cig vin ong v vin «ous waked ae ne es | 

Or 
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MippiE Coat Measure FLORA Frequency. ee 
} oF WOODNESBOROUGH (cont.). 

— eae 7 

| i = frequent. | 
—— ne xX X X = abundant. | | 

| 

| > | 
| PTERIDOSPERMEZ and FILIcauEs (cont.). | 

_ Eremopteris artemisizfolia (Sternb.)  ............... x | 
| Cornucarpus aeutus (i. & H.) ..........2. 600. sesece xX 
|  Pecopterts anthiont (ATKh:)) 25 <0... 50 eee ev ese cawnte eee E> 
| P. (Dactylotheca) plumosa (Art.)  ..........06-:00ee oe x 
| Mariopteris muricata (Schloth.) ...................0000 | x | 

5 

| LycoPoDIALES. | 

| Lepidodendron lycopodioides (?) Sternb. ............ x | 
| Stgillaria tessellata (Steinh.) ........c.2..ccceececserees x 
| Asolanus camptotenia Wo0d ..........06.00cceceneee ees x 
| Lepidophyllum minus Goode .............6.cceeeeceeees x 

Lepidostrobus variabilis L. & He... cece cee ees x | 

| 

| 

Of the foregoing records, Neuropteris ovata Hoffm. had not 
been previously found below the Transition Coal Measures. Here 
it occurs near the top of the Middle Coal Measures. 

Samaropsis meachemi (Kidst.) is a rare seed, only known from 
the Middle Coal Measures in a few localities, 

VI. THE Marrice Hitt Borine. 
(Lat. 51° 15' N., long. 1° 20' E.) 

A bine at Mattice Hill, midway between Sandwich and Worth, 
and close to the railway, proved 1076 feet of Coal Measures 
before entering the Carboniferous Limestone. The beds penetrated 
consisted chiefly of shales, which were exceptionally rich in well- 
preserved fossil plants. Further, owing to the extremely large 
size of the cores, which in some cases exceeded 30 cm. in diameter, 
many excellent specimens were obtained, and this boring has so far 
proved to be the richest in fossil plants that has as yet been put 
down in Kent. No less than forty species have been determined — 
from these cores, and these indicate unmistakably that the whole 
of the Measures penetrated here belong to the Middle Coal 
Measures. 
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Middle Coal Measure Flora of Mattice Hill. 

Frequency. 

Species. aj aare 
oy xX X = frequent. . 

x X X = abundant. 

EQUISETALES. | 

Calamites ramosus Art. x 
MTU ee RRND Bi 2 STs oe 5 loi se gids es wep? | ESE . 
C. suckowi Brongn. x xX | 

ee ee i ee ee ee | 

rn USNS or eg Oa oe a | x | 
oe RPE aR: rege ee ly ta ss le ) x 
Calamocladus equisetiformis (Schloth.) ............... ; x 
On bamgipolius<(SrOrul:) 2. ice seas tens vee es cue beds osas 0 . x 
Annularia sphenophylloides (Zenker) ............... > 
Pi TUDE) (BEOWEE.) inn. voen veins cb tie dedeceSoned cvs | xX X 
nna (Ea 00 ERA)! 55659 Setcinnicnc ces seat sdactsedtedess | x 
Calamostachys germanica Weiss ..............000000 . xX X 
C. longifolia Weiss 5 

SPHENOPHYLLALES. 

Sphenophyllum cuneifolium (Sternb.) 
S. myriophyllum Crép. 

PTERIDOSPERMEZ and FILICALES. 

Neuropteris scheuchzeri Hoffm. ....................0055 x 
Monn (COHEN. ef. oc Ne. «eae wae 5 Sodas we pele 
N. acuminata ? (Schl.) ......... | SEO OY NODS eE DASA Ee x | 

Waotommbsften (Ochloth.) os. oko. oles steeseeeceee>- ee @ 4 : 
We mganies ¢ (Sternb.) 62 5h oes nae Diss dS 
Dictyopteris miinsteri (Eichw.) 
Alethopteris decurrens (Art.) 

i oe ee eee a | 

x 

Sphenopteris obtusiloba Brongn x 
Mariopteris muricata (Schloth.) ..................0..02. SEX 
Pecopteris crenulata Brongn, ...................00.2000: 
P. milton (Art.) 

ee ee ee ey 

SEMINA. 

Cardiocarpus gutbiert Gein. ........ 00.6... cee ece eee ees | 
Platyspermum rugosum Arber xX X a a ary 

LYCOPODIALES. 

Lepidodendron ophiwrus Brongn. ................... | x 
Lepidophloios laricinus Sternb. .................6 00000: | ESL, 
Mime is (Puede Hay es Dee Rl ot | x 
PPI EMEP ORD ODULTAD. SHUTEV 5 86028 coe oes viv gas see tow ee baie des | xX 
oa er oc: Ly ie es, ae x 
ep oh Se: ee a ee x 
Bothrodendron punctatum (Li. & H.) .................. x 
Lepidophyllum lanceolatum L. & H................... x 
L. minus Goode ) x 

CORDAITALES. 

Cordaites borassifolius (Sternb.) .....................56- x 
Cordaicarpus cordat Gein...) . 0. io. csdeie ccc as cueeee 
Cordaicladus approximatus Ren. 
Cordaicladus sp. nove i ee ae | 

a 
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VIL. Toe TrapHam (WineGHAM) Bortne. 
(Lat. 51° 16' N., long. 1° 12' E.) 

A boring at Trapham, near Wingham, penetrated 1651 feet of 
Coal Measures before passing into the Carboniferous Limestone. 
The whole of the measures of this boring appear to belong to the 

_ Middle Coal Measures. The following sixteen species of fossil 
plants were obtained from this boring, which did not prove to be 
very prolific of specimens; nor were these, as a rule, well preserved. 

Middle Coal Measure Flora of Wingham. 

Frequency. 

Species. 5 See 
serehae xX X = frequent. 

xX X X = abundant. 

| EQUISETALES. ! 

Annularia radiata (Brongn.) .c.cccecsceccaneceseess snes xX X 

_| SPHENOPHYLLALES. ; 

Sphenophyllum cuneifoliwm (Sternb.) ............... x 

PTERIDOSPERMEZ and FILICALES. | 

Sphenopteris obtusiloba Brongn.  .............0e eee x 
Newropteris scheuchzert Hoffm. ................cccee eee 4 $; 
WereniifoummasenlOth,)” 5... ..... ss est saeeeatinn eedenmee x xX 
HHA POE TE SEOTION.) Ss s/s slat vite eeluee ee eee xox OX 

| Alethopteris lonchitica (Schl.)...............c:ccecces oes x . 
Pecopieris milton (Art)... 0.00.00. vive sedeessadnenens x | 
P. (Dactylotheca) plumosa ? (Art.) 1.0... 0. eee x 

|  Mariopteris muricata (Schloth.) .................000cen- 4 | 
Eremopteris artemisizfolia (Sternb.) .................. ps | 
Cornucarpus acutus (L. & H.) ow... cence eases X | | 

LYCOPODIALES. | 

Lepidophyllum lanceolatum L. & H. ..... eee eee xX X 
Sigillaria elongata Brongn...............6...5 ee en, 4s * 

_ CORDAITALES. 

Dorycordaites palmezformis (Goepp.) ...ceseccceeceeees pe 4 
Cordaites borassifolius (Sternb.) ............... cee eeeees ee 

VIII. Tue Waumestrone Borine. 
(Lat. 51° 17'N., long. 1°14’ E.) 

A boring put down at Walmestone, north of Wingham, proved 
1201 feet of Coal Measures, and then passed into the Carboni- 
ferous Limestone. The flora was found to be large and varied 
(thirty-three species), considering the comparative shortness of 
the core. 
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Middle Coal Measure Flora of Walmestone. 

Frequency. 

xX = rare. 

x X = frequent. 
xX X X = abundant. | 

Species. 

Calamites undulatus Sternb. ..........00.cccecceeeeeees 
De DRLONNG: PU seta SONS ek ea ee ee ae 
C. cistt Brongn. 
C. varians Sternb. 

oo oo 

ee ee ee i a er) 

ee ee ee ee ee ee - 

ee eo 

PEGI OUIULG (SORDID). 0k fa cu so a- nc: sma eecinbe saa nes 
Calamostachys sp 

EQUISETALES. 

x &X 

XXXX XX XY y% 

SPHENOPHYLLALES. 

S. myriophyllum Crép. 
Sphenopnyllostdchys Sp... 2.5 <j. 002 lites ewe % sce eed snes es 

ee er ee eo oe i 

PTERIDOSPERMEZ and FILICALES. 

Sphenopteris obtusiloba Brongn. 
S. (Renaultia) schatzlarensis (Stur) 
Neuropteris tenuifolia (Schloth.) 
alas (ASPOMIM Joey... nots on cbGasodanseeibaaonsed 
N. scheuchzert Hoffm. 
N. gigantea (Sternb.) 
Dictyopteris sp. 
mlemmaprerts ‘alida, Bonk.” ooo askatecesc cso ee 
Lonchopteris rugosa Brongn. ...............0cecce seen: | 
Teropiermann nian (ATE ei ik idee a veers de ov teens | 
Mariopteris muricata (Schloth.) ..............0.0.0005. 
Eremopteris artemisizfolia (Sternb.) .................. | 
Tg, Aa Sg ee Se | 
PPAR I ais oh cm on cca wen co Beles ee v0 
DMMUMOPMAEDRS, 1A cst Pa ee A ke 

x X 

x KKK KK K XK 

x X 

a ay 

Sphenophyllum cuneifoliwm (Sternb.) ............... pe 4 

PO It ORNS ART SEEDED I OE OA OT AE OL ALN NCA NA 

x 

RK ARAMA y 

LYCOPODIALES. | 

Lepidodendron lycopodioides Sternb. .................4) 
ME TIRE ECON oo ec Sosa acion cnet semnbanice cd view 
gS 7c re eee a 
Sagitlaria rugosa Brongn: ? .............00cescenseesdeves | 
po a ots | ne ee eee ae 
PEN CRMI PENI Bah FON ia aoe has eS hehe) dougNo » vv 
Lepidophyllum intermedium L. & H. 
L. lanceolatum L. & H. 

ee | 

ce) 

xxx KKK KK XK XK 

| CORDAITALES. 

Cordaites borassifolius (Sternb.) ............ 0.4 .c0cee ees xX X 
DEE re NC ee ee ee ae | x 
Dorycordaates Bp. oie... cca sec evess errs Pee anton: x 
COREE ( APTUOI IB..  o. iesga canescens ovna cen oss soasee x 
Cordaicarpus cordat Gein, .......1ccc0sseseccascessenses x 

my as} & i=) iva) > is) o - oy ba a =: Ges 2. Ss: ~H Ee & a 



64: DR. E. A. NEWELL ARBER ON THE [April 1914, 

IX. Tue StopmarsH Borie. 
(Lat. 51°17' N., long. 1° 10' E.) 

In another boring put down at Stodmarsh, near Sturry, 1075 feet 
of Coal Measures were penetrated, and the Carboniferous Lime- 
stone below was also proved here. Plant-remains were fairly 
abundant and well preserved. The following twenty-five species 
from the Stodmarsh boring constitute a typical Middle Coal 
Measure flora :— 

Middle Coal Measure Flora of Stodmarsh. 

Frequency. 

x = rare. 

xX X = frequent. 
xX X X = abundant. 

Species. 

EQUISETALES. 

Calamates cit SIGNER <.2.......... 2.02.4... Sheet 
Oe gsr SPR ees cL... 2. co ae 
ER ey Ses 8 ee ae | 
Calamocladus equisetiformis (Schl.) .................. 
Oehareporm@is SeREOD,) o.2 2.5.5 es toe he daee 
Annularia radiata (Brongn.) ...................0.00000. 
Calamostachys germanica Weiss .................000: 

x 
Ky XX XK XK 

SPHENOPHYLLALES. 

Sphenophyllum cuneifoliwm (Sternb.) ............... x 

PTERIDOSPERMEZ% and FILICALES. 

Sphenopteris obtusiloba Brongn. ..................... 
S. (Renaultia) schatzlarensis ? (Stur) ............... 
Neuropteris scheuchzert Hoffm. ........................ 
[DS OOS A CET 8 i mre 200s pL 
We emuagaiims (SGHlOGR.)) -........... ... 0 ess ccacpeee ewes 
[OE ES oP 8 oe 
Peeopterss malian (ATE)? ......... 2.2... 0.000. .caeneeee 
Lonchopteris eschweileriana Andra..................... 

xX 

KK SK KM 

x 

LYCOPODIALES. 

- Lepidodendron lycopodioides Sternb. .................. 
A go Se nS eee 

I, Gichatomum (ereraD,) © 20... --.......-.. cic e cece nee 
Lepidostrobus variabilis L. & H............. 0.0 ..6..60.. 
Lepidophyllum minus Goode ............... 00. .ce cee ees xX XK KX 

CORDAITALES. 

Cordaites borassifolius (Sternb.)  ...................5. x X 
OC. primcipalia (Germany 7 otiei.<. oi. is. ses cence cee even 
Cordaicarpus areolatus? (Boul.) ..................04. 

SEMINA INCERT SEDIS. 

Radiospermum perpusillum (Lesq,) ............-...6: x 
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X. THE MsyYDENSOLE BoRING. 
(Lat. 51° 10' N., long. 1° 18’ E.) 

A boring at Maydensole Farm, near West Langdon, penetrated 
to a depth of 2565 feet in the Coal Measures, without proving the — 
entire thickness of the measures as there developed. The higher 
portion of the beds passed through (about 1156 feet) appears to 
belong to the Transition Coal Measures. The lower beds, about 
1409 feet, are attributed to the Middle Coal Measures. The floras 
of both horizons are comparatively poor, fifteen species being 
identified from the higher and ten from the lower horizon. 

Transition Coal Measure Flora of Maydensole. 

| Frequency. | 

Species. | < = rare. 

x X = frequent. | 
‘XX X = abundant. | 

EQUISETALES. 

Calamates suckow?t Brongn. cc... cece e ccc ccs cee cesses . x 
Annularia radiata (Brongn.) ...............0.0scceee cee cee! Sx | 
A. sphenophylloides (Zenker) ..............6... 0.6 cece | Xx / 

SPHENOPHYLLALES. ) | ) 

Sphenophyllum cuneifoliwm (Sternb.) .................. | x | 
| 

| PTERIDOSPERMEZ and FILIcALEs. | 

Neuropteris scheuchzert Hoffm. .................. 00 .0c00s Se | 

UD NMA ROMAN ON Ae soy E Roose ost whe cca hs del See sins x 
MORE MNUIRS. ASTRON dd. on asl ne 68 Se wna os ade e's * xX | 
SEU ARS 20S) Oo A a ee a ee < 
MC REMb Ole (PIEINGEA.) 6 ooo 5). cf ada d cocoa) o debs ove aes Xx | 
Pecopteris miltoni (Artis) ........... Sao ieee Leh it are am x XX 
Mariopteris muricata (Schloth.)  ...................0.00.. Xx X 
Eremopteris artemisixfolia (Sternb.) .........0........... Xx 
Cornucarpus acutus:(Li. & FH.) oo... cece sce deeece ees | Xx : 

LYCOPODIALES. | 

Lepidodendron lycopodioides Sternb. ..............0.2.0.. x 

oe Lepidophyllum lanceolatum L. & H...............0 0.00. 

0.3.6.8, No. 277. ey 
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Middle Coal Measure Flora of Maydensole. 

Frequency. 

- xX = rare. 

| epee. x X = frequent. 
es xX X = abundant. 

EQUISETALES. 
| Calamites undulatus (2?) Sternb.. ............ ccc cee eceeee | pss 

Annularia sphenophylloides (Zenker) ................4. . x 

SPHENOPHYLLALES. . 
Sphenophyliostachys (7) Sp. ...-....0..0sseteeees ctnsaeeds x 

| PTERIDOSPERME and FILICALES. 
Newropteris schewchzert Hoffm. ...............20 cence eee eee! xX X 
Netenurolan (Sehbloth.). ..................,..0aneueeet pee ) x 
OUTAGE MISEODON.) 92.2. 2... sie veo cne ene eee eer x xX X 
Alethoptens serit (Brongm.).:.......:5.:..cebicn enn Slade obs ) x 

| LYCOPODIALES. 
Lepidophyllum minus Goode ............ sce ccs eee nee ces x X 

| Hepidostrobus variabilis L. & H.  ... 2... cence estes x 

| CORDAITALES. 
Cordaites borassifolius (SternD.)..........0..cecgeceeeseeee 

| Dorycordaites palmeformis (Goepp.) ............cee eee 
| 

xX X 

XI. Tuer RrpeLte Borie. 

Chat, 51° 12’ N., long. 1° 21 E) 

A boring at Ripple penetrated 2287 feet of Coal-Measures, a 
also proved the Carboniferous Limestone below. 

The Transition Coal Measures here appear to be 518 feet thiek, 

Transition Coal Measure Flora of Ripple. 

| 

P. (Dactylotheca) plwmosa (Art.) var.dentata (Brongn. ) 
Cornucarpus acutus (L. & H.) ...... Pegs seds bass n+ 2a oe . 

LYCOPODIALES. 
Lepidophyllum lanceolatum L. & He... cece eee x 

Frequency. 

: < = rare. 
. peeetes. | xX X = frequent. 

XX X = abundant. 

ae 
EQUISETALES. 

Annularia radiata (Brongen.) ...........0.00cereeeceeeceres x 

SPHENOPHYLLALES. ; . 
Sphenophyllum cuneifoliwm (Sternb.) ..........66... 05. . x | 

PTERIDOSPERMEZX and FILICALES. | ) : 

Neuropteris scheuchzert Hoffm, .....................0000e . xX X 
TURIN P| eae Gates tL) SU)” eo oo eee ba . x . 
N. tenwifolia (Schloth.) ...... Dd ss cod sayin ah ee . x | 
Kg doe Piso A 02) 9 thn eh Oe | pg | 
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and the Middle Coal Measures 1769 feet in thickness. The flora 
of the Transition Measures proved to be very scanty and badly 
preserved, only nine species being determined. 

The number of species (25) obtained from the Midde Coal 
Measures was larger, although this flora, as a whole, was again 
comparatively poor. 

Middle Coal Measure Flora of Ripple. 

Frequency. 

: x = rare. 
Species. x X = frequent. 

xX X X = abundant. 

EQUISETALES. 

Aap MNE Ge Citi TICOOBI occ ss os sno heek sca casene ee son x 
AT NT © Poco is = be oe a 2 x 
Anmularia radiata (Brongn.) ... ....2. 2002... 65 ccc lees KK 
A. sphenophylloides (Zenker) .................00ce cee eceees x 
sO: | ee ee ee oe + ae 
Calamocladus equisetiformis (Schloth.) ..................| x X 
ote bela) a ee a a Xx 

‘SPHENOPHYLLALES. | 

Sphenophyllum cuneifolium (Sternb.), var. saxi- | ~~ 
Fragefoliwm migenb.| 

PTERIDOSPERMEZ and FILICALES. | 

Neuropteris scheuchzert Hoffm. ...............-cee2.-e0e: | x 
We venuselan (cmon ob. och io. cs. a as ack sence . oe x 
Mt itamiaa feieciy ere ghia ae | x x 

. Alethopieris decwrrens (Art.) 20.22.6000. 620s ieee ss ss ) x 
. Mariopteris muricata (Schloth.) .............2..0..0. 20.24. . mi x 
q POC OBPCWER MNAIEORY GARG ois 50. 50 ce oss hada csaady vue dences . x 
y Eremopteris artemisizfolia (Sternb.) ..................... xX XX 

Cornucarpus acuius (Li. & TH.) oo... eis xX X X 

; LYCOPODIALES. ; | 

A Lepidodendron lycopodioides Sternb. .................. 4 
. a EVE ROCCO oo P55) 8. oo saw is vupnveiddaee cubes sen | * 
: enmomiinm SUBD. oe. cise. dn. iv eves id sat cad suas. ) x 
4 Lepidophyllum lanceolatum L. & H...................... ) x 
i Lepidostrobus variabilis L. & H. ............ 0.0.00 cca ees ps 

; CORDAITALES, : 

: Cordaites principalis ? (Germ.) ................6ccec eee ees x 
pe SOE (00a a se xX 
Dorycordaites palmexformis (Goepp.) ...........6... 60.00: ) x 
Cordaianthus pitcairnie (L. & H.)............... 0.0. ce eee x 
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XIL. Tue Oxyery Borrne. 
(Lat. 51° 10' N., long. 1° 21’ E.) 

A boring, near Oxney Court, proved 2705 feet of Coal vices 
and then passed into the Carboniferous Limestone. ‘The higher 
portion of the measures (about 778 feet, but the exact amount is 
uncertain) probabiy ought to: be referred to the Transition Coal 
Measures, on the evidence of the fossil plants. The Middle Coal 
Measures are estimated at 1927 feet in thickness. The floras of 
both horizons are representative, nineteen species having “been 
determined from the Transition, and. connate species from the 
Middle Coal Measures. 

Breeton Coal Measure Flora of Oxney. 

Frequency- 

! . ; xX = rake, 
Pp ecies. x X = frequent. 

. x x xX = abundant. 

-EQuisETAaLes. 

— Oalamiites ramosus Arb. 00... .ccccceee ccc cee nen cee eee e eee | x 
Annularia sphenophylloides (Zenker) .................. | x X 

SPHENOPHYLLALES. | 

Sphenophyllum cuneifoliwm (Sternb.)...............060065 * 

‘PrERIDOSPERME® and FILICALEs. 

Sphenopteris obtusiloba Brongn. ............ cece eee 
S. (Oligocarpia) brongniartr ? (Stur) ...,.............00.. x 
Neuropteris scheuchzert Hoffm. ...................60 cc x x 
EN WROTE TIRES SESUIDIDS oeii.. 5 silo cs oxade nn oo nso cee tea eee x 
Odontopteris lindleyana Sternb. x 
PCE GRON Se ONG (IAL T.) 25,505 on coe a5 ore can vba Meee eR De 
Mariopteris muricata (Schloth.) ...............cccce scenes . x 
Cornucarpus acutus (lL. & H.) ............64055 Reiventer x 

LYCOPODIALES. 

_ Lepidodendron dichotomum Sternb.. ................0000 
Te DYCOGOAIGIEES( 2) STORM. eee ieee sees see ee snne dat anetnel 
UGE OUGUS POAUN At oleph va wn siveyn let eo gees ve cveiiien ean as 
Lepidophloios acerosus (L. & H.) «0... ccc eee 
Lepidophyllum amiccovmbtnn Ta, Be Te... cence cee 
A RUT le ROC ER APD At 88 nse < sie aln an ois a Yn ones Seexeh 
Lepidostrobus var iabilis L. & 1 ae Beeps eae xxXxXx&K XK XxX 

CORDAITALES. : 

Cordaites borassifolius (Sternb.) 
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Middle Coal Measure Flora of Oxney. 

Frequency. | 

: a == LAre, / 

ike ae x X = frequent. 
xX X X = abundant. : 

| | : | 
EQUuUISETALES. | 

Calamites undulatus Sternb. .........00. 06. cce eek cece eee ) Xx ) 
C. cisti(?) Brongn. ...... {LOR a 2ae Yipee Seen inate ea aa BP | 4 
Ue a lle hate orn AO on | eee eee | x | 
Annularia sphenophylloides (Zenker) ........2......... x 
A. radiata (Brongn.) .......05.0096 a iG: Ee Nea | x 
po TIS ON GD aed 2 0 I re, ee | x 
Calamocladus equisetiformis (Schloth.) ..................! x 

‘|| SPHENOPHYLLALES. | 

Sphenophyllum cunerifolium (Sternmb.) ................44] x 
Desa MUUTEOP NOLO SOTO, | a, . cxciscy +5 cin sp ehenas+ pce pce v0 anak ‘ xX X 

PTERIDOSPERME%X and FILICALES. 

Sphenopteris ef. S. (Renaultia) cherophylloides x 
(Brongn.) 

Peer pms corabwoides GOUDIer 5. f.5, ced sei dek ck ode leo de x 
Bama uaiond, Prone 2) 7S ak ak. Sos aiieo iiss x 
Neuropteris scheuchzerit Hoffm. ........... Poors oat eos xX xX 
Pie eNO CIOU SSUNLE os it. wles =v. nw o'nie oi oleic min oon Sere ve xX 
NOONE TEL SEMI noose teed ccies sare yma tenes saute les xX XX 
DCE FAliG GAGGED, Rk vec cae. oa don bse da lakedecaeatiiun XX 
ND Rae gee Te (SEPM PH cok cy Cae hc ecage'n de gah o x X 
Odontopteris lindleyana Sternb........................0055 Xx 
CP EP CRTECIE AG EDIOR ooo oa vo ora. vnsaiss CIN eos wp bes x 
Pebaghe ris MPEG ALU.) «ics 5 yeas ss wc lees che vee cones x 
EP CREM ARIS Ph LOT 05 Se TE oe ese x 
P. (Dactylotheca) plumosa ? (ice ) tease 2 ae Renee x 
Mariopteris muricata (Schloth.)............ eee x X 
Eremopteris artemisizfolia (Sternb.) ............ Pc tek A: x X 
Cormucarpus acutus (L.. & H.).. 212.0200 cesnikecs deere. oe xX X 
Alethopteris davreuaxi ? (Brongn.) ..........c.c.0enecee ees x 
PMMA GREEUH OC) BIS. nag cranes okie aoe te) vx occ tess mays vie sys x 

SEMINA INCERT SEDIS. a 

Platyspermum elongatum ? (Kidst.)" .......00...0ceeceee: x 
Samarospermum moravicum (Helmh.)?.............. ah x 
Samaropsis flwitans (Dawson) 0.2... cece ee ee eee x 

. Radiospermum SIRI MEER ace T MOEN Con vies S eh'y «as | x 

‘| LYCOPODIALES. 

Lepidodendron lycopodioides Sternb. ...............606 06 x 
Au AUTONET PUNO: POLLEN C2 SC. aden ve. nla od a vot oo se ween de wwaces 4 
Lepidophloios laricinus (2?) Sternb. ............. etnies / < 
Lepidophytlum minus Goode .............cccecececeneneees | x 
LE ae : ee x 

1 See Arber (1914). 2 Td. 
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| Frequency. 
MippLE CoAL MEASURE FLORA 

OF OXNEY (covit.). < = rare, 
E xX X = frequent. 

Species. x X X = abundant. 

/ 

LYCOPODIALES (covt.). 

Lepidostrobus variabilis L. & He. -... 2.0 etc ces 
Sigitlaria scutellata Brongn. ....5.....c000c. canes ove er eees 
S. elongata (2?) Brongn. 
S. principis Weiss 

eC ee ec i a a or cy 

x xX XX 

| CORDAITALES. 

Cordaites borassifolius (Sternb.) ................0005 Gee 4 
Caprncupalts ? (Germ,)” -.........,4.) 1 jseaeeeecemeenevecsa ee 
Dorycordaites palmexformis (Goepp.) 
Cordaianthus pitcairnie (L. & H.) 
Canon nny (Etb.) os... <i scan yo eee 
Cordaicarpus cordat (Gein.) 

x 

ee ray 

a a ee cee a 

x xX XK KK XK 

\ 

XIII. REMARKS ON THE FIGURED SPECIMENS. 

A few of the more interesting specimens from the ten new 
borings in Kent are figured in Pls. XI—XIII, either on account of 
their rarity, or because of the horizon at which they there occur. 
The great majority of the other species recorded are well-known 
fossils, which have been frequently. figured in various memoirs. 

_. SPHENOPHYLLALES. 

SPHENOPHYLLUM Brongniart, 1828. 
‘Prodrome d’une Histoire des Végétaux Fossiles’ p. 68. 

SPHENOPHYLLUM MYRIOPHYLLUM Crép. (PI. XII, fig. 1.) 

1880. Sphenophyllum myriophyllum Cyrépin, Bull. Soc. Roy. Bot. Belg. (C. R.) 
vol. xix, pt. 2, p. 25. 

1886-88. Sphenophyllum myriophyllum Zeiller, ‘Flore Fossile du Bassin 
Houiller de Valenciennes’ p. 422 & pl. 1xi, fig. 7; also pl. lxii, figs. 2-4. 

This species is only known from the Middle Coal Measures, with 
the exception of a single record from the Lower Coal Measures of 
Scotland. The specimen figured in Pl. XII, fig. 1, shows tiree 
stems or branches of different sizes, all exhibiting the characteristic 
leaf-segments attached at the nodes. . 
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SPHENOPTERIS Brongniart, 1822. 

‘ Sur la Classification & la Distribution des Végétaux Fossiles’ Mém. Mus. 
Hist. Nat. vol. viii, p. 2338. 

1. SPHENOPTERIS scuiLirNast Andra. (Pl. XIIT, fig. 4.) 

1865. Sphenopteris schillingsii Andra, ‘ Vorweltliche Pflanzen’ p. 22 & pl. vii, 
fig. 1. 

1886-88. Sphenopteris schillingsi Zeiller, ‘Flore Fossilé du Bassin Houiller 
de Valenciennes’ p. 72 & pl. ii, fig. 3. 

1913. Sphenopteris schillingsi Goode, Q.J.G.S. vol. lxix, p. 264 & pl. xxx, 
fig. 2. 

This is a rare British plant, somewhat similar in habit to 
S. obtusiloba Brongn. and S. neuropteroides (Boul.), but differ- 
ing from both in the pinnules being larger, more contracted at 
their base, and in the rachis being slenderer and non-striated. 

2. SPHENOPTERIS (RENAULTIA) SCHATZLARENSIS (Stur). 
(Pl. XII, fig. 5.) 

1885. Calymmotheca schatzlarensis Stur, ‘ Farne der Carbon-Flora der Schatz- 
larer Schichten ’ Abhandl. K.k. Geol. Reichsanst. vol. xi, pt. 1, p. 265 & 
pl. xxxviii, figs. 1-2. 

1910. Sphenopteris (Renaultia) schatzlarensis Renier, ‘Documents pour 
l’Etude de la Paléontologie du Terrain Houiller’ p. 19 & pl. Ixiii. 

This plant has a wide range, from the Lower to the Transition 
Coal Measures. It appears to be particularly abundant in the 
Middle Coal Measures of Kent. 

MARIOPTERIS Zeiller, 1879. 

Bull. Soc. Géol. France, ser. 3, vol. vii, p. 92. 

MARI0PTrERIS LATIFOLIA (Brongn.). (Pl. XII, fig. 4.) 

1829. Sphenopteris latifolia Brongniart, ‘ Histoire des Végétaux Fossiles ’ 
vol. 1, p. 205 & pl. lvii, figs. 1-5. 

1886-88. Mariopteris latifolia Zeiller, ‘Flore Fossile du Bassin Houiller de 
Valenciennes’ p. 161 & pl. xvii, figs. 1-2; also pl. xviii, fig. 1. 

This species is widely distributed vertically, and is of fairly 
common occurrence in Britain, although it has been but rarely 
figured. With the specimen figured here may be closely compared 
the very nearly allied species J. sphenopteroides (Lesq.). 

NEUROPTERIS Brongniart, 1822. 

‘Sur la Classification & la Distribution des Végétaux Fossiles’ Mém. Mus. 
Hist. Nat. vol. viii, p. 233. 

Nevroprertis ovata Hoffm. (PI. XI, fig. 6.) 

1826. Newropteris ovata Hoffmann, in Keferstein’s ‘ Teutschland Geognostisch 
& Geologisch Dargestellt ’ vol. iv, pp. 158-59 & pl. 14, figs. 5-7. 

1888. Neuropteris ovata Kidston, Trans. Roy. Soc. Edin. vol. xxxiii, p. 359 & 
pl. xxii, fig. 1. 

1912. Neuropteris ovata Arber, Phil. Trans. Roy. Soc. ser. B, vol. ccii, p. 247 
& pl. ii, fig. 9. 

This plant occurs in the Upper Coal Measures, and is particularfy 
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abundant in the Transition Coal Measures. The figured specimen 
from Kent is the first record from the Middle Coal Measures. In 
these specimens the pinnules are rather smaller than those of the 
fronds previously figured, but the nervation appears to me to be 
identical. 

DICTYOPTERIS Gutbier, 1835. 

‘ Abdriicke & Versteinerungen des:Zwickauer Schwarzkohlengebirges’ p. 62. 

DICTYOPTERIS MUNSTERI (Eichwald). (Pl. XI, fig. 4.) 

1840. Odontopteris miinsteri Eichwald, ‘ Urwelt Russlands’ pt. 1, p. 87 & 
pl. in, fig. 2. 

1886-88. Dictyopteri is minsteri Zeiller, ‘ Flore Fossile du Bassin Houiller ie 
Valenciennes’ p. 294 & pl. xlix, figs. 1-5. 

1888. Dictyopteris minsteri Kidston, Trans. Roy. Soc. Edin. vol. a 361 
& pl. xxi, fig. 6 

Dictyopteris miimstert is a characteristic plant in the Middle 
Coal Measures of Kent. In other coalfields it also oceurs in the 
Transition and Upper Coal Measures. This species is a homeo- 
morph of Neuwropteris heterophylla Brongn., from which, however, 
it is easily distinguished by the reticulate nervation. 

ODONTOPTERIS Brongniart, 1822. 

‘Sur la Classification & la Distribution des Végétaux Fossiles’ Mém. Mus. 
Hist. Nat. vol. viii, p. O34. ‘ 

ODONTOPTERIS BRITANNICA Gutb. (PI. XIIL fig. 5.) 

1835-36. Odontopteris britannica Gutbier, ‘ Abdriicke & Versteinerungen des 
Zwickauer Schwarzkohlengebirges’ p. 68 & pl. ix, figs. 8-11. 

1855. Odontopteris britannica Geinitz, ‘ Versteinerungen der Steinkohlen- 
formation in Sachsen’ p. 21 & pl. xxvi, figs. 8- 11. 

1869. Odontopteris (Callopter is) ‘britannica Weiss, ‘ Fossile Flora der J tingsten 
Steinkohle & des Rothliegenden’ p. 45 & pl. 1, fig. 2 

This is a very rare and but little-understood species, of which 
there are only three British records from the Middle and Lower 
Coal Measures. It closely resembles certain species of euvo- 
pteris, especially NV. obliqua Brongn., the chief distinctions 
being that some of the lower nerves arise direct from the rachis, 
and that the pinnules are attached by their whole base. 

LONCHOPTERIS Brongniart, 1828. 

‘Prodrome d’une Histoire des Végétaux Fossiles’ p. 59. 

LonCHOPTERIS ESCHWEILERIANA André. (PI. XI, fig. L.) 

1865. Lonchopteris eschweileriana Andra, ‘ Vorweltliche Pflanzen ° p. 8 & 
pl.im, fig. % 

1886-88. Lonchopteris eschweileriana Zeiller, ‘ Flore Fossile du Bassin Houiller 
de Valenciennes’ p. 246 & pl. xxxix, ‘fig. iB 

« This is a very rare plant in the British Coal Measures, there 
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being only two records—one from the Middle Coal Measures 
of Yorkshire, and the other from the Lower Coal Measures of 
Lanarkshire. The two fragments of pinne, figured in Pl. XI, 
fig. 1, are much narrower in proportion to their length than in 
Andra’s type, and agree more closely with the specimen figured by 
Prof. Zeiller. In the venation, however, and especially in the loose 
nature of the lateral nervation and the comparative fewness of 
the anastomoses, the Kent specimen appears to agree closely with 
the Westphalian type. 

PECOPTERIS Brongniart, 1822. 

‘Sur la Classification & la Distribution des Végétaux Fossiles’ Mém. Mus. 
Hist. Nat. vol. viii, p. 233. 

1. PECOPTERIS ARBORESCENS ? (Schloth.). (Pl. XI, figs. 2: & 7.) 

1820. Filicites arborescens Schlotheim, ‘ Petrefacten-Kunde’ p. 404. 
1833-34. Pecopteris arborescens Brongniart, ‘ Histoire des Végétaux Fossiles’ 

vol. i, p.310 & pl. cil; also pl. ciii, figs, 2-3. 
1890. Pecopteris (Asterotheca) arborescens Zeiller, ‘ Bassin Houiller & 

Permien d’Autun & d’Epinac’ fase. ii, pt. 1, p. 43 & pl. viii, fig. 1. 

This species has hitherto been generally regarded as confined to 
the Upper Coal Measures. In a previous paper’ I doubtfully 
referred to it a specimen from the Transition Coal Measures of 
Waldershare. I now assign, but also with some doubt, the 
pinne figured in Pl. XI, figs. 2 & 7, to this same species. Three 
examples in all occur, but in none of them is the nervation quite 
clearly marked, although there are indications that the lateral veins 
were probably simple. The form of the pinna, as a whole, as well 
as the size and shape of the pinnules, their erect and regular nature, 
and the rounded apices, are features which all resemble those of 
P. arborescens (Schloth.), and I am not aware of any other 
species with which they may be more closely compared. Yet at 
Goodnestone these fronds are associated with a Middle Coal- 
Measure flora. 

2. PECOPTERIS CRENULATA Brongniart. (Pl. XI, fig. 3.) 

1832-34. Pecopteris crenulata Brongniart, ‘ Histoire des Végétaux Fossiles ’ 
vol. i, p. 300 & pl. Ixxxvii, fig. 1. 

1886-88. Pecopteris crenulata Zeiller, ‘Flore Fossile du Bassin Houiller de 
Valenciennes’ p. 192 & pl. xxv, figs. 1-4. 

This species is rare in Britain, and has previously been recorded 
only from the Upper Coal Measures of the Radstock—Bristol 
Coalfield. At Barfreston it occurs in the Transition Coal Measures. 
Prof. Zeiller (see above) has also figured it from the same horizon 
in the Pas-de-Calais Coalfield, where it is a characteristic plant. 
In Kent it also occurs in the Middle Coal Measures. The out- 
standing features of this species are the comparatively long and 
decurrent pinnules and the crenulate margin. 

* Arber (1909) p. 28. 
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Semina incertz sedis. 

SAMAROSPERMUM Arber, 1914. 

‘Annals of Botany ’ vol. xxviii, p. 99. 

SAMAROSPERMUM MoRAVICUM (Helmh.). (Pl. XI, fig. 5.) 

1871. Jordania moravica Helmhacker, Sitzungsber. K. Béhm. Gesellsch. 
Wissensch. Prag, p. 81. 

1875. Jordania moravica i. Geinitz, N. Jahrb. p. 11 & pl. i, figs. 10-11. 
1892. Samaropsis moravica “Zeiller, ‘Flore Fossile du Bassin Houiller & 

Permien de Brive’ p. 95 & pl. xv, figs. 9-10. 74 
1914. Samarospermum moravicwn Arber, ‘Annals of Botany’ vol. xxviii, p. 99 

& pl. vi, figs. 19-20. 

This is the first British record of a very rare type of seed, which, 
for reasons that I have expressed in my recent revision of the 
British seed-impressions,’ I have transferred to a new genus, 
Samarospermum. The Kentish specimen appears to be identical 
with the species first described by Helmhacker (see above), and 
figured by Geinitz and Zeiller from the Continent, of which only a 
few examples are known. The generic characters are as follows: 
Winged, platyspermic seeds, very elongate and narrow, usually 
broadly rounded at both ends and narrowly elliptical in form. 
Nucule small, elliptical, situated midway between the apex and 
the base. Sarcotesta with numerous, fine, parallel, longitudinal 
strize. 

SAMAROPSIS Geeppert, 1864. 
‘Fossile Flora der Permischen Formation ’ Palzontographica, vol. xii, p. 177. 

SAMAROPSIS MEACHEMI (Kidst.). (Pl. XIII, fig. 3.) 

1889. Cardiocarpus meachemii Kidston, Trans. Roy. Soc. Edin. vol. xxxv, 
pt. 1, p. 330 & pl. —, figs. 5-7. 

1914. Samaropsis meachemi Arber, ‘Annals of Botany’ vol. xxviil, p. 98 
& pl. vi, figs. 16-17. 

This is a rare seed, so far confined to the Middle Coal Measures 
of Britain, and only recorded from two other localities. It was 
originally referred to the genus Cardiocarpus by Dr. Kidston ; but 
I have recently removed it to Samaropsis, on the grounds that 
the former generic term is best confined to certain platyspermic 
seeds, which are not winged. The present species has obviously 
affinity with those seeds that have for many years been referred 
to Samaropsis, of which S. fluitans (Dawson) may be regarded 
as the type. 

PLATYSPERMUM <Arber, 1914. 

‘Annals of Botany ’ vol. xxviii, p. 95. 

PLATYSPERMUM RUGOSUM Arber. (Pl. XII, fig. 2.) 

1914. Platyspermum rvugosum Arber, ‘Annals of Botany’ vol. xxviii p. 96 & 
pl. vi, fig. 13. 

The Mattice Hill seed, shown in Pl. XIJ, fig. 2, which I have 

} Arber (1914) p. 90. 

in o> 

a 
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recently figured as the type of a new species of a new genus 
Platyspermum, has the tollowing characters :—Seed elongately 
elliptical, bluntly pointed at both ends, measuring up to 4 cm. or 
more in length, and about 2 cm. across at its widest part. Ribs 
broad, prominent, separated by wide shallow grooves, three to five 
on each side, ribs approximated at the base and at the apex. Testa 
smooth or very finely striated. 

The same ‘seed also occurs in the Upper Coal Measures of 
Gloucestershire. 

CARDIOCARPUS Brongniart, 1828. 
‘Prodrome d’une Histoire des Végétaux Fossiles ’ p. 87. 

CARDIOCARPUS GUTBIERI Geinitz. (Pl. XII, fig. 3.) 

1855. Cardiocarpon gutbieri Geinitz, ‘ Versteinerungen der Steinkolilen- 
formation in Sachsen’ p. 39 & pl. xxi, figs. 23-25. 

1888. Cardiocarpus gutbieri Kidston, Trans. Roy. Soc. Edin. vol. xxxiii, 
p. 403 & pl. xxiii, fig. 5. 

1914. Cardiocarpus gutbieri Arber, ‘ Annals of Botany’ vol. xxviii, p. 97 & 
pl. vi, fig. 15. 

This seed is uncommon in Britain, but occurs in both the Upper 
and the Middle Coal Measures. 

DORYCORDAITES Grand’Eury, 1877 
‘Flore Carbonifére du Département de la Loire’ p. 214. 

DoRYCORDAITES PALMEFORMIS (Geepp.). (Pl XIII, fig. 6.) 

1852. Neggerathia palmeformis Goeppert, ‘ Fossile Flora des Uebergangs- 
gebirges’ Nova Acta Acad. Cesar. Leop.-Carolin. vol. xxii, Suppl. 
p. 216 & pl. xv; also pl. xvi, figs. 1-3. 

1877. Cordaites (Dorycordaites) palmeformis Grand Eury, ‘ Flore Carbonifére 
du Département de la Loire’ p. 214 & pl. xviii, figs. 4-8. 

1886-88. Dorycordaites palmeformis Zeiller, ‘Flore Fossile du Bassin 
Houiller de Valenciennes’ p. 632 & pl. xciii, figs. 1-2. 

This plant has only once been previously recorded from Britain, 
from the Middle Coal Measures of Yorkshire. The leaf is rather 
small and narrow in this species, the nerves being fine, equal in 
strength, and close. The specimen figured in Pl. XIII, fig. 6 is 
probably the basal portion of a leaf of this species. 

CORDAICLADUS Grand’Eury, 1877. 

‘Flore Carbonifére du Département de la Loire’ p. 241. 

. CORDAICLADUS APPROXIMATUS Ren. (PI. XIII, fig. 2.) 

1893-96. Cordaicladus approximatus Renault, ‘Flore Fossile du Bassin 
Houiller & Permien d’Autun & d’Epinac’ fasc. iv, pt. 2, p. 342 & 
pl. Ixxxi, fig. 2. 

1914. Cordaicladus approximatus Arber, Phil. Trans. Roy. Soc. ser. 3, 
vol. cciv, p. 419 & pl. xxviii, fig. 21. 

Cordaicladus is an excessively rare genus in Britain, and this 
is only the second record of the species from British rocks. The 
leaf-scars in this species are mounted on cushions, which are closely 
approximated. 
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2. CorparcnaDus sp. (PI. XITTI, fig. 1.) 

A large specimen, showing a somewhat obscure impression of 
what I take to be the bark of a Cordaitean tree, occurs in the 
Mattice Hill cores, part of which is figured in Pl. XIII, fig.1. It 
is quite unlike any British example of Cordaicladus known to me. 
The leaf-scars (or, rather, the prints which I interpret as being 
probably leaf-scars) are either horizontal or somewhat oblique, but 
not curved, grooves, which are fairly distant one from the other. 
They are certainly different in form from the ordinary Cordaitean 
leaf-scar, and there is no cushion. The exact nature of this fossil 
remains, however, doubtful for the present. 

XIV. ConcLusiIons AS TO THE PALHOBOTANICAL HORIZONS 

REPRESENTED IN THE KENT COALFIELD. 

The number of species known from the Kent coalfield has risen 
from ten in 1892 to twenty-six in 1909, and is now ninety-six, 
excluding varieties and incomplete determinations. Sixty-eight new 
records are included in the present paper. ‘Thus, including all deter- 
minations, nearly a hundred plants are now known from Kent, 
either generically or specifically. Of these, twenty-nine species 
occur in both the Transition and the Middle Coal Measures, and 
twelve only in the higher, with fifty-five in the lower horizon alone. 
The occurrence of s pecies, confined to a single horizon, is, however, 
a matter of secondary importance, as compared. with the relative 
abundance of certain common types, as an indication of the zone. 
The frequency of occurrence of all the plants recorded in the present 

- paper has been indicated in the lists of records from each boring 
given in the preceding pages. I now give a complete list of all the 
fossil plants at present known from the coalfield, including those 
recorded in previous papers by Prof. Zeiller and by myself, and. 
an indication of their distribution in the two horizons present in 
Kent. 

A Complete List of the Known Fossil Floras of ‘hee 
Coal Measures of Kent. 

Transition| Middle 
Species. Coal - Coal 

Measures. | Measures. 

EQUISETALES. 

Calamuites CUSUG TSU ORE ae ons ss enn s sak ia 
PO MLOSDS ATG... deen aOR os. obs wn debe 

. suckowt Brongn. ......... Of i ae 

. varians Stern.’ .i:.sdveecees on: U ye AS 

undulatus Seer. (tee eee haere ee ck... in- en 

«Peep perky Ls, "22 <p. See eS AG aI oss 3.55 laces 
Dictyoeatamites Gurrt Avber  ) Vines. n.s-->-)05+-5- 
poke aie 

Dal el PA ae 8 ie eer KK OX 
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‘Transition| Middle | 
Species. ; 1o = @Coal’- |. Coal | 

‘Measures. | Measures. 

EQuISETALES (cont.). 

tt CREE AS Sa eee ae a re 
A. radiata (Brongn.)...... had ee Sei ie At oS 3 
CLSGET LATO ZC) GPR AN 2 1S laid cai Rae 
Calamocladus Sechon mis + Gohloth, Ep ie eres 
e. grandis (Stermmb.)i oA 2... ln asd wees, oe. 
Pr nepPOLUs! (SLCTHD:) 6d... eae. os wee dae: 
Corerzyoruns (o1rerab.) Tiel x cits oases. 
Calamostachys tuberculata (Sternb.) ............... 
C. longifolia Weiss ...... ie NG ae ea Aeneas 

fe 
4 

r _ Annularia sphenophylloides le Tics) 2a oe / 

| 

| 

C. germanica Weiss ............ Ets Bale OREN Oe nc 2 Seg es es teas Oe cl ee 

SPHENOPHYLLALES. 

S. cuneifolium var. saxifragefolium Sternb....... | 

| 

|  Sphenophyllum cuneifoliwm (Sternb.) ............ x | x | 
i / 

| A. myriophyliuny Crep... 0626.02. eevee ee bs ee ) 

_PTERIDOSPERMEZ and FILICALES. a 

Sphenopteris obtusiloba Brongn. ..................... 
. meuroprercues (B0G):) 550). 62:2... ik ecenw 
. schillingsi Andra ...... fo lle SUSIE ESM! “OM eae 
ef. S. lawrenti Andra .......... Sip hi Oe east 
(anne. Coraligides Guin.” oo) ee oe i oo 
ef. S. (Renaultia) cherophylloides (Brongn.) . 
(Renaultia) schatzlarensis (Stur) ............... 

. (Oligocarpia) brongniarti? (Stur) ............... 
Mariopteris muricata (Schloth.)...............2..... 
me ta ta Ua ta tn Oo 

PS nel: (ESCOMET Pe eco yon co be seven ene 
M. cf. M. sphenopteroides (Liesq.) .:................! 
Neuropteris scheuchzert Hoffm. ..................... 
N. obliqua (Brongn.)..... CUE oe Re ce ae. ae 
Wa remmipania (SCMlOnN ee ie cee occa ed ont 
Ae waa, Wolter. soc UES en aac Oe a | 

er he SAPEReTORS DEUD. 3. seo. yds: ae 
va WN. eemmmmata (Sebi)... 2.620... 

La Sgiile ST eghs fara) | en AR ie a fe a . 
| N. heterophylla Brongn. ............ ae | 
. De Guam tied: (SEEN) eo. 29.08 so 59d snk bails seks ce e+ | 
Se iy AE LOMERNT PS ETRI a! 8 Ala aa o's Asai ca vace MecSa ok usin es 
| aa i IanO PIGh, UORG Ss...) 205.0204, oe ek. sf | 
_  Dictyopteris miinstert (Hichw.) ..................... 

Odontopteris lindleyana Sternb...................... . 
Che reread GRUs 202) eco Sheu oven so eos aes 

_ ~Alethopteris lonchitica (Schl.)...%................... 
ORE a) ee eee ee oe ee ee 
| SUNS oh 85) ie ee 
PMMA Ss tas boo ees eee locas 

| Acdavrewmi? (Brongn.) 2.0.0 eevee cscs 
Lonchopteris rugosa Brongn. ..................22.025) : 
Ta exchwewertana Andra ...... 200 ..0. 0. ccc ce eee 
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With regard to the palzobotanical horizons represented in Kent, 
there is no indication at present of the presence of Upper Coal 
Measures. It is true that there is still some doubt as to the 
location of the highest measures in the field. But if Upper Coal 
Measures occur at all, which, in my opinion, is more than unlikely, 
they must lie out to sea in the unexplored ground beneath the 
English Channel. So far as that portion of the coalfield which 
underlies land is concerned, one can say without hesitation that the 
highest beds represented belong to the Transition Coal Measures, 
and in none of these has a typical Upper Coal Measure flora been 
found to occur. 

The presence of Transition Coal Measures in Kent was first made 
arn by Prof. Zeiller! in 1892. In 1909* I showed that these 
beds are well developed in the central region of the coalfield, and 
in the present paper their distribution has been further traced. 

The present communication contains the first proof of the occur- 
rence of Middle Coal Measures in this coalfield, and it has been 
shown that these beds are there widely developed. 

This horizon, the Middle Coal Measures, is the lowest present in 
the coalfield, so far as it is proved. I can find no evidence of 
Lower Coal Measures, much less of Millstone Grits (which palzeo- 
botanically are simply the lowest beds of the Lower Coal Measures), 
and I very much doubt whether this horizon is represented in any 
of the Armorican coalfields of England or Wales. A careful exami- 
nation of the floras of the borings, recorded in the preceding pages, 
which have passed through the lowest beds of the measures into the 
Carboniferous Limestone Series, has not resulted in the recognition 
of a typically Lower Coal Measure assemblage of plants at this 
level. There is no change in the flora of these beds as compared 
with that of the higher beds in the same boring: that is, the plants 
indicate a Middle Coal Measure flora throughout. 

I conclude, therefore, that only two horizons are represented in 
the Kent coalfield—the Transition and the Middle Coal Measures—, 
at least so far as the area yet proved is concerned. 

The examination of the floras of these new borings has resulted 
in the most detailed study of the vegetation of the higher part of 
the Middle and the lower part of the Transition Coal Measures 
that has as yet been made in any British coalfield. It has con- 
firmed the conclusion, arrived at from a knowledge of the fossil 
floras of other coalfields, that there is no ‘break’ between these 
floras, but rather a perfectly gradual transition from the Middle to 
the Transition type. For this reason, when near the borderland of 
these two horizons, it is not possible sometimes to fix, by means 
of the plants alone, the exact boundary between them within several 
hundred feet. But, by correlating the lithological records of two or 
more borings in connexion with their floras, it is usually possible to 
arrive at an approximate, if somewhat arbitrary, line of demarcation, 

1 Zeiller (1892) & (1894). 2 Arber (1909), 



SO DR. E. A. NEWELL ARBER ON THE _— [April rgr4, 

and thus to determine, if only roughly, the number of feet of 
measures belonging to each horizon, as proved in ‘these borings. 

The present study of the Kent coalfield has extended the ‘known 
vertical distribution of certain species, but not to any marked 
degree. There is, first of all, the possible, but somewhat doubtful, 
oceurrence of Pecopteris arborescens ? (Schloth.) in both’ the 
Transition and the Middle Coal Measures. Sphenopteris schil- 
lingst André and Pecopteris crenulata. Brongn. are recorded for 
the first time from the British Transition “Measures, and the 
latter also from the Middle Coal Measures. Mlariopteris latifolia 
(Brongn. ), Neuropteris jfimbriata? Lesq., and Lepidophyllum 
minus Goode are also shown to occur on the former horizon. From 
the Middle Coal Measures we have'the first records of Newropteris 
ovata Hoffm. and Lepidophyllum intermedium L. & H. All 
these species have, however, been previously found on other 
horizons in Britain. fitherwise the vertical distribution, assigned 
here to the plants occurring in Kent, agrees with that alr eady 
published from other coalfields. 
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EXPLANATION OF PLATES XI-XIII. 

_ All the specimens are in the Carboniferous Plant Collection, Sedgwick 
Museum, Cambridge, to which they have been kindly presented by Mr. Arthur 
Burr. The registered numbers quoted refer to this collection. [The photo- 
graphs should in several instances be examined with the aid of a hand-lens. 
They are by Mr. W. Tams, Cambridge. | 

PuatTe XI. 

Fig. 1. Lonchopteris eschweileriana Andra, from the Middle Coal Measures 
of the Stodmarsh Boring, at 1865 feet. No. 2276. x3. (See 

p. 72.) é 
2. Pecopteris arborescens? (Schloth.), from the Middle Coal Measures 

of the.Goodnestone Boring, at 2000 feet. No. 2234. Natural size. 
(See p. 73.) 

3. Pecopteris crenulata Brongn., from the Transition Coal Measures of 
the Barfreston Boring, at 2009 feet. No. 2502. Natural size. 
(See p. 73.) a 

4. Dictyopteris miinsteri (Eichw.), from the Middle Coal Measures of the 
Woodnesborough Boring, at 1618 feet. No. 2484. Natural size. 
(See p. 72.) 
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Fig. 5. 

Fig. 1. 

Fig. 1. 

Qa 

Samarospermum moravicum (Helmh.), from the Middle Coal Measures 
of the Oxney Boring, at 2439 feet. No. 2992. Natural size. 
(See p. 74.) 

. Neuropteris ovata Hoffm., from the Middle Coal Measures cf the 
Woodnesborough Boring, at 1153 feet. No. 2442. %2. (See 
tI. v0 Ls) 

. Pecopteris arborescens ? (Schloth.), from the Middle Coal Measures of 
the Goodnestone Boring, at 2000 feet. No. 2234. Natural size. 
(See p. 73.) 

PLATE XII. 

Sphenophyllum myriophyllum Crép., from the Middle Coal Measures 
of the Oxney Boring, at 3168 feet. No. 3001. x %. (See p. 70.) 

. Platyspermum rugosum Arber, from the Middle Coal Measures of the 
Mattice Hill Boring, at 1484 feet. No. 2337. Natural size. (See 
p. 74.) 

. Cardiocarpus gutbiert Gein., from the Middle Coal Measures of the 
Mattice Hill Boring, at 1111 feet. No. 2375. Natural size. (See 
p. 75.) 

. Mariopteris latifolia (Brongn.), from the Transition Coal Measures 
of the Barfreston Boring, at 1626 feet. No. 2492. x2. (See 
pe (1s) 

. Sphenopteris (Renaultia) schatzlarensis (Stur), from the Middle Coal 
Measures of the Walmestone Boring, at 1290 feet. No. 3002. 
x 2. (See p. 71.) 

PLATE XIII. 

Cordaicladus sp., from the Middle Coal Measures of the Mattice Hill 
Boring, at 1463 feet. No. 2334. Natural size. (See p. 76.) 

. Cordaicladus approximatus Ren., from the Middle Coal Measures of 
the Mattice Hill Boring, at 1168 feet. No. 2405. Natural size. 
(See p. 75.) 

. Samaropsis meachemi (Kidst.), from the Middle Coal Measures of the 
Woodnesborough Boring, at 1176 feet. No. 2465. x2. (See 
p. 74.) 

. Sphenopteris schillingsi Andra, from the Middle Coal Measures of the 
Goodnestone Boring, at 2005 feet. No. 2236. Natural size. (See 
p: 71.) 

. Odontopteris britannica Gutb., from the Middle Coal Measures of the 
Oxney Boring, at 3341 feet. No. 3003. x 2. (See p. 72.) 

. Dorycordaites palmezformis (Goepp.), from the Middle Coal Measures 
of the Trapham Boring, at 2610 feet. No. 2250. Natural size 
(See p. 75.) 

G.S. No. 277. G 
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3. SUPPLEMENTARY Note on the Discovery of a PALEOLITHIC 
HuMAN SxkuLt and ManpisuE at Prtrrpown (Sussex). By 
CHARLES Dawson, F\S.A., F.G.S., and Arraur Smira 

Woopwarp, LL.D., F.R.S., Pres.G.S. With an Appendix by 
Prof. Grarron Exrior Suir, M.A., M.D., V.P.R.S. (Read 
December 17th, 1913.) 

[Puatres XIV & XV. ] 
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I. Grotoey anp Frinr-Imptements. [C. D.] 

SINCE reading our paper on December 18th, 1912," we have 
continued our researches in the Piltdown gravel. 

The whole bed is divided into four well-defined strata. The 
topmost consists of surface-soil, containing pieces of iron-stained 
subangular flint derived from some ancient gravel, similar to- 
those beneath. This surface-soil also contains a mixture of 
pottery and implements of various ages. 

Beneath is the second bed of undisturbed gravel, varying from 
| a few inches to 3 feet in thickness. It is from the centre of 

this bed that the triangular Palzolithic implement mentioned and 
figured in our former paper” was obtained. It contains rolled 
and subangular flints similar to those found in the. strata above 
and below, and is mostly pale yellow in colour with occasional 
darker patches. 

The third bed, though not always present, is well marked, where 
it does occur, by reason of its dark ferruginous appearance, and 
chiefly consists of pieces of ironstone and rolled and subangular 
flints deeply patinated and iron-stained. As in most other beds of 
this description, the ferruginous colour of the gravel and of the 
fossils within it often varies in intensity, from a dull pale-brown 
to a lustrous blue-black, within the space of a few inches, the 
latter colour being due to the presence of ferrous sulphide of iron. 

1 Q. J.G.8. vol. lxix (1918) pp. 117-44. 
2 Ibid. p. 122, footnote 1 & pl. xvi, fig. 2. I find that my former descrip- 

tion of these worked flints has been repeatedly misquoted. I took care not to 
describe these artefacts as of Chellean age; but, for purposes of comparison, 
I mentioned the work upon one face of the implements as being similar 
to those of the Chellean stage, that is, one of culture. How far culture 
can be ‘zoned’ with age remains to be proved, but there must always exist 
obvious limitations to such a system.—C. D.. 



Vol. 70. | THE DISCOVERY OF THE PILTDOWN SKULL. 83 

All fossils found by us (with the exception of the remains of 
deer) were discovered or have been traced to this third dark bed. 

- The dark bed rests unevenly upon a fourth, which we identified 
this year. It consists of very pale-yellow, finely-divided sand and 
clay, and appears to be a sort of solidified mud reconstructed from 
the Wealden: strata beneath it (Tunbridge Wells Sand, Hastings 
Beds). This fqurth stratum, less than a foot thick, has so far 
proved unfossiliferous, but contains flints of a much larger size 

Fig. 1.—Section of gravel-bed at Piltdown (Sussex). 
Approximate scale =1/24 of the natural size. 

Surface-soil, with occasional ) 
iron-stained subangular fiints, 4 
flint-implements of alt ages, f 
and pottery. Thickness=1 foot 
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Tunbridge Wells Sand (Hast- 
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than any of those*in the overlying’strata. These big buff-coloured 
flints vary from 6 to 15 inches in length by 3 to 6 inches 
in width. They are usually flat on one side and uneven and 
hummocky on the other, which gives them a very characteristic 
appearance. As they lie in the bed their flat sides are uppermost, 
and where they impinge upon the bed above they are deeply 
stained with iron. They are thickly patinated, and saturated to 
‘the core with iron. | 

‘ @2 
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The character of these flints is often so changed as to resemble. 
ironstone, and some can be scratched and disintegrated with a 
penknife. This feature may well account for the apparent absence 
of flints overlying the still higher and older strata in the Weald. 
They have a roughly-smoothed surface, but bear no striations or 
‘frost-fractures.’ The presence of flints of so large a size, and 
comparatively little worn and rolled, in the middle of the Wealden 
area, 1s a point of great interest. No implements or ‘ Koliths’ 
have occurred in this bed, although the latter are famly common in 
all the overlying strata. 

A few derived Chalk fossils have been found by us in the flints. 
from the gravels, and include (according to Mr. C. D. Sherborn 
and Mr. T. H. Withers) :— 

— Echinocorys vulgaris (= E. scutatus Leske), of the shape characteristic. 
of the zone of Micraster cor-testudinariwm. : 

Inoceramus inconstans (Woods), also a form typical of the same 
horizon. 

The tabular flints so common in the Piltdown gravel are doubt- 
less derived from the regular layers which occur at the base of the. 
zone of Micraster cor-anguinum, and in the upper part of the 
zone of M. cor-testudinarium. In age, therefore, the derived 
Chalk fossils and the flints are very similar, belonging to an 
horizon well exposed at present in the southern Chalk escarpment 
(as, for example, at Offham) near Lewes.’ 

Our first work this year was to clear away completely all débris. 
overlying the floor of the dark gravel-bed from the vicinity of the 
spot where the mandible and piece of occipital bone were found 
last year, so that the irregularities of its level might be fully 
exposed. We found that the floor was full of depressions, often 
measuring 2 to 7 feet across and 1 to 2 feet in depth. Into these 
depressions had been drifted the dark ferruginous gravel, and 
in places there yet remained small undisturbed patches. The area 
so exposed by us measured about 20 feet square. 

~ Following a small rift or channel in the floor which was yet 
filled with undisturbed gravel, we discovered another fragment of 
a tooth of Stegodon bearing three cusps. This specimen was. 
worked out very carefully, and preserved in the gravel matrix. It 
seems probable, from its general appearance and condition, that 
this fragment is a portion of the same molar as that to which 
the two fragments found last year belonged: like them, it is. 
shattered, and shows little sign of rolling. If so, it must have been 
broken before its original deposition, and not by the workmen. 
The other portions were found about 10 yards away, in débris. 
composed of the dark gravel. 

In a depression adjoining that in which a portion of the human 
mandible occurred, was found what appears to be a flint-flake 
roughly worked on one face and stained dark brown (PI. XIV, 

1 ¢Cretaceous Rocks of Britain: the Upper Chalk’ Mem. Geol. Surv.. 
vol. iii (1904) pp, 46-47. 
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figs. la—le); also a triangular flint of Paleolithic outline (Pl. XIV, 
figs. 2a—2c¢), but having ‘ EKolithic’ ‘edge-chipping’ about the 
apex, the colour and patination resembling those of the ‘ Kolithic ’ 
forms found in the pit generally. Among some of the disturbed 
gravel in the pit Dr. Smith Woodward found a flint worked on 
one face and simply flaked on the other face, and similar to the 
Paleolithic flints described in our last paper. 

An incisor of a Beaver (Castor fiber) and portion of a mandible 
occurred in the dark gravel: the former close to the spot where 
the molars were ad last year, and the latter some 12 yards 
away to the south. One of the molars agrees in size with a socket 
of the alveolar border. 

The whole of the work was perforce carried on very slowly, and 
we found it impossible to employ more than one labourer, for the 
actual excavation had to be closely watched, and each spadeful 
carefully examined. The gravel was then either washed with a 
sieve, or strewn on specially-prepared ground for the rain to wash it ; 
after which the layer thus spread was mapped out in squares, and 
minutely examined section by section. 

“4 While our labourer was digging the disturbed gravel within 2 or 
3 feet from the spot where the mandible was. found, I saw two 
human nasal bones lying together with the remains of a turbinated 
bone beneath them zz sztu. The turbinal, however, was in such 
‘bad condition that it fell apart on being touched, and had to be 
_recovered in fragments by the sieve ; but it has been pieced together 
satisfactorily by Mrs. Smith Woodward. 

_ All the gravel iz s¢tw excavated within a radius of 5 yards of the 
spot where the mandible was found, was set apart and searched 
with especial care, and was finally washed and strewn as before 
mentioned. It was in this spread that Father Teilhard de Chardin, 
who worked with us three days last summer, on August 30th, 1918, 
discovered the canine tooth of Eoanthropus, hereafter described. 
In this way also Dr. Smith Woodward recovered a small fragment 
of a tooth of Rhinoceros, in the same state of mineralization 
as the fragments of teeth of Stegodon and Mastodon. 

There now remains little excavation to be done in the aii 
vicinity of the site of these remains. Other excavations which we 
have made in the pit have so far proved unproductive of fossils ; 

“but we have opened up some trial-holes which give evidence of a 
continuation of the bedded gravel to the west, under the plough- 
land there, and across the small valley on the east near Moon’s 
‘Farm House. 

Conclusions. 

_ We cannot resist the conclusion that the third or ‘ dark bed’ is 
‘in the main, composed of Pliocene drift, probably reconstructed 
_in the Pleistocene Epoch. The evidence seems to point towards 
a marking-off of the third or ‘dark bed’ from the second or 
lighter bed, that contained a triangular Paleolithic implement, 
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one face only of which was worked and was struck in a manner 
somewhat similar to those of the Chellean stage. 

As regards the human remains discovered, including the canine 
tooth, there is nothing in their mode of occurrence to favour the 
idea that they may have belonged to different individuals. Putting 
aside the human remains and those of the beaver, the remains of 
the fauna all point to a characteristic land fauna of Pliocene 
age ; and, though all are portions of hard teeth, they are rolled 
and broken. The human remains, on the other hand, although 
of much softer material, are not rolled, and the remains of 
beaver are in a similar condition. It would, therefore, seem that 
the occurrence of these two individuals belongs to one of the 
periods of reconstruction of this gravel, though for other reasons 
before stated by us, this is not perfectly certain.” 

Ij. Description oF THE Nasat Bones anp Lower Canine 

Tootu oF HOANTHROPUS DAWSONI, AND SOME ASSOCIATED 

MamManian Rematns. [A. 8. W.] 

EOANTHROPUS DAWSONI. 

A further study of the cranium of Hoanthropus shows that the 
slight longitudinal ridge along the outer face at the hinder end of 
the parietal region is not median, but one of a pair such as fre- 
quently occurs in the lower types of human crania. The occipital 
and right parietal bones thus need slight re-adjustment in the 
published reconstruction (as described by Prof. G. Elliot Smith in ~ 
an appendix to this paper, p. 93), but the result does not alter 
essentially any of the conclusions already reached. The only real 
addition to our knowledge of the skull is made by the discovery of 
the nasal bones. 

Like the cranial elements, the nasal bones are comparatively 
stout; and they are thickened at the upper border, suggesting 
a massive and somewhat overhanging brow-ridge. They are so | 
well preserved that they fit perfectly at the median suture, and 
show that they form a gently-rounded arch, constricted above 
and widening below, but with scarcely any upturning at the lower 
border (Pl. XV, figs. la-1d@). Both are narrower above than below, 
and the bone of the right side is considerably wider in its upper 
part than that of the left side. Below the regular roughening at 
the upper thickened end, the outer face of the bone is nearly smooth; 
while the inner face of each is marked, as usual, with the longi- 
tudinal groove for the nasal nerve (Pl. XV, figs. le &1d,n.). The 
left nasal (figs. 16 & 1 ¢) is complete, and shows well the extension of 
the infero-external angle, by which the slightly-concave, free lower 
border of the bone is lengthened. The right nasal (Pl. XV, fig. 1d) 

+ That of Stegodon probably presented a more rolled appearance before it 
was shattered. 

* See Discussion, Q.J.G.S. vol. lxix (1913) p. 151. 
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is obviously broken at this angle. The following are some 
measurements (in millimetres) :— 

Width of naturally apposed nasals at the upper end ............... 13 
Width of naturally apposed nasals at the lower end (about) ... 15 
Bn emly OF The MGMT SWGILS os on cae cae Sen cela cay ce ces acc can sacaceces 14 
Maximum length of the nasals:............. 20... ccc ece cence cence Melos, 18 
Length of the upper border of the left nasal ........................ 7 

Do. do. do. APM TASB oa ede ess ceon'cels oe 10 
Do. lower do. POR ie Seales ee os. Sorta ess 10 
Do. do. do. right nasal (about) ............ it 

Comparison proves that these nasal bones resemble those of 
the existing Melanesian and African races, rather than those of the 
Eurasian type. — 

The remains of a turbinal found beneath the nasal bones 
are too much crushed and too fragmentary for description ; but 
it may be noted that the spongy bone is unusually thick, and has 
split longitudinally into a series of long and narrow strips. 

The remarkable new canine tooth (Pl. XV, figs. 2a—2e) is 
certainly that of a Primate Mammal, and may therefore be referred 
without hesitation to Hoanthropus. As it belongs to the right 
side of the mandible, corresponds in size with the jaw already found 
at the same spot, and agrees with the molar teeth in having been 
considerably worn by mastication, it may almost certainly be 
regarded as part of the specimen previously described. No trace 
of the socket for the tooth is seen in the bone preserved at the 
symphysial end of the fragmentary mandible, but its position can 
be determined approximately by reference to the corresponding 
tooth in the Apes. 

The crown of the tooth is conical in shape, but much laterally 
compressed, so that its inner (lingual) face is concave, while its 

_ outer (labial) face is only gently convex. The extreme apex is 
missing, but whether by wear or by accidental fracture cannot be 
decided. In the upper half of the outer face (Pl. XV, fig. 2a) 
the thin layer of enamel is shown, marked by the usual faint 
transverse striations (or imbrications); but below this the tooth 
is encrusted with a film of hydrated oxide of iron, which has broken 
away at the base of the crown, removing the enamel with it. The 
darkly-stained dentine is thus exposed here, and the only mark of 
the lower limit of the crown is a faintly-impressed transverse line 
just above the constricted neck of the tooth. The enamel on the 
inner face of the crown (Pl. XV, fig. 2b) has been completely 
removed by mastication, while that of the outer face, showing its 
prismatic structure, is exposed in worn section along the edges of 
the apical portion. The surface of wear forms a simple gently- 
curved concavity, evidently produced by a single opposing tooth ; 
and it extends to the basal edge of the crown, as indicated by 
the clear ending of the cement along its lower margin. It is 
probably almost parallel with the original inner face of the crown, 
and the wear has been sufficient near the apex to expose the 
secondary dentine at the upper end of the pulp-cavity. The 
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Fig. 2.— Restoration of the mandible of Koanthropus dawson1, im 
left side side view (A) and upper view (B) ; two-thirds of 
the natural size. 

yy 

extent of this pulp-cavity, which is widely open at the lower end 
-of the root, is well shown in two radiographs prepared by 
Mr. Archibald D. Reid (Pl. XV, figs. 3a & 3). It is filled with 
grains of ironstone or sand. The anterior (median-interstitial) 
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edge of the crown (PI. XV, fig. 2c) widens below to a triangular 
tumid area, which is sharply bounded by the outer face, the inner 
worn face, and the constricted neck of the tooth. Whether or 
not this area was originally covered to any extent by enamel is 
uncertain: appearances rather suggest that it is invested, instead 
of enamel, with a direct continuation of the cement-layer of the 
root. The posterior (lateral interstitial) edge of the crown 
(Pl. XV, fig. 2d) is sharp, and is not produced below into any 
inner (lingual) protuberance or heel. 

The root of the tooth is complete, somewhat deeper than the 
crown, and tapers only slightly downwards from the constricted neck 

Fig. 3.—Restoration of the skuil and mandible of Eoanthropus 
_ dawsoni, left lateral view ; nearly a third of the natural size. 

-to the truncated lower end. It is irregularly ovoid in transverse 
section (Pl. XV, fig. 2e), the postero-external (Jateral-interstitial + 
labial) face being gently convex, while the antero-internal (median- 
interstitial + lingual) face is flattened. It is invested with a 

distinct layer of cement, which is seen in cross-section both at the 
lower end and at the base of the crown on the inner (lingual) face. 
Much of this cement, especially on the flattened face, appears to 
be deposited in small, ill-defined, and irregularly-arranged globules. 

The following measurements (in millimetres) may be cited :— 

Depth of crown preserved (measured along the outer face) ... 11°5 
Maximum (antero-posterior) width of crown ..................... 10°0 

Do. _(interno-external) breadth of crown ................... 10°5 
Do: width of the worn inner face ......2....0......c.c 0 ceee 9-0 
CEN nS 9 a Se PEN a ann en 18-0 
Width of flattened face of root at the upper end............... See a 

Do. do. do. do. at the lower end.................. 70 
Smaller diameter of root at the upper end ........................ 70 

Do. do. MMi tens MINOT OG on. is lly asses cue es 50 
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The canine tooth thus described is distinctly larger than any 
hitherto found in the genus Homo, and differs fundamentally in 
having completely interlocked with its opposing tooth, which 
worked downwards on its inner face as far as the edge of the 
gum. Its exact position in the Jaw remains uncertain, but its 
crown must have risen well above the level of the other teeth, and 
its state of wear implies its separation from the anterior premolar 
by a slight diastema, as in the Apes. If the root was originally 
inclined in a plane almost parallel with that of the anterior end of 
the jaw, as in the Apes, the crown must have been more nearly 
upright than that shown in the hypothetical restoration which 
I made a year ago.! If, also as in the Apes, the flattened face of 
the root was almost parallel with the plane of the mandibular 
symphysis, the concave worn face of the crown would be turned 
completely backwards: and inwards (that is, towards the tongue). 
In this case (Pl. XV, fig. 4, and figs. 2-8, pp. 88 & 89) the opposing 
upper canine tooth must have been shorter and wider than the per- 
manent upper canine in the Recent Apes, for in them the worn 
surface of the lower canine is continued at least slightly over the 
outer (labial) side of the crown behind, so that it is visible 
in lateral-external view. There is no evidence of wear by the 
outer upper incisor, such as sometimes occurs in the Apes; for 
this wear leaves a small facette in a plane distinct from that made . 
by the canine, and never extends more than about half-way down 
the crown. 

The degree of wear of this newly-discovered canine tooth is of 
especial interest, when considered in connexion with the worn 
condition of the first and second molars in the mandible to which 
it apparently belongs. As already described, both these molars 
are flattened by mastication down to the level of the middle area of 
their crown, while the third molar (known only by its socket) 
must have been fully in place (see Pl. XV, figs. 5a & 5b). The 
permanent canine should therefore be completely extruded and 
in use, whether the order of appearance of the teeth corresponded 
with that in Man or with that in the Apes. As, however, the 
enamel of its inner face is not merely worn, but entirely removed 
by mastication, the tooth must have been well used for a con- 
siderable period. It probably, therefore, came into place before 
the second and third molars, as in Man—not after one or both of 
these teeth, as in the Apes. 

This appearance of a human order of tooth-succession in the 
mandible of Hoanthropus suggests the desirability of making a 
very careful comparison between the shape of the tooth now 
described, and that of the lower canine in Man as well as in the 
Apes. As is already known, the permanent canine in some of 
the Australian and Tasmanian aborigines is comparatively large, 
with its blunt apex slightly projecting above the level of the 
dental series; but in this tooth, as in the more normal human 

1 Q.J.G.S. vol. lxix (1913) p. 133, fig. 4b. 
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permanent canine, the outer (labial) face of the crown is com- 
paratively narrow and deep, and is not continued in a gradual 
eurve round the posterior (lateral interstitial) face to the same 
extent as in the fossil tooth. The milk-canine of Man, how- 
ever, may be much more satisfactorily compared. In this tooth 
the gently-convex outer (labial) face of the acuminate crown 
(Pl. XV, fig. 6a) is relatively wider than in the permanent canine, 
and gradually curves round to the posterior (lateral-interstitial) 
face, exactly as in the fossil (Pl. XV, figs. 2d & 6d); while the 
inner (lingual) face (fig. 66) is distinctly concave, and, if its 
enamel were removed, would correspond very closely with the 
worn face of the latter specimen (fig. 2b). Seen from the flattened 
anterior (median interstitial) face (Pl. XV, figs. 2 ¢ & 6c), these two 
canines appear to be remarkably similar in shape, although, as might 
be expected, the root is somewhat the shorter in the milk-tooth. 
In all the existing Apes, and in the extinct Dryopithecus, the 
permanent lower canine is more conical than that of Hoanthropus, 
with a more extensive production inwards of the base of the crown 
on the lingual side. It also appears to be usually larger and stouter 
in proportion to the size of the jaw. The crown of the milk- 
canine in the Apes, however, like that in Man, is much more 
compressed, with a concave inner (lingual) face and a gently- 
convex outer (labial) face, so that it closely approaches the fossil 
in shape (Pl. XV, figs. 8a—8d): the only noteworthy difference 
being that, in the Apes, there is already the characteristic small 
produced heel or ledge at the base of the crown, at the hinder 
(median-interstitial) end of the inner (lingual) face. 

It results, therefore, from these comparisons that, among known 
Upper Tertiary and Recent Anthropoids, the permanent lower 
canine of Hoanthropus agrees more closely in shape with the milk- 
canine both of Man and ‘of. the Apes than with the corresponding 
permanent tooth in either of these groups. It is also obvious 
that the resemblance is greater between Hoanthropus and Homo 
than between the former and any known genus of Apes. In other 
words, the permanent tooth of the otek Eoanthropus is almost 
identical in shape with the temporary milk-tooth of the existing 
Homo. Hence it forms another illustration of the well-known 
law in mammalian paleontology, that the permanent teeth of an 
ancestral race agree more closely in pattern with the milk-teeth 
than with the permanent teeth of its modified descendants. 

In this connexion, it is interesting to add that even in Homo 
sapiens, if the base of the crown of the canine were raised in 
the gum to the same level as that of the adjacent teeth, its apex 
would frequently project well above the rest of the dental series. 
The relatively large size and depth in the milk- dentition is espe- 
cially well seen in a preparation in the Central Hall of the British 
Museum (Natural History) ; see Pl. XV, fig. 7. 

For valuable help in making these amies I have again to 
thank Mr. W. P. Pycraft and Prof. Arthur 8. Underwood. 
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The Associated Mammalia. 

STEGODON. 

The new fragment of a molar of Stegodon is part of an unworn 
plate showing three cusps in line, the outermost being smaller and 
‘much less elevated than the two others. It evidently belongs to 
. the hinder end of a molar, and it may perhaps be part of the same 
‘specimen as the fragments already described. 

‘Rurnoceros. (PI. XIV, figs. 34 & 3b.) 
Rhinoceros is represented only by the anterior crest of an upper 

cheek-tooth, which has been broken and rolled before burial, and is - 
as highly mineralized as the pieces of molars of Stegodon and 
Mastodon. This specimen has, therefore, the appearance of a 
derived fossil. As shown in anterior view (fig. 3.2) the crown 
‘is rather low, and as seen from above (fig. 3 6) the inner expansion 
-of the crest is very wide at the base. The basal cingulum is pre- 
‘served only on the anterior face, and does not appear to have 
-extended round the inner end of the crest. The enamel of the 
“inner expansion is almost smooth, but that on the sides of the thin’ 
part of the crest is marked by a coarse rugosity and a few vertical 

“corrugations. The specimen cannot be specifically determined with 
certainty ; but, on direct comparison, it is found to agree best with 
the anterior crest of upper premolar 3 of Rhinoceros merck 
(= Eh. leptorhinus Owen) and Fh. etruscus. So far as general 

-shape is concerned, it might belong to either of these species; 
but, as pointed out to me by Prof. Boyd Dawkins, the peculiar 
coarse rugosity of the enamel is most closely similar to that of 

' Rhinoceros etruscus. 

CASTOR. 

_ A fragment of the alveolar portion of the inner face of the 
_ night mandibular ramus of Castor corresponds in size with the true 
molar described last year.’ This tooth, in fact, fits well the socket 

for m. 2. The newly discovered lower incisor may also, perhaps, 
“belong to the same mandible. 

EXPLANATION OF PLATES XIV AND XY. 

PruaTEe XIV. 

- Fig. 1. Flaked flint, showing few flakings on one face (1 a), a simple flake on 
the other face (1 b), and its tabular shape in edge-view (1c). Natural 
size. (See p. 84.) 

2. ‘ Eolith,’ showing flaked edge (2 a), simply-flaked face (2 6), and edge- 
view (2c). Two-thirds of the natural size. (See p. 85.) 

3. Rhinoceros cf. etruscus Falconer: imperfect anterior crest of right 
upper premolar 3, front view (3a) and inner view (36). Natural 
size. (See p. 92.) 

2 Q.J.G.S. vol. lxix (1918) p. 143 & pl. xxi, fig. 7. 
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PLATE XV. 

Fig. 1. Eoanthropus dawsoni A. 8. Woodward: nasal bones in front view 
(1 a), left side view (16), with left nasal from within (1c) and right 
nasal from within (1d). Natural size. c.=inner crest; n.=groove 
for nasal nerve. (See p. 86.) 

2. Do.: right lower canine tooth in outer or labial views«(2 a), inner or 
lingual view (2 6), anterior or median-interstitial view (2c), posterior 
or lateral-interstitial view (2d), and outline transverse section of 
neck (2e). Natural size. (See pp. 87-89.) 

. Do. : radiograph of the right lower canine tooth from without (3 a) and 
in side view (3b). Natural size. (See p. 88.) 

. Do.: right mandibular ramus with canine tooth, outer view. Two- 
thirds of the natural size. 

. Do.: impression of cavity for roots of lower molar 3; outer (5 a) and 
anterior (5 b) views, with crown in restored outline. Natural size. 

6. Homo sapiens Linn.: right lower milk-canine in outer or labial view 
(6 a), inner or lingual view (6b), anterior or median-interstitial view 
(6c), posterior or lateral-interstitial view (6 d), and outline transverse 
section of neck (6e). Twice the natural size. (See p. 91.) 

7. Do.: right lower milk-canine and milk-incisors, outer antero-lateral 
view. Three-halves of the natural size. (See p. 91.) 

8. Sinvia satyrus Linn.: right lower milk-canine in outer or labial view 
' (8a), inner or lingual view (8 b), anterior or median-interstitial view 

(8c), posterior or lateral-interstitial view (8 d), and outline transverse 
section of neck (8e). Four-thirds of the natural size. (See p. 91.) 

3 Ce ee ea} 

APPpENDIX.—On the Exact DervrEerRMination of the MerpiIan 
Prange of the Prrrpown Sxuirt. By Prof. G. Exxzior 
SmitH, M.A., M.D., V.P.B.S. 

At the meeting of the Geological Society which was held on 
December 18th, 1912, I gave my first impressions of the cranial 
east which Dr. Smith Woodward had sent me three days before 
the meeting. 

On the present occasion it is not my intention to say anything 
further in reference to the brain of Hoanthropus (because I 
am preparing a full report upon it for presentation to the Royal 
Society !); but, as there has been considerable criticism of the 
restoration of the brain-case, I should like to take this oppor- 
tunity of expressing my opinion that none of the criticism has 
affected the accuracy of the preliminary note upon the cranial 
cast which I communicated to this Society in December 1912.? 

As the correct restoration of the cranium was the necessary 
preliminary to any detailed study of the form of the brain, 
Dr. Smith Woodward kindly permitted me to examine the frag- 
ments of the skull, and make an independent investigation with 
the view of determining what positions they originally occupied 
in the skull. This examination revealed a multitude of structural 
features which indicate precisely the true position and orientation 
of each of the fragments; and there is now no doubt that the 

1 [Communicated to the Royal Society at the meeting on February 19th, 
1914.] 

2 Q.5.G.S. vol. xix (1913) pp. 145-47. 
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reconstruction of the skull which Dr. Smith Woodward exhibited 
to the Geological Society in December 1912 was a much closer 
approximation to the truth than any of the various models so 
far exhibited in public by his critics. : . 

In the course of my examination of the fragments last 
November, I found that the anterior end of the sagittal suture 
was present on the largest fragment (fig. 4,8, below). The recogni- 
tion of this suture directed my attention to other features of the 

Fig. 4.—Drawing representing the sutures in the bregmatic region, 
traced from a photograph ; three-halves of the natural size. 

M 

frontal and parietal bones, which enabled me to determine the 
precise location (JZ) of the median line of the skull. 

In fig. 5 (p. 95) I have represented diagrammatically the informa- 
tion to be gained from the study of the large fragment, when viewed 
in norma verticalis. The left half of the coronal suture is an 
obtrusive feature of this fragment. It pursues a very irregular 
course, but the general direction of the suture is indicated in the 
diagram by the line Z.C. (fig. 5). The exact pattern formed by 
its medial extremity is shown in fig. 4 (L.C.), which is a tracing 
from an excellent photograph taken by my assistant, Mr. Henry 
Gooding. 
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Careful examination of the fragment also revealed a small part 
of the right half of the coronal suture (fig. 4, #.C.), the presence 
of which had already been detected by Dr. Smith Woodward. 

Fig. 5.— Diagram of the upper aspect of the largest of 
the Piltdown fragments. 

At the place of meeting of the two halves of the coronal suture, 
which is slightly to the right of the median plane (fig. 4), there is 
a diminutive bregmatic bone (4). At its posterior border the 
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sagittal suture (iS) begins, and pursues a tortuous course towards 
the broken edge of the bone. : 

The presence of this part of the sagittal suture affords positive 
evidence of close proximity to the true median line. The anterior 
extremity of the sagittal suture often becomes deflected a few 
millimetres to one side or the other of the median line; but, except 
in those rare cases where a large bregmatic bone is present, the 
deviation is never considerable. In the course of an examination 

Fig, 6,—Transverse section through the frontal bone, 
a short distance in front of the bregma. 

of the collection of crania now in the Anatomical Department 
of the University of Manchester, I found several examples in 
which the anterior end of the sagittal suture closely resembled 
that of the Piltdown skull (fig. 4, p. 94). 

Along the line corresponding to that labelled JZ in the diagrams, 
a well-defined longitudinal ridge (fig. 6, 7, above) was found upon 
the endocranial aspect of the frontal bone. Careful examination 
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of the fossil shows that this ridge corresponds to the place where 
the two halves of the frontal bone originally came together at the 
metopic suture. Although it is not uncommon to find in the 
erania of primitive man a metopic crest upon the outside of 
the frontal bone (that is, at the spot marked cv. in fig. 6, p. 96), 
an endocranial metopic crest is of much rarer occurrence. It is 
found, however, in the neighbourhood of the bregma in the Neander- 
thal skull ; and there is no doubt of its identity in the specimen 
now under consideration. 

Mr. Frank Barlow called my attention to the fact that, if this 
fragment be looked at from in front (or a transverse section of 
a cast of it, fig. 6, be studied), the curve of the frontal bone 
describes a gentle sweep above the temporal ridge (7), which 
reaches its summit (c7.) directly above the endocr anial ridge (7), 
beyond which it begins its descent, showing that it has crossed 
the middle line to the right side. This affords independent 
corroborative evidence of the correctness of the determination of 
the rhedian plane (JZ). 
My friend Prof. J. T. Wilson, F.R.S., has pointed out that the 

inclination of the floor of the anterior cranial fossa (fig. 6, FV.) 
provides further evidence in support of my contention. For, if 
the bone be tilted laterally to even a small extent, the floor w ould 
become inclined at an angle such as is unknown in any skull, 
whether human or simian. 

If the median line thus determined in the region of the bregma 
(fig. 5, p. 95) is prolonged backwards, it cuts the posterior corner of 
the parietal in the neighbourhood of the lambda (fig. 5). Inde- 
pendent evidence, Beet from (a) the study of the manner of 
articulation of the left parietal and temporal bones, and their 
relationship to the occipital; (6) the texture of the endocranial 
surface of the bone along the line JZ; (c) the fact that the trans- - 
verse section of the supralambdoid flattening (O) is horizontal 
only when the bone is placed as it is represented in the diagrain ; 
and (¢) the situation and relations of the parasagittal crest (P),— 
all confirms the accuracy of the identification of the median plane 
as it is represented in fig. 5 

If the fossil be held in a certain light, a series of depressions (S') 
ean be detected, which closely resemble those found in the supra- 
lambdoid region of skulls (such as the Neanderthal calvaria) where 
the sagittal | suture has recently become closed. The suggestion 
is that the posterior end of the sagittal suture conformed to the 
pattern represented at S" in fig. 5, and had recently closed when 
the Piltdown man met his death. This may occur in modern man 
at any age between 30 and 40 years—although, in rare instances, 
it may happen before 30, or (more often) be delay ed: beyond 40. 
There are reasons for believing that this individual was a young 
adult, and possibly a female : for the features that present secondary 
sexual characters in modern skulls are quite indefinite in these 
fragments. 

Q.J.G.S. No. 277. — H 
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DISCUSSION. 

Prof. A. Kerru congratulated the Authors on the progress made 
during the last twelve months. He was glad to note that the 
particular stratum in which the remains of Hoanthropus had been 
found was being distinguished from the more superficial stratum in 
which flints of the Chellean type had been found. He ventured to 
say that, if no human remains -had been discovered in the deeper or 
Eoanthropie stratum, no one would have hesitated in regarding it 
as of Pliocene age. He was glad to note that the hinder end of the 
skull of Hoanthropus had been opened out to a considerable degree ; 
but, in his opinion, the occipital and temporal bones were still placed 
wrongly. When these defects were removed, and the two sides of 
the skull made approximately symmetrical, it would be found 
that the brain-capacity was about 1500 c.c. The brain-cast of the 
skull, as originally reconstructed, was just under 1200 c.c. ; it was 
difficult to see how widening out of the skull would reduce -the 
capacity to 1100 ¢.c. Two other difficulties that he had encountered 
were (1) the presence of a pointed projecting canine in the jaw, and 
an articular eminence at the glenoid fossa of the skull; and (2) a 
much-worn canine tooth ina jaw in which the third molar tooth 
—according to the published X-ray photograph’ of the Piltdown 
mandible—was not completely erupted. He agreed that all three 
parts—skull, jaw, and canine tooth—must be assigned to Hoan- 
thropus, but he was not convinced that they could all belong to 
the same individual. | | 

Prof. W. J. Soutas thought that the Authors were to be con- 
oratulated on the complete nature of the proof which they had 
reached by a study of minute anatomical characters. A system 
of reconstruction which afforded different results from those ob- 

‘ tained in this direct and positive manner seemed to require some 
amendment. The presence of derived fossils in a gravel was one 
of the commonest facts, not encountered here for the first time, 
and geologists had followed their usual method in dating the Pilt- 
down gravel by the most recent fossils contained in it: these showed 
it to be Pleistocene. The topographical relations of a gravel are 
of some value as evidence, and confirm this conclusion. The precise 
horizon in the Pleistocene was less definitely known ; unfortunately, 

_ the flints which had been found in association with the skull were 
not sufficiently characteristic to determine this point. 

Prof. W. Boyp Dawkins said that he would only take up, at 
that late hour, one of the many points raised by Prof. Keith—the 
age of the Piltdown deposit. It was clearly proved to be later than 
the Pliocene by the presence of an antler of red deer (Cervus 
elaphus), a species unknown in the Pliocene of Europe, and 
abundant in the Pleistocene and later strata. He agreed with the 

Authors of the paper in their conclusion that the deposit belongs to 
an early stage of the Pleistocene Epoch. : 
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Prof. A. S. UNDERWooD said that he would confine his remarks 
to the two molars and the socket of the third molar in the Pilt- 
down mandible. He had been prepared to show the radiograph 
at the Royal College of Surgeons in the summer, but Prof. Keith 
had been unable to place a lantern at his disposal. The two molars 
were worn down by use, to such an extent that it was impossible 
that the individual could have been less than 30 years of age, 
probably a good deal more. The sockets of the third molar were not 
those of an erupting tooth, the roots had been quite completed, and 
the tooth was in its final position at death. This was very plainly 
shown in the radiograph. Had the third molar been erupting or 
about to erupt, the roots could not have been on a plane with those 
of the other molars. 

Mr. C. Dawson thanked the Fellows for their kind reception 
of the paper. He specially wished to record the thanks of the 
Authors to Mr. George M. Maryon-Wilson (the Lord of the 
Manor) and his tenant, Mr. Robert Kenward, for their kind 
permission to make excavations in the gravel-bed at Piltdown. 

Dr. A. Smirx Woopwarp and Prof. G. Exiior Smiru also 
briefly replied. 
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4. On av APPARENTLY PaLmoritnic ENGRAVING on a BONE from 

SHERBORNE (Dorser). By Artruur SmirH Woopwarp, 
LL.D., F.R.S., Pres. GS. (Read March 11th, 1914.) 

THIRTY-SEVEN years ago Prof. Boyd Dawkins' described to the 
Society the incised figure of a horse on a piece of bone found with 
Paleolithic implements and remains of Pleistocene mammals in 
the Robin Hood Cave, Creswell Crags. Until the present time, 
this has remained the sole example of the pictorial art of Palseo- 
lithic Man met with in Britain. It is, therefore, of interest to 
record the discovery of a second specimen, which appears to date 
back to the same period, and is especially remarkable as being 
almost identical with the first, both in subject and in style. 

- The new specimen was found by two boys of Sherborne School, 
A. 8. Cortesi and P. C. Grove, and was submitted to me by 
Mr. R. Elliot Steel, to whom I am indebted for the opportunity of 

Incised drawing of the head and forequarters of a horse on a 
Sragment of rib, natural size; from a dry valley north of 
Sherborne (Dorset). In the Museum of Sherborne School. 

making this communication. It was picked up, with fragments 
of calespar and miscellaneous Inferior Oolite fossils, in an old heap 
of quarry-débris near the Bristol road, on the outskirts of Sherborne 
(Dorset) ; and there can be no doubt that it was originally obtained 
from one of the small dry valleys with steep sides which furrow 
the dip-slope of the Inferior Oolite north of the town. <A careful 
consideration of all the circumstances suggests that it may have 
occurred in a rock-shelter, which was destroyed by quarrying: for 
the heap of débris which yielded the specimen was most probably 
derived from a sheltered spot with a south-western aspect, which 
would serve admirably for human habitation. Unfortunately, the 
only noteworthy associated specimens are a few flints, which are 
not clearly chipped by man, although they must have been brought 
from a distance of several miles. It may, however, be added that 
at a spot a quarter of a mile farther down the dry valley, where 
it joins the next valley, Mr. Steel has recognized a Pleistocene 

1 Q. J. G. S. vol. xxxiii (1877) p. 592, fig. 1. 
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deposit, from which he has collected teeth of the mammoth and 
the woolly rhinoceros. 

The bone is a piece of rib, 8°5 cms. in length, from which the 
greater part of the flat inner face and the thin anterior border have 
been flaked away. A remnant of the flat inner face is pierced by a 
small vascular foramen near the posterior border. 'The specimen 
cannot be identified with certainty, but it agrees well in shape with 
part of an anterior rib of the existing “Mongolian wild horse 
(Equus przewalskic). It terminates at one end ina sharp oblique 
eut, while the other end is irregularly broken. The engraving 
represents only the head and forequarters of a horse in side view, 
but it covers the greater part of the outer convex face of the bone, 
which has not been artificially smoothed. The head points towards 
the cut end, while the mane fringes the broken thin anterior 
border. The outline is bold, and executed in short strokes, mostly 
about 5 or 6 mm. in length, by an instrument which has left a 
groove with a V-shaped cross-section. The head is well-shaped, 
with an indication of the mouth in one stroke, but no clear mark 
of the nostrils. The eye is represented by two nearly parallel 
strokes, of which the upper is stronger than the lower; and its 
anterior border is completed by two slight indentations. Two thick 
strokes in front of the mane are ev idently intended for the ears. 
The mane is indicated bya close series of finer vertical lines: these 
are nearly parallel; but sometimes they cut each other, and some- 
times merge together by the accidental flaking of the intervening 
surface of the bone. The longest of these fine lines are on the top 
of the head, where they extend farthest downwards. <A coarse 
groove marking the line of the back begins just below the hinder 
part of the mane, and ends posteriorly in some engraving of an 
uncertain nature. An equally coarse antero- posteriorly directed 
groove below this on the flank cannot be interpreted; while another 
shorter groove on the neck, close to its lower margin immediately 
behind the head, is also curious. 

As already mentioned, this new specimen is remarkably similar 
in design to that previously discovered in the Creswell Caves ; but 
in the latter the incised lines are much finer and more numerous, 
and the flat surface on which they are engraved has been first 
carefully rubbed smooth. Both agree with the majority of the 
engravings on bone from the French caves, in representing a hog- 
maned horse with a relatively large head. | 

DIscuUsstIon. 

The Cuarrman (Dr. H. H. Bemrosp) said that the communi- 
cation was of great interest to all. He was familiar with all the 
Derbyshire caves, including the celebrated Creswell Cave, in which 
the original engraved bone had been discovered by Prof. W. Boyd 
Dawkins. 

Sir Henry Howorrn believed that the engraved bone was of 
Paleolithic age. The artistic faculty was characteristic only of 
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Paleolithic Man, and appeared to be greatly debased in the 
later or Neolithic type. Certainly the w orkmanship did_ not 
resemble that of the still later Bronze Age. The hog-maned horse 
again, of which he believed the existing Japanese pony to bea 
survival, apparently did not exist in Europe in Neolithic times. 

Mr. W. Dare said that he was present when the incised bone 
from Creswell Crags was first shown, and recollected the fine series 
of mammalian teeth and bones associated with it, which were 
shown at the same time. The fauna was Pleistocene, and the 
implements undoubtedly Paleolithic. 

Mr. A. 8. Kennarp wished to congratulate the Author on the 
importance of the find. Hitherto the only known relic of Late — 
Paleolithic art from these islands was the well-known example 
from the Robin Hood Cave, and doubts had been expressed whether 
it really was zz s¢tw in that cavern—hence this additional find — 
was of the utmost importance. It was noteworthy that, while such 
relics were common in France, they were extremely scarce in 
England. 

Mr. C. D. SHerporn explained that the cuts on the bone were 
not those of a knife, but rather of a graving-tool like the burin 
of the line-engraver. 

Dr. A. P. Youne asked whether the set of lines, prolonged so as 
to reach below the level of the roots of the hairs of the mane in 
front, might not have been intended to represent a forelock. 

Mr. S. H. Warren said that the evidence for the dating of the 
specimen rested largely upon its artistic style. He had given a 
good deal of attention to the Later Paleolithic art, and especially 
to the comparison of its style with that of the artistic productions 
of modern savages, and with the later prehistoric art of Europe. 
In the case of the Bushmen and some other modern savages, there 
was a certain general resemblance to Paleolithic art, but in his 
opinion this had often been exaggerated. In its essential qualities 
the Later Paleolithic art stood out as something different from the 
art of any other people. 

The Neolithic art bore no comparison with that of the Mag- 
dalenian age. The only Neolithic animal engravings known to the 
speaker that were reminiscent of the earlier style, were some 
found in the dolmens of Portugal; but even this was exceedingly 
debased art. 

After examining the specimen on the table, one could have 
no hesitation in stating that its artistic style was characteristically 
Palzolithic, and there could be no doubt of its Paleolithic age. 

During recent years evidence had accumulated upon the 
Continent, which showed that some kind of halter was placed 
upon the heads of horses in the Magdalenian age, and there 
could be little doubt that the wild horse was habitually tamed, 
although it had probably not been domesticated. It was, therefore, 
very probable that certain designs seen on the flanks of the 
animals in the Paleolithic engravings were intended to represent 
a pack. The speaker wondered whether the more indefinite lines 

“ahia 
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upon the flank of the engraving exhibited might not also have a 
similar significance. 

The AvurHor, in reply, expressed his gratification that there 
appeared to be general agreement as to the Paleolithic age of 
the engraving. Although the long anterior strokes of the mane 
might have the intention suggested by Dr. Young, he thought 
that an artist of such skill would have made a more exact drawing 
if he had attempted to represent a forelock. He could not 
recognize any suggestion of harness or trappings in the marks on 
the flank. The specimen belonged to the Sherborne School 
Museum, and he thanked Mr. Elliot Steel for the opportunity of 
exhibiting it to the Society. 
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upon the flank of the engraving exhibited might not also have a 
similar significance. 

The AvurHor, in reply, expressed his gratification that there 
appeared to be general agreement as to the Palzolithic age of 
the engraving. Although the long anterior strokes of the mane 
might have the intention suggested by Dr. Young, he thought 
that an artist of such skill would have made a more exact drawing 
if he had attempted to represent a forelock. He could not 
recognize any suggestion of harness or trappings in the marks 
on the flank. The specimen belonged to the Sherborne School 
Museum, and he thanked Mr. Elliot Steel for the age of 
exhibiting it to the Society. 
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I. IyrrRopwuctTion. 

TE area with which this paper deals is a direct continuation of 
the Kilbride area (described by us in 1912), from which it is only - 
separated by the Finny River. It forms a tract measuring about 
4 miles in length, and about a mile and a half in width. It is 
bounded on the north by Lough Nafooey, on the north-east by the — 
Finny River, and on the south-east by the inlet of Lough Mask 
known as Kilbride Bay. On the south and west the boundaries 
are not determined by any well-marked features. 

Geographically the area forms a ridge, rising to its highest 
points in the hills known as Curraghrevagh (1615 feet) and 
Benbeg (1788 feet). There is a steep northward descent from 
this lofty ridge to Lough Nafooey, while the southern descent is 
more gradual. A second and lower ridge diverges from the main 
one to the south of Red Island (see map, Pl. XVII), and extends. 
north-eastwards towards the Finny River. Between these two 
ridges is a valley occupied by two streams, which join and flow 
into the Finny River: we propose to call this Two-Stream 
Valley. 

Little has been written about this area, the only detailed account 
being in the Memoir of the Geological Survey of Ireland to accom- 
pany Sheet 94, published in 1878; but references to it are to- 
be found in the Summary of Progress of the Geological Survey 
for 1896, p. 49. 

— a 
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The published map of the district shows a stretch of tuffs 
bounding the southern shore of Lough Nafooey, with a thick mass 
of felsite on the south, which is followed by Salrock Beds (Ludlow), 
and these by Upper Llandovery deposits. As will be seen later, 
the beds mapped as tuff are in the main the basement-beds of 
the immense series of grits and conglomerates known now as the 
Mweelrea Grits, which compose the Formnamore plateau on the 
north, and the lower part of which has been shown by Mr. Maufe 
and Mr. Carruthers to be of Llandeilo age. The felsite of the 
Survey is a thick series of spilite-flows, while the so-called ‘ Ludlow 
Beds’ are in reality the lower members of the Llandovery Series. 
A list of the other papers bearing upon the geology of the 

Kilbride district will be found in our paper on that area,! and, 
as the list for the Lough Nafooey district would be identical, 
it will not be repeated. Brief reports by the Committee of the 
British Association appointed to investigate the igneous and 
associated rocks of the Glensaul and Lough Nafooey districts 
were read at the Dundee meeting in 1912, and at the Birmingham 
meeting in 1913. . 

The incompleteness of the 6-inch Ordnance Survey maps forms a 
serious hindrance to satisfactory mapping in this part of Ireland. 

Il. THe SEDIMENTARY AND VoLcANIC ARENIG Rocks. 

As in the Kilbride area, the Arenig rocks are principally of 
igneous origin, consisting of a great thickness of spilite-lava 
associated with fine tuff and coarse breccia, and with a scanty 
development of ordinary sediments. They occupy a strip of 
country from a third to half a mile wide, which extends along 
the northern part of the area, between the Mweelrea Grits on the 
north and the Silurian strata on the south. 

(a) The Spilites (Pillow-Lavas). 

The spilite-lavas predominate over the fragmental rocks far 
more in the Lough Nafooey area than in that of Kilbride. They 
form the top of the ridge at Bencorragh, and extend for about half 
a mile to the east and to the west of the summit of the hill; while 
they are exposed almost continuously in the lower ground on the 
north from end to end of the area. They are in the main dark-green 
fine-grained rocks, and are often highly amygdaloidal, the amyg- 
dules frequently consisting of epidote. Their most characteristic 
feature, however, is the pillow-structure, which, while occurring 
at numerous points, is particularly well-marked at the top of 
Bencorragh. The arrangement of the vesicles in rows concentric 
with the margin is not very general. As in the Kilbride area, the 
spilite is frequently associated with abundant chert, which occupies 
the interstices between the pillows. This is particularly well seen in 

1 Q.J.G.S. Vol. lxviii (1912) p. 76. 
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the lower part of Two-Stream Valley (see fig. 1, below). Although, 
as a rule, phenocrysts are seldom observed in a hand-specimen, 
at the western end of the area, near the Curraghrevagh stream, 
numerous porphyritic albites occur. 

(6) The Sedimentary and Pyroclastic Rocks. 

Although the various rock-types are intimately associated, it 
seems better in describing them to adopta petrological classification 
rather than a geographical one. 

(1) The Coarse Breccias. 

As in the Kilbride area, these rocks consist of spilitic and 
felsitic breccias, the two kinds of fragments being occasionally 
intermingled. Breccias do not cover. nearly so extensive an area 

Fig. 1.— Diagrammatic sketch showing the relations of the tuffs, 
cherts, and spilites in Two-Stream Valley, Nafooey. 

[Approximate scale: 1 inch = 1} feet. } 

P=Pillowss T=Tuff. C, =Chert in irregular patches. C,—Bedded chert. 

relatively to the spilites as they do at Kilbride. The large mass 
of]-breccia seen west of Finny, in the Kilbride area, continues 
across the Finny River into the Lough Nafooey area; but the 
eastern part of the mass is largely hidden by alluvium, while the 
western part is much interrupted by intrusions of felsite. A band 
of coarse breccia, which lies along the southern border of this 
felsite, is easily traceable, owing to its conspicuous appearance. 
It consists of angular fragments of a fine-grained felsite weathering 
white, and of red and green chert, enclosed in a green matrix. It — 
resembles very closely the band of breccia associated with the 
Didymograptus-extensus Shales seen on the southern slopes of 

i. 
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Greenaun in the Glensaul district. The lie of the breccias them- 
selves is not apparent, but the fact that they overlie the spilites on 
the south is proved by the occurrence along part of their southern 
border of red sandy shales and cherts dipping northwards at 70°. 
In Two-Stream Valley these breccias and felsites are cut off on the 
west by a fault, and for about a mile westwards, that is, as far 
as the stream which is shown in the 6-inch Ordnance Survey map 
as entering Lough Nafooey at the promontory half a mile west 
of Red Island, only small patches of breccia occur associated with 
the spilites and lying near the boundary of the Mweelrea Grits. 
To the west of this stream, however, a large patch of felsitic 
breccia is exposed; and a still larger patch of tuff, mainly of fine 
grain, is seen round the hamlet of Curraghrevagh. 

These rocks are nearly all vertical, and strike more or less east 
and west; but on the steep north-western slope of Bencorragh a 
band of breccia, 12 feet wide, associated with a bostonite-dyke, 
occurs, striking in a north-north-easterly direction. This and 
another smaller patch, half a mile east of the top of Bencorragh, 
are the only breccias that we have found in the heart of the spilites. 

(2) The Shales, Cherts, and Fine Tuffs. 

At several points the breccias and spilites of the north-eastern part 
of the area here described are associated with fine tuffs and cherts. 
Thus, at a spot not far from the Finny River, the breccias include a 
band of fine tuff and red chert dipping northwards at 82°; while the 
shales and cherts near the line of junction of the felsite-mass, south- 
west of these breccias, with the spilites, have already been mentioned. 
On the western side of the fault which brings the breccia against 
the spilite of Two-Stream Valley, red shales and cherts -are seen 
along two lines. The southern one begins at a waterfall where 
12 feet of chert, shale, and grit are associated with a small felsite- 
dyke, and are traceable westwards in the spilite fora third of a mile: 
the strata being vertical throughout their whole length of outcrop. 
The more northerly series of exposures is longer and tar less con- 
tinuous. The strata are first seen in the lower part of Two- 
Stream Valley, where the united streams, immediately after their 
junction, pass through a little gorge. Here the rocks are vertical, 
and the succession from north to south is :— 

Thickness in feet. 
STURT hg ghee OO eye fe ae oe Aer 10 
(cS Le a) Sees, ae ee eee ee 18 
OTe UE Se One 2 
Spilite. 

The relation of tuffs, cherts, and spilites at one locality on the 
right bank is shown in the accompanying sketch (fig. 1, p. 106). 
The cherts contain abundant evidence of the presence of very 
small radiolaria. Dr. G. J. Hinde, F.R.S., who kindly confirmed 
our opinion on this point, writes that 
‘the large majority are simple spheres or ellipses, which would be placed 
under Cenosphera or Cenellipsis ; there is an elongated form with rounded 
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ends, which might come under Amphibrachiwm, and two conical forms which 
might be Dictyomitra or Stichocapsa. But in all there are only bare outlines 
remaining, partitions and meshwork have all disappeared. One object in the 
slide from the spot marked 103 is a fragment of a fair-sized sponge-spicule.’ 

It will be convenient here to allude to the fact that similar 
radiolaria were found in banded chert, at a point marked 62 on 
our map (PI. XVII), two-thirds of a mile farther west. Higher 
up the more northerly of the two streams, other exposures of chert 
occur, at first vertical, but as one passes farther west dipping 
southwards—at one point at an angle of 60°. 

After one has crossed the col at the head of the valley, further 
chert-bands, dipping in a general southerly direction, are seen. 
The fine tuffs associated with the limestone-breccias (see below), 
a third of a mile west-south-west of Red Island, are vertical or dip 
southwards at a very high angle. 

Thus, while in the eastern part of the Lough N: afooey area the 
tuffs, cherts, and other sediments dip northwards and overlie the 
spilites, farther west they dip southwards, that is below the spilites, 
an intermediate area occurring where these rocks are vertical. 
These facts seem most readily explicable on the supposition that 
the western strata with the southerly dip are really inverted. If 
this be the case, the cherts and limestone-breccias belong to the 
upper part of the spilitic series, and the Lough Nafooey area is in 
accord with the Kilbride area, in which the fossiliferous cherts and 
shales occur high in the spilites—as also with the Glensaul and 
Tourmakeady areas, in which the limestone-breccias belong to the 
upper part of the Arenig development. 

(3) The Calcareous Rocks. 

The districts of Tourmakeady and Glensaul are characterized 
by a peculiar type of calcareous deposit—limestone-breccia ; and 
Mr. Maufe and Mr. Carruthers have described a similar rock from 
the Upper Arenig of the Leenane district. _Nosuch rock was seen in 
the Kilbride area, but in the Lough Nafooey area it is again found 
at two localities, one a third of a rail south-west of Red Talanie the 
other at Curraghrevagh hamlet. The characters of this deposit may 
best be studied at the former locality. As in the Tourmakeady and 
Glensaul areas, the matrix consists of coarse quartzose grit or some- 
times tuff, enclosing fragments of chert and felsite and pieces of grey, 
red, and white ieneetorie. generally of a compact horny texture, and of 
all sizes up to the length of 14 inches. Pieces of crinoid-stem are 
fairly common in the limestone, and a fragment of an J/lenus was 
found; in the matrix only a few unr ecognizable fragments of 
trilobites and brachiopods were met with, together with a “Cystidean 
plate, concerning which Dr. Cowper Reed writes that it suggests 
Echinoencrinus senckenbergt H. von Meyer, a Lower Ordovician ~ 
form. Near Curraghrevagh, limestone-breccia is seen in and near 
the stream at the north-eastern end of the hamlet, and it has 
‘been worked in one field immediately north, and in another about 
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200 yards west-south-west of the hamlet. The last two exposures, 
however, are now overgrown, and the breccia is no longer visible. 
At all these localities the limestone-breccias appear to be vertical. 

Ill. Toe Mweetrea Grits snp CONGLOMERATES 

(LLANDEILO). 

These grits and conglomerates, which bound the Kilbride area on 
the north-west, were not described in our paper on that area, while 
in our earlier papers on the Glensaul and Tourmakeady districts 
they are referred to as of (?) Bala age. 

As shown in our map (PI. XVII), they form a band about 300 
yards wide, extending along the southern shore of Lough Natfooey, 
‘where they consist of coarse quartzose grit passing in “places into 
fine breccia or conglomerate. They dip at a high angle north- 
wards, and, although their actual junction with the Arenig rocks 
is: nowhere visible, there can be little doubt that it is a simple 
unconformity. Along part of their outcrop, about a mile east of 
Curraghrevagh hamlet, pale flaggy beds accompanied by grey 
cherty bands occur at their base. About 1200 feet up in the 
Mweelrea Grits a band of very coarse conglomerate, with blocks of 
granite and schist, is seen. This is well exposed on the hillside 
north-west of Curraghrevagh hamlet. 

The coarse grits, “displaced by a fault, are also seen ndeiyivas 
the-Silurian beds half a mile north-west of Benbeg. A band of 
pale-yellow felsite, exactly like the band in contact with their base 
at Curraghrevagh, follows their southern outcrop here. 

LV. THe Stivurian Rocks. . 

The Silurian rocks extend westwards from the Finny River with 
a uniform west-south-westerly strike; until a point south-west of 
Bencorragh is reached (23 miles). The southerly or south- 
easterly dip is always high, 60° to SO° in the neighbourhood of 
Drin ; while south-east of Bencorragh the rocks are often vertical, 
or even slightly overfolded. South-west of Bencorragh they are 
broken through by one important, and by two minor, cross-faults, 
which shift their outcrop some 500 yards northwards. They then 
strike nearly due east and west for about 1% miles, until, at a 
point north of the top of Benbeg, they are faulted again to the 
south, and their strike once more swings round to the west-south- 
west. . 

In the eastern part of the area the Silurian rocks form the 
top of the ridge ; but their strike is such that they cross the ridge 
about half a mile east of Bencorragh, which, together with all the 
high ground for some distance eastwards and westwards, i is formed 
of spilitic lavas. West of the fault, which shifts their outcrop to 
the north, the Silurian rocks again form the top of the ridge; and, 
as they are finely exposed, and are tilted up until they are vertical 
or dip at angles of 80° or more southwards, it is easy to ascertain 
the thickness of the various bands. 
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In the eastern part of the Lough Nafooey area all the Silurian 
rocks exposed have a southerly dip ; but, as one passes westwards, the 
rocks along the southern border of the map are seen to be dipping 
at a high angle to the north. The Silurian rocks are therefore 
folded into a sharp syncline (see fig. 2, below), the northern limb 
of which forms the main outcrop of the Silurian rocks throughout 
both the Kilbride and the Lough Nafooey areas, while the southern 
limb is seen only in the south-western part of the Lough Nafooey 
area, and, as described in our Kilbride paper,! in the north-eastern 
part of the Kilbride area. 

_ ‘Fig. 2.—Section along the line AB in the map (Pl. XVI1). 

N. West of Curraghrevagh Mountain Ss. 

: (1615 feet) : 

[Horizontal scale: 3 inches=1 mile. Vertical scale exaggerated. | 

a=Doon Rock Grits (Wenlock Series). f=Mweelrea Grits (Llandeilo Series). 
b=Grey-green flags and purple sandy shales g== Tok, Asean 

(Tarannon Series). h=Spilite. aan 

d= Annelid Grits. dovery K=Bostonite intrusion. 
ce =Caleareous Flags (Finny School Beds). for F=Felsite intrusion. 

e =Red Sandstones. Series. D=Dolerite intrusions. 

The Silurian rocks may be subdivided almost precisely as in the 
Kilbride area, namely :— 

Thickness in feet. 

Gr pelror noeln Grits... 204.202... eee 875 seen, WENLOCK. 
UMaREUPPOeN HAMS ons... tv eee ee 225 
bo @.sberme sandy’shales ........0..0.0:0. 2 80 Bes ae 
4. Finny School Beds (Caleareous Flags). 420 to 820 
Soy U1 Eo Ga a ee 2 90 to 200 | UPPER 
on PARR SERMISEOMIOS . oso... se ol oly as eee 200 to 350 | LLANDOVERY. 
im ) eeties OOM mIMNETALC .........-...2..cs-.dae Oto 25 

A brief description of these beds will suffice :— 
(1) The Basal Conglomerate.—Owing probably to imper- 

fection of exposures, we have seen this rock only in the extreme 
western part of the area—principally in the beds of the two 
westerly streams which descend from the cirque north of Benbeg, 
and flow down to Curraghrevagh village. In these streams are two 
bands of conglomerate, the lower of which is about 25 feet thick. 
The relations of the rocks here are rather puzzling, and we describe 

them in greater detail (see p. 118) when dealing with the lime- 

1 Q.J.G.S. vol. Ixviii (1912) p. 87. 
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bostonite intrusion. The pebbles of the conglomerate are chiefly of 
pink quartzite, with some of felsite and, it is interesting to note, of 
a rock closely resembling the adjacent bostonite. The conglomerate 
is shown in our map (PI. XVII) only where it was actually ob- 
served ; it probably has a wider extension, but is concealed by peat. 

(2) The Red Sandstone.—This is identical in lithological 
character with the Red Sandstone of Kilbride, which it resembles 
also in having yielded no fossils. To the south-west of Bencorragh, 
on the hillside and in the stream-bed, it contains a thin band or 
bands of purple sandy shale, similar to that forming Band 5 a of 
the above table. Some 15 feet of this shale, passing up into flaggy 
beds, are seen in a stream-section a quarter of a mile west-south-. 
west of the top of Curraghrevagh. 

The lithological resemblance between this red sandstone and 
shale and the Salrock Beds of Ludlow age in the Leenane area is 
probably the reason why the former were coloured as Ludlow Beds 
in the Geological Survey maps. 

(3) The Annelid Grits.—These rocks are well exposed near 
Drin, and for some distance along the ridge to the west the peculiar 
worm-tubes which they contain are much in evidence. Farther 
west the worm-tubes are not seen, none having been noticed to 
the west of Bencorragh. In the western part of the outcrop the 
Annelid Grits thin considerably, become more thinly-bedded and 
flaggy in character, and include a marked development of quartz- 
conglomerate: this does not form a continuous band, but occurs 
in patches. In the stream running southwards from the col west 
of Bencorragh, these grits are about 90 feet thick. 

(4) The Finny School Beds (Calcareous Flags).—These 
beds, which reach a thickness of some 820 feet on Curraghrevagh, 
are of exactly the same character as those at Kilbride, and are 
very fossiliferous in places, especially at Drin. Like most of the 
Silurian deposits the Finny School Beds decrease in thickness when 
followed westwards. A list of the fossils found in these beds at 
Kilbride appears on p. 86 of our former paper. We found no 
additional species in the Lough Nafooey area. 

(5a) The Purple Sandy Shales (Tarannon). — These 
form a well-marked band traceable throughout the whole Lough 
Nafooey area, and seem to maintain everywhere much the same 
thickness—about 80 feet, as in the Kilbride area. 

(56) The Grey-Green Flags (Tarannon). — South-west 
of the top of Curraghrevagh pale-grey or green flaggy beds, 
reaching a thickness of 225 feet, are seen between the Purple Sandy 
Shales and the Doon Rock Grits. They yielded there Monograptus 
priodon Bronn and M. galaensis Lapw., kindly identified by 
Miss G. L. Elles, D.Sc., who remarks that the I. priodon is 
not the stiff, wide Wenlock form, and that the occurrence of 
M. qalaensis is in accord with the field-evidence as to the probable 
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Tarannon age of these beds. Similar grey flags have been observed 
to overlie the Purple Sandy Shales at several points along the line 
of outcrop eastwards, and they probably form a continuous band ; 
but we have not sufficient evidence to show them on the map 
(Pl. XVIT), in which they are coloured with the Doon Rock Grits. 

(6) The Doon Rock Grits (Wenlock).—These massive 
grits oceupy the whole of the southern part of the map. In 
the Kilbride area they were proved by the contained graptolites to 
be of Wenlock age. In the Lough Nafooey area obscure traces of 
graptolites have been found in the western part of Glentrague, but 
these specimens, which did not admit of identification, were the 
only fossils found in these grits. 

V. Frevp-RELATIONS OF THE INTRUSIVE IGNEOUS Rocks. 

(a) The Felsites. 

No masses of felsite occur, comparable in size with those of the 
Tourmakeady, Glensaul, and. Kilbride areas, and the rocks with 
conspicuous well-terminated quartz-crystals, so characteristic of the 
large intrusive masses of these areas, are almost completely absent. 

As in the Kilbride area, no felsite intrusions penetrate the 
Silurian rocks, and throughout the whole area, except near Curragh- 
revagh hamlet, and on the hillside two-thirds of a mile away to the 
south, the felsites are confined to the Arenig rocks. On the hillside 
west of the hamlet, however, outside the boundary of our map, a 
felsite-sill occurs in the Mweelrea Grits; while a second intrusion 
follows the boundary between the Arenig and Llandeilo rocks on— 
the left bank of the Curraghrevagh stream; and a third occurs 
along the northern face of the ridge extending westwards from 
near Benbeg, separating the Llandeilo grits from the bostonite-sill 
at the base of the Silurian. These intrusions are clearly of post- 
Llandeilo age. We believe, too, that the big intrusion south of 
Curraghrevagh hamlet is of post-Silurian age, as it is unaffected 
by a fault which shifts the Silurian deposits. This last-mentioned 
felsite-mass is the largest in the area, the next largest occurring 
about 23 miles away to the east, on the southern slope of Two- | 
Stream Valley. About eighteen other intrusions of felsite, none 
of them of any great size, have been found penetrating the spilite. 

(6) The Labradorite-Porphyrite. 

This rock occurs associated with bostonite, forming intrusions 
along the line of unconformity between the Silurian and the Arenig 
rocks. Only two intrusions were found. One, half a mile east of 
Bencorragh, is about 400 yards long, and occurs between the 
bostonite and the spilite. The other, about half a mile west-south- 
west of the former, seems to cut across the bostonite, so as to appear 
at its western end between the Silurian rocks and the bostonite, 
and at its eastern end between the Arenig spilite and the bostonite. 
"This intrusion has a surface-length of about 250 yards. 
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(c) The Lime-Bostonite. 

As in the Kilbride area, this rock forms a sill at the base of the 
Llandovery Beds, whether they rest on the Arenig rocks, as they do 
throughout by far the greater part of the area, or on the Mweelrea 
Grits (Llandeilo), as is the case at the extreme western end. In 
the Lough Nafooey area, in addition to the main intrusive sill, 
there are three minor dykes of this rock occurring in the Arenig 
spilite. 

The bostonite is very constant in character aa its whole out- 
crop, being very fine-grained, of a dark purple colour, and without 
obvious phenocrysts. While asa rule devoid of vesicles, it some- 
times becomes highly amygdaloidal. The thickness varies con- 
siderably, but is on the whole far less than in the Kilbride 
area, being frequently only some 30 feet. There is progressive 
diminution in thickness as the rock is followed from east to west, 
and, both north-east and north-west of the top of Curraghrevagh 
occur tracts where the bostonite is absent. On the other hand, it 
locally thickens to 80 feet, as in the bed of one of the streams 
flowing down from the cirque north of Benbeg. These streams 
afford an interesting and puzzling series of sections, and merit a 
somewhat detailed description. 

The westernmost stream (A on the map, Pl. XVII) shows no 
exposure below the conglomeratic base of the red sandstone. 

The main stream (B) shows the succession of exposures as seen 
in fig. 3, p. 114. There are two cascades the lower of which is over 
bostonite, resting upon an ill-defined gritty rock, and overlain by red 
sandstone with a conglomeratic base. Above this red sandstone 
comes a second band of bostonite overlain by a thick conglomerate, 
with patches of shale at the base. This conglomerate forms a 
relatively level tract of which the footpath crossing the stream 
takes advantage, and above it is a thick series of red sandstones 
over which the main cascade falls. The oceurrence of two bands 
of bostonite might be explained as a case of the bifurcation of an 
intrusion, but as each band of bostonite is succeeded by con- 
glomerate and red sandstone, it seems more probable that the 
repetition is due to a fault (see fig. 3). 

Stream C.—Here red sandstone without any conglomerate at 
the base rests upon bostonite, below which is an ill-defined gritty 
rock succeeded by a small dolerite- dyke. In the map (Pl. XVIT) 
these ill-defined gritty rocks in streams B and C are coloured as 
spilite. 

Finally, stream D, for some 40 yards above its junction with 
stream C, exposes felsite: then, after a gap, comes a curious rock 
which at first sight resembles a conglomerate. The ‘pebbles’ are, 
however, all red felsite, and it appears that the entire rock is really 
a much-crushed and weathered felsite. The upper part includes 
patches of very pyritous black shale and black chert. A band of 
bostonite about 80 feet thick follows, succeeded by red sandstone. 
A short distance east of this stream a fault brings on spilite. 
To this fault may be attributed, not only the crushed character of 
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the felsite, but possibly also the apparent thickness of the bostonite 
which may be swung round by the fault. As the big felsite-mass 
south of Curraghrevagh hamlet is unaffected by this fault, it is 
probably a post-Silurian intrusion. 

Taking the Lough Nafooey and Kilbride areas together, the 
bostonite-sill has been traced almost continuously for a distance 
of 7 miles. How much farther it extends is unknown, but it is 
seen on the northern shore of Derry Bay, half a mile from its 
outcrop at the eastern end of the Kilbride peninsula. | 
A second considerable intrusion of lime-bostonite occurs as a 

dyke in the spilite to the south-west of the top of Bencorragh, 
having a length of about three-quarters of a mile. The eastern 
part lies parallel to the main sill; but the western part diverges. 

Fig. 3.—NSection in Stream B, flowing down from Benbeg 
to Curraghrevagh hamlet. 

[Seale: 1 inch = about 100 feet. ] 

a= Red Sandstone. c= Patches of black pyritous shale. e=Gritty rock. 
b=Conglomerate. _ d= Bostonite. f=Fault. 

northwards, and is penetrated by two small dolerite-dykes. North 
of the little tarn at the col between the Bencorragh and Curragh- 
revagh ridges, two smaller intrusions in spilite occur, trending 
respectively a little to the east and a little to the west of north. 

(d) The Dolerites. 

The dolerite-intrusions include (@) augite-dolerites devoid of 
mica, and (6) mica-dolerites. 

The augite-dolerites occur as dykes in the spulites. They tend 
to weather to the same dark-brown colour as the spilites, and are 
in consequence often difficult to recognize in the field. — 

In the Kilbride area mica-dolerites were generally found intrusive 
in the Finny School Beds. In the Lough Nafooey area they 
mainly occur in the overlying Purple Sandy Shale. For the first 
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13 miles, as one follows the outcrop of this band westwards from 
the Finny River, no dolerites are seen. South and south-west 
of Bencorragh five small dykes occur either in, or in contact 
with, the Purple Shale. To the west of the big fault which shifts 
the Silurian outcrop northwards, these dykes become still more 
numerous, probably at least a dozen occurring between this fault 
and the one north of Benbeg. At several points the Purple 
Shales are much baked by these intrusions. Mica-dolerites are not, 
however, confined to the Purple Shale; thus a good example occurs 
in the grey shales underlying the Doon Rock Grits near the southern 
border of our map, half a mile east of Benbeg, and another in 
breccia west of the Finny River. 

VI. PErTRoGRAPHICAL DETAILS. 

(a) The Felsites. 

The felsites resemble very closely those of Kilbride, especially 
in the strong corrosion of the quartz-crystals and the frequent 
association of plagioclase (albite) with orthoclase. Pseudomorphs 
after pyroxene are, however, less characteristic. In many rocks 
the ground-mass is wholly or partly spherulitic. In one case (60) 
remarkable micropegmatitic groups representing twinned felspar 
occur. Three samples of felsite had an average specific gravity of 
2°64. 

(b) The Lime-Bostonite. 

Some of the lime-bostonites differ from those of the Kilbride 
area in their relative richness in quartz. ‘This is especially marked 
in the case of the oblique dyke south-west of the top of Bencorragh, 
as the marginal part includes abundant quartz-phenocrysts which 
have not been found in any other lime-bostonite from Kilbride 
or Lough Nafooey. Three samples of bostonite had an average 
specific aed of 2°65. 

(c) The Labradorite-Porphyrite. 

_ We have nothing to add to the description of this rock given in 
our Kilbride paper. 

(d) The Dolerites. 

These closely resemble the corresponding rocks from Kilbride, 
especially in the prevalence of mica-dolerites. Certain of the mica- 
dolerites (35), however, are exceptional in containing numerous 
crystals of hornblende. The augite is sometimes fresh, sometimes 
represented by pseudomorphs in carbonates; it may occur in well- 
formed crystals or in ophitic plates. No olivine was met with. 

The development of carbonates along the cleavage-planes of the 
mica is characteristic. Eleven samples of augite-dolerite had an 
average specific gravity of 2°81; one specimen of mica-dolerite gave 
2°80; 
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(e) The Spilites (Pillow-Lavas). 
At certain localities, particularly in the neighbourhood of Cur- 

raghrevagh hamlet, the spilite becomes coarsely porphyritie with ‘ 
abundant large albites. Dr. Flett, to whom we showed these rocks, 
compared them with those from the Plymouth and Newton Abbot 
neighbourhood.” The only other point to add to the description 
of these rocks given in the Kilbride paper, is the prevalence, 
especially near the top of Bencorragh, of vesicles filled with epidote 
or partly with epidote and partly with quartz. The average specific 
gravity of eight examples of spilite was 2°74. at 

VIL. Comparison oF THE Rocks OF THE KILBRIDE, LovGH- 
Naroory, AnD Kinnary AREAS; AND CONCLUSIONS. 

Although no fossils except radiolaria were found associated with 
the spilites and cherts of the Lough Nafooey crea, there can be no 
doubt that these rocks are the same series as those of the Kilbride 
area, which are associated with black cherts and slates containing 
Didymograptus extensus, and are therefore of Middle Arenig age. 
No igneous rocks of Middle Arenig age were described by Mr. Maute 
and Mr. Carruthers from the Killary area, but they obtained an 
abundant series of Middle Arenig graptolites in a bed of black 
shale and chert at Bencraff, 6 miles west of Lough Nafooey. 

Limestone-breccias so characteristic of the Tourmakeady and 
Glensaul areas, but completely absent’ at Kilbride, are met with 
again at Lough Nafooey and in the Killary district. At Glensaul 
they are associated with grits and other deposits containing 
Upper Arenig fossils (D.-hirundo Zone). At Killary, too, they are 
associated with strata considered to be of Upper Arenig age— 
the Leenane and Rossroe Grits. 

The Silurian rocks of the Kilbride area all extend across into the 
Lough Nafooey area; and though, as their outcrop is followed, 
certain differences in thickness and lithology are noticeable, the 
general resemblance of the successive beds ‘throughout the whole 
extent of the outcrop is so great as to amount to identity. 

The Killary and Lough Nafooey rocks, on the other hand, contrast 
somewhat strongly. The thick Red Sandstones and overlying 
Annelid Grits of the Lough Nafooey area are unrepresented in the 

- Killary area. ‘The next succeeding beds in both areas are similar, 
consisting principally of calcareous strata with abundant Llandovery 
fossils. In both areas these calcareous strata are followed by thick 
arenaceous beds ; in the Lough Nafooey area there are grits overlying 
flaggy beds containing Tarannon fossils, while in the Gllary area 
grits with Wenlock fossils overlie a coarse conglomerate. 

The highest beds in the Killary area, the Salrock Beds of Ludlow 
age, are unrepresented in the Lough Nafooey area. 

The Kilbride and Lough Nafooey areas agree very closely in 
regard to the intrusive rocks—felsites, lime-bostonites, coarse por- 
phyrites, and dolerites. The felsites do not, however, occur in such 

' See ‘Geology of the Country around Plymouth & Liskeard’ Mem. Geol. 
Surv. Expl. Sheet 348 (1907) pp. 95-97 & pl. iv, fig. 1. 
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large masses as in the Kilbride area. The relations of the rocks 
in the Kilbride, Lough Nafooey, and Killary areas are summarized in 
the appended table (p. 117). 

In conclusion we wish to tender our sincere thanks to Miss G. L. 
Elles, D.Sc., for identifying our graptolites; to Dr. G. J. Hinde, 
F.R.S., for examining our radiolarian rocks; to Dr. J. 8. Flett, 
F.R.S., for reporting on certain of our igneous rocks; and to Prof. 
G. A. J. Cole for the gift of 6-inch Ordnance Survey maps. 

EXPLANATION OF PLATES XVI AND XVII. 

Puate XVI. 

Fig. 1. Pillow-lava near the top of Bencorragh. 
2. Pillow-lava on the southern slopes of Bencorragh. 

PLATE XVII. 

Geological map of the Lough Nafooey area, on the scale of 
6 inches to the mile, or 1 : 10,560. 

DISCUSSION. 

Mr. E. 8. CopsBoup asked whether the other areas mentioned 
agreed with that of Lough Nafooey in having the younger side, so 
far as the Ordovician rocks were concerned, on the north and west, 
-and the still younger Silurian cover on the south and east. 

Dr. J. V. EusDEN remarked upon the description of certain of the 
intrusive igneous rocks, mentioned in the paper, as lime-bostonites. 
This type of rock was first described in detail by himself, and he | 
had applied to it. the term used by Prof. Brégger for the lime- 
bostonites of Meena. Other authors had since used different names 
for this rock, which was, he thought, adnutted to be a specific 
type. Although he attached little importance to its actual desig- 
nation, he did plead for uniformity of nomenclature, and drew 
attention to the confusion arising from a want of agreement as te 
what these rocks should be called. He presumed ‘that the rocks 
referred to by the Authors resembled those described in their 
previous papers under the same name. 

Prof. ReyNnops, in reply to Dr. Elsden, stated that the rocks 
from Lough Nafooey described as lime-bostonites were identical in 
character with those from Kilbride. There seemed to be lack of 
agreement in the use by petrologists of the terms lime-bostonite 
and keratophyre; the Authors used the former term for an 
intrusive, and the latter for a contemporaneous, rock. 

Mr. GARDINER, in reply, pointed out that the lowest fossiliferous 
Silurian beds in the Kilbride and Lough Nafooey areas were of 
Upper Llandovery age, and corresponded to the lowest fossiliferous 
Silurian deposits in the Killary district. The Arenig rocks lay 
with the Llandeilo rocks entirely to the north of them, and the 
Silurian rocks to the south. It was only in the extreme west of the 
-area that the Silurian deposits came to rest upon the Llandeilo grits. 
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Fig.l. Pittow-LAvA NEAR THE TOP OF BENCORRAGH. 

S. H.R., Photo. Bemrese, Colle. Derby 
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6. On the OccURRENCE of a Giant Dracon-F Ly zn the Rapstock 
Coat Measures. By Herzerr Botton, M.Sc., F.R.S.E.,. 

F.G.S., Reader in Palzontology in the University of Bristol. 
(Read February 4th, 1914.) 

[Puares XVIII & XIX.] 

Some two years ago, Dr. E. A. Newell Arber drew my attention to. 
a fragment of an insect-wing, lying upon a mass of shale which 
he had obtained from the Tyning waste-heap at Radstock Colliery 
(Somerset), and afterwards deposited in the Sedgwick Museum at 
Cambridge. Unfortunately, the precise horizon from which the 
shale came cannot be determined, because the waste-material from 
no fewer than five collieries is thrown upon the Tyning waste-heap, 
or Tyning Batch.* 
By the courtesy of Dr. Arber and the Sedgwick Museum 

authorities, I have been granted the loan of the specimen for 
the purposes of examination and description. 

The fragment consists of the proximal portion only of a wing, 
and forms, I believe, not more than a third of the complete 
structure. The wing has also been broken along its length, and a 
portion of the middle lost. This is apparently caused by the shale 
splitting irregularly, the shaly surface being more than usually 
uneven. ‘The anterior and posterior portions of the wing-fragment: 
still retain their normal position relatively one to the other, a 

_ condition unlikely to happen if they had drifted separately to the 
place where they now are. This also bears out the supposition that: 
the breakage is due to fracture of the shale, and that the missing 
middle part of the wing was upon the portion of shale that is 
broken away. The length of the wing-fragment along the anterior 
margin is 64 mm.; the length of the hinder margin is but 53 mm., 
a portion of the proximal extremity being missing. The greatest 
breadth of the wing is 40 mm. These measurements are indicative 
of an unusually large wing, and if, as I suppose, but a third of 
the whole is present, then the span of wing of the complete insect 
must have been considerable. No insect-wing of so large a size 
has hitherto been recorded from this country, and it can only be 
PREY by wings obtained from the Coal Measures of Commentry 
Aller). 
No trace of the body or other parts of the insect can be seen. 
The first feature that attracts attention in the wing-fragment, 

is the presence of four main veins only. This, if it occurred in a 
complete wing, would be very anomalous, and at once place the 
insect outside any known group. Six principal veins are generally 
recognized in the wing of an Orthopteron or Neuropteron, to one 

1 Q.J.G.S. vol. lxvii (1911) p. 322. 

Q. J.G.S. No. 278. | K 
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or other of which groups this fossil wing is likely to belong. Any 
principal veins that are lacking must necessarily have occupied 
the middle area from which the wing-structure is missing. The 
anterior wing-fragment consists, evidently, of two veins, the costa 
and sub-costa, the hinder fragment showing clearly the presence of 
the cubital and anal veins. As the anterior and posterior wing- 
margins are present, no loss of veins can have occurred, except in 
the middle of the wing, and it therefore follows that the absent’ 
veins are the radius and media. ‘The proximal anterior wing-margin 
consists, not of a free alar expansion, as is usual in the Protodonata, 
but of a coriaceous and tuberculate mass which is well marked off 
from the costa along its whole length. For some time J held the 
view that this coriaceous bar represented the costa, and that there- 
fore the anterior wing-margin was supported by a united costa and 
sub-costa, and the next. vein formed the radius. This view I do 
not now consider tenable, but regard the coriaceous bar as an 
unusual and highly-modified alar area. That other veins existed 
between the anterior and the posterior pairs is proved by traces of 
vein-fragments in the middle area, but so broken up and frag- 
mentary as to be almost unrecognizable. 

The traces consist of three short portions of a single vein lying 
in the middle line. These vein-traces are too small, and too far 
back, to have formed any part of the stem of the radius, but might 
well have been portions of secondary branching, or even of the 
media. Assuming that the radius and the media occupied the 
middle position to which I have assigned them, and that the obscure 
remnants of a vein are portions of one of these veins, the wing 
resolves itself into a more intelligible structure. At the same time, 
its likeness to forms belonging to the Protodonata becomes very _ 
evident. This fact is well borne out by a direct comparison of the 
wing-fragment with the corresponding portion of Meganeura 
monyt Brongn. Other Protodonate features also become clearly 
evident: namely, the parallelism of the principal veins, the co- 
existence of similar cross-veins, and the distinctive character of the 
anal areas in the two wings. So closely does the proximal part 
of the wing of J. monyz agree with the Radstock fragment, that 
there can be little doubt of some close degree of relationship. It 
is, therefore, on the assumption that it is a Meganeurid wing 
that I proceed to describe the general character of the Radstock 
specimen. 

Description. 

The extreme proximal portion of the anterior margin of the wing 
is swollen out into an elongated tubercular mass; which thins out 
distally, dying away imperceptibly along the anterior margin. 

It can be traced quite easily over a length of 20 mm.; near the 
articulation of the wing it is covered with numerous low, smooth- 
topped tubercles irregularly arranged. The extreme free margin 
shows up in one place as a flat, straight, knife-like edge, crossed 
by a series of fine striations directed antero-posteriorly. This 
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tubercular structure I regard as the equivalent of the free alar 
expansion seen in front of the costal vein in Meganeura monyi. 
It forms a rigid bar, enormously strengthening the anterior wing- 
margin, and rising proximally into a prominent shoulder. The 
costa is sharply marked off from the hinder margin of the tuber- 
culated alar mass, and passes directly outwards as a broad strap-— 
shaped vein, broadest at its point of origin, and very slowly 
diminishing in width as it passes outwards towards the tip of the 
wing. It must have formed the greater part of the frontal margin 
of the wing. At its articular origin the costa seems united to 
the next vein (sub-costa) bya common root, but examination shows 
that this apparent union is caused by a slight backward movement 
of the proximal end of the costa over that of the sub-costa, and that 
the two may have been quite free one from the other. Some 
distance beyond the termination of the alar mass the free margin of 
the costa gives origin at regular intervals to a series of low spines, 
projecting freely from the front edge of the wing, and gradually 
inclining outwards towards the wing-apex. A few scattered 
tubercles and a faint ridge occur along the middle line of the vein 
and eventually die out, leaving the distal portion of the costa 
smooth—except for the marginal spines. The hinder edge of the 
costa is straight, and interrupted along its course by a series of 
parallel branches, which pass directly backwards and join the 
sub-costa. Of these lateral branches eleven are still whole and 
clearly marked, while portions of nine others can be distinguished. 
It would, therefore, appear that the two veins were joined along 
their whole length by a parallel system of straight cross-branches 
with no intervening network. Several of these cross-branches 
seem to be jointed at their anterior third. 

The sub-costa arises in close contact with the costa, diverging 
rapidly until the two are about 56 mm. apart. Once the maximum 
divergence has been attained, the sub-costa remains fairly parallel to 
the costal margin, although there are indications that the two come 
together some distance beyond the edge of the wing-fragment. 

This is mainly brought about by the long flattened convexity of 
the costal margin. The costa and sub-costa are nowhere more than 
5) to 6 mm. apart, in the main but 4 mm., the interval narrowing 
down to 3 mm. at the broken distal edge of the wing. While the 
sub-costa possesses the flat strap-shaped character of the costa, it is, 
on the whole, a more delicate and slightly narrower vein. A few 
tubercles are disposed in an irregular median line along its length. 

Nowhere along the hinder margin of the sub-costa can be traced 
any portion of the general integument of the wing; the only indi- 
cation of a backward continuation is seen in the ragged edge of the 
proximal portion of the vein, and in traces of a few branch veins 
passing directly backwards. 

Radius and media.—I have already given reasons for supposing 
that the intermediate venation of the wing is missing, and that in 
all probability this venation consisted of the radius and the media 
with all their branchings. 

K2 
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The character of the radius and the media can only, therefore, be 
assumed by reference to what obtains in the wing of allied Proto- 
-donata, such as Meganeura monyi and MM. selysit. 

In these forms a complex of principal veins arises from one or 
two roots between the sub-costa and the cubitus. In the case of 
M. mony?, this complex arises froma relatively-stout radius and 
a closely-applied very thin media. In J. selysz, it would seem 
that the complex arises from a joint radius-media trunk. 

The vein-complex occupies almost the whole of the distal two- 
thirds of the wing in both species of Meganeura. Of its presence: 
in the Radstock wing-fragment there is no trace, except the detached 
fragments already mentioned. In the restoration which I have 
attempted (Pl. XIX, fig. 3) it will be seen that the vein-fragments. 
appear as parts of the media, the radius being wholly missing. 

Cubitus.—This vein is separated from the sub-costa by an 
interval formerly occupied by the radius and the media: this 
interval varies between 5 and 10mm. The cubitus is a strong 
flattened vein giving off an oblique branch from its hinder border, 
then curving forwards, and finally backwards as it pursues its 
course outwards. 

Its general direction is such as to lead to the inference that it 
curved backwards into the hinder wing-margin, probably reaching 
it, about the end of the middle third of the wing. The most: 
proximal portion of the vein has been broken away ; its course may 
probably be indicated by a faint line passing forwards in the 
direction of the bases of the sub-costa and costa. The outer of the 
two backward curves of the cubitus is the greater, and so a rela- 
tively wide interval lies between the cubitus and the hinder margin | 

of the sub-costa. This accords precisely with what obtains in the 
same region in Meganeura mony?, and is undoubtedly caused by the 
beginning of the vein-complex of the radius and media, which lay 
between the two. 

The oblique proximal branch of the cubitus, to which I have 
already referred, is a deeply-incised and stout vein which passes 
backwards until it joins with the anal vein. It has the appearance 
of an important commissure between the cubitus and the anal, or 
of a posterior branch of the former which has fused with the 
latter. 

Beyond the commissure, the cubitus is joined to the anal by a 
system of parallel shghtly-curved branches, similar in character to. 
those which unite the sub-costa with the costa. No fewer than 
twenty-five of these branches can be distinguished. Inward of 
the commissure are two similar transverse branches, a little more 
curved than the remainder. As in the costa and sub-costa, a 
median line of tubercular ornament 1s present. 

Anal.—The fourth of the strongly-marked veins is the anal. 
Its course is somewhat similar to that of the cubitus; but the 
proximal backward curve is longer and flatter than in that vein, so: 
that its forward-directed middle portion lies opposite to the second 

a felis aS 
+ , > : 
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backward curve of the cubitus: as a result, the two veins are 
somewhat widely separated proximally, and distally approach each 
other closely. The anal is, in this wing, a powerful vein, and 
certainly occupied more than half of the hinder wing-margin. 

The anal gives origin along the whole length of its hinder 
margin to a series of branches, which arise at slightly increasing 
intervals, being closest proximally and most widely separated 
between the twelfth and thirteenth branches, beyond which the 
interspaces narrow up to the origin of the fifteenth branch. These 
branches, proximally, pass in straight, or slightly oblique, lines 
backwards to the wing-margin. F arther out they become curved, 
the convexity being towards the wing-apex. The twelfth branch 
is a strong and important vein, which sweeps in a powerful 
double curve outwards and backwards to the w ing-margin. It 
corresponds in position to Brongniart’s ‘ Vein X.’ Beyond it are 
the remains of three feebler veins, which bend in a simple curve to 
the margin. The spaces between the branches are divided up into 
a series of quadrangular areas or cellules, by a great series of 
secondary rami arising at right angles to the branches. The 
twelfth branch, which stands out by reason of its robust character 
and sweeping curve, gives off, in its inner side, a series of rami 
which divide and separate so widely that at first a double, and then, 
near the wing-margin, a treble series of cellules are enclosed between 
them. On its outer or distal side, it cuts off a series of five branches 
arising from the hinder border of the main stem of the anal, the 
enclosed quadrangular areas being increasingly elongated antero- 
posteriorly up to the eighteenth branch, the course of which is not 
interrupted by that of the twelfth. 

‘Vein X’ of Brongniart.—The cellules enclosed in the anal 
area by this vein show a tendency to rregularity, both in size and 
in form, much in excess of the irregularity noted in Meganeura 
mony?t, and those cellules which lie along the hinder wing-margin 
are longer than wide. 

The integument in many of the quadrangular cellules is marked 
by a slight central elevation, which, under high magnification, 
presents the appearance of a circular thickened lip, with a central 
depression or perforation. These structures are marked by no 
regularity of disposition, but are most numerous on each side 
of the twelfth branch of the anal. The integument within the 
cellules is, in some instances, obliquely wrinkled. The hinder wing- 
margin is almost straight, well defined, and spinous along the whole 
or a great part of its length. The spines are low, directed out- 
wards, and in general character somewhat similar to those that occur 
in the anterior margin of the wing. They are not so clearly shown 
however, and it is doubtful whether they are truly marginal, or 
whether the integument stretches a little beyond them : I incline 
to the latter view. The wing-fragment appears to lie with the 
ventral surface uppermost. It is, therefore, a proximal 
fragment of a right wing. 
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Affinities—The broad longitudinal principal veins, with their 
straight cross-branches, and the characters of the anal area form 
typical Protodonate features, and there can be little doubt that 
the wing belongs to a member of that group. Its relationship 
seems closest to the genera Paralogus and Meganeura. The 
genus Paralogus of Scudder contains but one species—P. 
eschnoides. The specimen upon which the species was founded is 
incomplete, the tip of the wing being missing. It was restored by 
Scudder, who gave a maximum length of 125 mm. to the complete 
wing. This implies a much smaller insect than that to which the 
Radstock wing-fragment belonged. 

A comparison of the Radstock wing-fragment with the proximal - 
third of Paralogus eschnoides shows that there is a general simi- 
larity, but a wide difference in detail. P. eschnoides does not 
possess a free alar expansion on the anterior margin of the wing, nor 
is there any trace of tubercular ornament. The costa and the sub- 
costa are more widely separated than in the Radstock wing, the sub- 
costa reaching the wing-margin beyond the middle of the length of 
the wing. 

The cross-branching of the smaller veins is much the same in the 
two wings. The main points of difference are the presence in the 
Radstock specimen of tubercles along the main veins; the remark- 
ably robust character of the latter; also the development of 
marginal spines, and of a frontal coriaceous bar. It is, however, 
with the members of the remarkable family Meganeuride that the 
Radstock wing-fragment seems to have the closest relationship. 

Meganeura mony?, the huge dragon-fly described by Brongniart * 
from the Stephanian of Commentry, possesses a powertul costal vein, 
which does not reach the frontal margin until the middle of the . 
wing—the inner half of the frontal margin being occupied by a 
free alar development of the wing-integument. This alar area 
occupies the position which, in the Radstock specimen, is occupied 
by the coriaceous tubercular bar. The costal vein in both is a 
broad and powerful strap-shaped structure, which undoubtedly 
reached to the wing-apex in the Radstock wing, and is known to 
do so in MZ. monyz. In both wings the costa is separated by a 
slight interval from a somewhat parallel and weaker vein, the sub- 

costa. The sub-costa is a much weaker vein in JZ. monyz than in 
the Radstock specimen, where it is little inferior in development to 
the costa itself. 

The hinder pair of veins in the Radstock wing correspond very 
closely indeed to Brongniart’s ‘Veins VIII & IX’; the twelfth 
branch of the hinder vein in the Radstock wing also corresponds 
to ‘Vein X’ of Brongniart. In detailed structure the two wings 
differ markedly. There is no evidence of anterior and posterior 
spines in Meganeura mony?, nor of the extensive tuberculations 

_ 1 “Insect Fauna of the Rhode Island Coalfield’ Bull. U.S. Geol. Surv. 
No. 101 (1893) p. 21. : b 

2 ‘Faune Entomol. Terr. Prim.’ 1893, p. 521, & pl. xli, figs. 1, 4; also C. R. 
Acad. Sci. Paris, vol. xeviii (1884) p. 833. 
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seen upon the principal veins in the Radstock wing. JZ. mony? is 
also a wider wing, with only one trace of elongated cellules along 

the proximal hinder margin, 
and no areolze are present in 
the cellules around ‘ Vein X.’ 
These differences are scarcely 
generic, and I see no reason 
why the wing should not be 
classed as Meganeurid. 

It is possible, perhaps, to 
regard the frontal tubercular 
bar not as a modified alar area, 
but as a highly-modified costa, 
closely attached to the sub-costa 
along its whole length. If such 
a view be taken, the second 
principal vein would be the 
radius, and the media and the 
vein-complex developed from it 
would alone be absent. 
Such a view I had once taken, 

but have abandoned in favour 
of that already set forth. Con- 
sidered as a Meganeurid wing, 
the Radstock specimen is no 
primitive structure, but a highly- 
modified wing, in which a se- 
condary development of spines 
and tubercles is a strong fea- 
ture. In the absence of the 
hinder wing, it is not possible 
to determine whether the mar- 
ginal spines upon the inner 
border served for interlocking 
the two wings during flight, 
but some such function appears 

SSieeae oe ance) to be suggested by the evidence. 
So Even if it should be considered 

Seneca that the difference which separ- 
HEY ated the Radstock specimen 

from Meganeura monyt was of 
mp generic rank, the fragmentary 
cs character of the specimen, and 

my consequent inability to de- 
termine all possible generic 
characters, causes me to place 

A die the specimen provisionally in 
the genus Meganeura, and as a new species—to which I attach the 
name of radstockensis. 

The specific characters are the presence of a tubercular and 
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coriaceous frontal marginal bar to the costa, the presence of spines 
upon the frontal and. “hinder margins, and the occurrence of an 
oblique commissure uniting the cubital and anal veins. 

Horizon.—Upper Coal Measures, Radstock (Somerset). 

Dimensions.—The dimensions of the wing-fragment have 
already been stated, and a reconstruction of the whole insect—based 
upon that of Meganeura monyi—gives the insect a total wing- 
length of 74 inches. 

Allowing a width of 1 inch for the diameter of the thorax, the 
whole wing-span of Meganeura radstockensis would not have been 
less than 16 inches. This is about 8 inches less than the oe 
ot M. mony. 

I desire to express my ‘nil bbl to Mr. J. W. Tutcher, for 
the skill with which he has photographed the wing-fragment; and 
to Mr. R. E. J. Bush, for the drawing of the restored outline of - 
the wing. 

EXPLANATION OF PLATES XVIII AND XIX. 

PLATE XVIII. 

Fig. 1. Photograph of the wing-fragment, showing the positions of the anterior 
and posterior pieces, and the area formerly occupied by the radius 
and media. Enlarged x 1°3. 

2. Proximal portion of costa and sub-costa, showing the tubercular anterior 
edge, and the backward slipping of the costa over the sub-costa. 
Enlarged x 4. 

3. Distal portion of the costa and sub-costa, showing the spinous anterior 
border of the former, the cross-branches uniting the two veins, and © 
a median line of tubercular ornament Byes the sub-costa. Enlarged 
x 4. 

PLATE XIX, 

Fig. 1. Proximal portion of the inner margin, showing the development of 
stout submarginal spines. Enlarged x 4. 

2. More distal portion of the inner margin, showing the submarginal 
spines. Enlarged x 4. 

3. Restoration of the wing of Meganewra radstockensis, upon the lines 
of M. monyi. Half of the natural size. 

DISCUSSION. 

The PresipEnt (Dr. A. Srranan) complimented the Author on a 
most interesting and detailed piece of work, and commented on the 
extreme beauty of the photographs by which the communication 
was illustrated. 

Mr. G. W. Youne congratulated the Author on a very delicate 
and successful investigation, and regretted that such papers were 
not more frequently presented to the Society. It seemed to him 
almost incredible that objects of such extreme tenuity as dragon-. 
flies’ wings could ever be preserved so perfectly as the specimen 
shown. He doubted that the spines of the fore edge of the hind- 



Quart. Journ. GeEot. Soc. Vor. LXX, Pc. XVIII. 

Fic.l. WInG FRAGMENT. x1!1-3 

. ae 

Fic. 2. PROXIMAL PORTION OF COSTA AND SUB-COSTA. 
ey AR AGEEE SE & 7 .7 "l= 5 gee ay ¥ ‘ GHA wey 

on 4 j 

Fig. 3. DiSTAL PORTION OF COSTA AND SUB-COSTA. 
~ ™- Fr ‘ > : ‘ .. Sa +3 bon A 
Ao 7 Fy - oe eS my fa bt. Fe | . % a wee! at 

» P + 7 ‘5 

J. W. Tutcher, Photo. Bemrose, Collo, Derby 

MEGANEURA RADSTOCKENS!IS. 



a ee 



Quart. Journ. Geo. Soc. Vor. LXX, Pv. XIX. 

FiG. |. PROXIMAL PORTION OF THE INNER MARGIN. 

~~ » \ a 

y) 

Bemrose, Collo, Derby 
J. W. Tutcher, Photo. 

MEGANEURA RADSTOCKENSIS. 





Vol. 70. ] FROM THE RADSTOCK COAL MEASURES. 127 

wing acted as hooks to catch on to the hinder margin of the fore- 
wing, because, so far as he was aware, no recent dragon-fly possessed 
them, and it was difficult to think that so useful a structure, once 
acquired, would ever have been lost. If their function was as the 
Author suggested, he thought that it was not a case of the fore- 
shadowing of the typical wing of the Hymenoptera, but more 
probably an instance of homologous evolution. 

Mr. E. A. Martin suggested that certain marks between two of 
the veins were evidence of recent folding, and that the wing was 
that of a young individual. He referred to the hidden ancestry of 
this giant dragon-fly, and thought that perhaps after all, in early 
geological times, evolution did move per saltum. 

The AvrHoR, in reply to Mr. Young, said that, as only a third of 
the wing was known, it was difficult to decide whether the spines 
upon the hinder margin served for the interlocking of the two wings, 
or foreshadowed what is seen in recent Hymenoptera. 

In reply to Mr. Martin he stated that, in his opinion, the wing- 
fragment was that of an adult insect, for he considered that the 
frontal coriaceous bar upon the costa could hardly have reached 
so mature a state of development in a young form. He thanked 
the Fellows present for the kind way in which his paper had been 
received. 
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I. IntRODUCTION. 

In the winter of 1911 I undertook a journey to the Victoria Nyanza 
on behalf of the British Museum, in order to investigate some beds 
of Miocene age, discovered in 1909 by Mr. G. R. Chesnaye while 
prospecting near Karungu on the eastern coast of the lake. He 
discovered fragments of bones and of Chelonian carapaces in 
low cliffs capped with basalt, situated a few miles to the south- 
east of Karungu. Mr. C. W. Hobley, C.M.G., H.M. Provincial 
Commissioner, who has made important researches in the natural 
history and anthropology of British East Africa, immediately 
realized the significance and importance of the discovery, and 
induced the late Mr. D. B. Pigott, a Government official, to under- 
take a search for further specimens. As the result of his efforts, 
he forwarded to Mr. Hobley a portion of the left ramus of the 
mandible, some teeth, and the patella and caleaneum of a Dinothe- 
rium, together with fragmentary remains indicating the presence 
of a small Rhinoceros (Aceratherium), Trionyx, Testudo, and 
some Crocodilian remains. 

Mr. Hobley presented these fossils to the British Museum, and 
Dr. C. W. Andrews, F.R.S., described and figured the remains of 
the Dinotherium, which he named D. hobley?, in the Proceedings 
of the Zoological Society for 1911 (pp. 943-45 & pl. xlviii), 
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regarding the species as very similar to D. cuvieri Kaup, of the 
Lower and Middle Miocene of France, especially characteristic 
of the Burdigalian horizon. 

Unfortunately, nothing was known of the circumstances of the 
discovery, for Mr. Pigott was shortly afterwards killed by crocodiles, 
when his raft was upset by a hippopotamus that he had wounded. 
Accordingly, I offered to utilize my leave by going out to Africa, 
in order to make a thorough investigation of the locality and to 
collect specimens for the British Museum. 

The time at my disposal for the actual work was short, owing to 
the lengthy voyage: only two months remained for me to carry 
out the examination of the entire district, and to search for further 
outcrops of the beds, to describe, measure, and correlate the strata 
in the different exposures, to collect and extract fossils and to 
determine horizons, to make plans to scale of the chief outcrops 
and a map of the neighbourhood, as well as to take a series of 
illustrative photographs of the beds. 

Contrary to expectation, there was no definite bone-bed: isolated 
bones only occurred at wide intervals, and nearly always in a frag- 
mentary or shattered condition; hence it was practically useless 
to employ native labour.* 

I am greatly indebted to Dr. C. W. Andrews and to Mr. R. B. 
Newton for their reports accompanying this paper on the Verte- 
brata and on the Mollusca respectively. 

Il. DESCRIPTION OF THE MIOCENE SERIES OF THE 

Victorra NYANZA. 

Broadly speaking, the entire series of these lacustrine sediments 
may be classified into the following three groups, according to their 
dominant character; but there is no unconformity or discontinuity 

1 At the instance of Dr. A. Smith Woodward, F.R.S., the expenses of the 
journey were defrayed by subscription, chiefly by the generosity of Mr. Charles 
Storey, F.G.S., and also by the late Rev. R. Ashington Bullen, Sir Henry 
Howorth, F.R.S., Dr. G. B. Longstaff, Dr. A. Smith Woodward, Mr. W. Heward 
Bell, Mr. H. R. Knipe, the late Mr. W. H. Sutcliffe, and Mr. W. E. Balston ; 
and I also received special facilities for railway-transport in British East Africa 
by kind permission of the Secretary of State for the Colonies. 

2 The district is malarious, and lies in the heart of an area devastated by 
sleeping-sickness. All reconnoitring has to be undertaken on foot, for no 
horse can live in this country of the tsetse-fly ; the season happened to be 
phenomenally hot, even for this Equatorial district, the shade-temperature 
averaging 95° Fahr. and sometimes reaching 110° Fahr. Sir Percy Girouard, 
then Governor of British East Africa, kindly placed the little Government 
schooner at my disposal, thus enabling me to save time in reaching Karungu 
from the railhead at Kisumu. I have also great pleasure in acknowledging 
with gratitude the ready assistance and hospitality of Mr. C. W. Hobley, 
C.M.G., H.M. Provincial Commissioner at Nairobi, Mr. John Ainsworth, 
C.M.G., H.M. Provincial Commissioner at Kisumu, Mr. D.C. Crampton, H.M. 
District Commissioner at Kisii, and Dr. B. W. Cherrett at Kisii; and in 
tendering my thanks to Mr. Waller, H.M. Director of Government Transport, 
who rendered me much assistance on my arrival at Mombasa. 
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of sedimentation to be observed anywhere in the series, although 
changes in character are frequent :— 

(1) An. upper series (average thickness=70 feet) of grey and brown clays 
and shales, containing very few fossils. Beds of sandstone are of rare 
occurrence. 

(2) A middle series (average thickness=30 feet) of variable red and grey 
clays, with white sandstones in the lower half. 

(3) A lower series (average thickness=55 feet) of buff-coloured sandstones 
and torrential gravels (containing the Dinotheriwm Zone), passing down 
(at Nira) into clays and marlstones. 

Travertinous beds occur at intervals fiitomehne the whole 
series.. The exposures are in gullies and cliffs at Nira, Kachuku, 
and Kikongo, to the east of Karungu (see Pl. XX VI, and § III 
on the Distribution of the Miocene Series, p. 135). 

(1) The upper series (Beds 1 to 12) forms a natural division, 
consisting mainly of pale-grey, sometimes brownish-grey clays, 
which frequently alternate with thin seams of shale (often with 
dendritic manganese oxide). Chiefly in the upper part (for 
instance, Nos. 3, 5, & 8, but also No. 11 at South Nira) beds of 
grey, fine-grained, argillaceous sandstones occur, usually current- 
bedded—-enerally about 3 feet thick and exceptionally (No. 3 
at East Kachuku) 10 feet thick (see Pl. XX). They are composed 
of quartz-grains, large plates of biotite, and augite-crystals. 

Fossils are extremely rare in this upper series, and usually occur 
only in the sandstones; for instance, a few land-shells in No. 8 
(Tropidophora nyasana E. A. Smith, Limicolaria, Cerastus), an 
Ampullaria and a crocodile’s tooth in No. 5, and an indeterminable 
river-crab and some Crocodilian scutes in the clay of No. 12 at 
Nira. At the very top of the series, immediately below the capping 
of nepheline-basalt, the grey clay of No. 1 contains portions of 
calcified tree-trunks ranging up to 1 foot in diameter and 14 foot 
in length, of Dicotyledons. They have been examined under the 
microscope by Miss N. Bancroft, who finds that the specimens 
represent types belonging to the Malvacez (similar to the African 
Bombax msigne), to the Geraniales (Humiria), to the Papilio- 
nales, and to the Caprifoliacee (similar to some species of Lonicera 
and Viburnum). Since one of these stems, in the same state of 
mineralization, occurred embedded in the lower brecciated portion 
of the basalt-flow at Kachuku, it seems probable that they had 
been fossilized by the agency of calcareous springs at the time of 
the deposition of the grey clays, and before the eruption of the 
basaltic lava-flows. 

Thin beds of travertine alternating with grey clay are character- 
istic of the horizon of Nos. 9 & 10 in the eastern area, but do not 
occur at Nira in the extreme west. 

Immediately below the sandstone of No. 8 at Kikongo, in the 
extreme east of the area, a breccia (1 foot thick) occurs of coarse 

1 The detailed measurements and descriptions are given in the comparative 
table of the outcrops exposed in the various gullies, Appendix I. 
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erey sandstone with angular and but slightly rolled fragments 
(measuring up to an inch and a half in diameter) of pink and grey 
gneiss, green andesite, and quartz, all derived from the country 
farther east, which seems to point to fairly-close proximity of 
the land. Pee too, at Kikongo, at the base of No. 12, another 
bed of sandstone occurs, which is not found farther east. 

(2) The middle series (Beds 183 to 25) is much more varied in. 
character, and fossils are more frequent. In general, the tendency of 
the clays to become red is very marked ; thin beds of travertine occur 
at intervals, and sandstones and gravels prevail towards the base. 

Transitional conditions are indicated by No. 13, which consists 
of about 5 feet of greenish-grey clay (sometimes speckled with 
flakes of biotite), with intercalary layers of pink concretions. Some 
fragmentary Chelonian remains (ribs and scutes of Zrionyx) and 
a large Artiodactyl astragalus were the only fossils obtained at this 
horizon. 

The most persistent bed in the whole of the Miocene Series is 
No. 14, which constitutes a marked physical feature, giving rise 
to a nearly level terrace, fairly wide at Nira and forming the upper 
edge of a small cliff. Typically this bed consists of a dull-red 
hard marlstone, passing occasionally either into impure travertine 
or more rarely into a soft clay. In places it is mottled red and 
grey; usually it is only 6 inches thick, but it may swell out to 
18 inches, and is traversed by vertical joints filled w ith caleite and 
limonite. The upper surface of the terrace presents the appear- 
ance of an irregular pavement of bricks. At the extreme east 
(Kikongo) it has lost its redness, and has become dark grey. It 
is characterized by numerous casts of Ampullaria ovata and 
Lanistes carinatus, also opereula of the former, together with 
fragmentary Chelonian and Crocodilian remains. A “similar bed 
yielding similar fossils occurs with less constancy in the upper part 
of No. 15, which consists of rapid alternations of red clay and thin 
layers of pinkish-white calcareous concretions, somewhat resembling 
lésspiippchen. Probably they were formed by gentle currents 
disturbing the deposits from calcareous springs in a muddy lagoon. 
The redness of the clay is inconstant, and frequently passes into a 
grey or greenish-grey. No. 15 thins out eastwards. 

Nos. 13, 14, & 15 form essentially a natural group (10 to 12 feet 
thick) separated from a somewhat similar group (Nos. 18, 19, & 20,. 
8 to 12 feetin all), in which red clay predominates (with numerous. 
inconstant seams, 1 to 2 inches thick, of argillaceous travertine), by a 
very constant horizon (1 to 2 feet thick) of Nos.16&17. In No. 16 
(see Pl. XXI),a grey argillaceous sandstone, I found a very few but 
interesting jaw-bones of a small new type of Hyracoid (Miohyrax 
oswaldi), with Ampullaria ovata, scutes of Trionyx and crocodile. 
No. 16 overlies a sandy clay (No. 17), the last-named bed en- 
closing an occasional seam of sandstone with similar Crocodilian 
and Chelonian remains, all in a very fragmentary condition. 
Fossil bones are a little more frequent in the Jower part (Nos. 18. 
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to 20) of the series, and coprolites (probably Crocodilian) are 
characteristic of these beds. No. 20at Nira displays an interesting 
instance of a contemporaneous water-channel in the underlying 
clay, now filled up by a buff-coloured sandstone. 

Nos. 21 to 23 form another natural group, consisting of pale- 
grey or even white sandstones, current-bedded, and sometimes — 
exceedingly hard. ‘Towards the east they become argillaceous, and 
even -pass laterally into grey clays (at Kikongo), mottled some- 
times with red. Where the sandstone becomes gravelly, the 
constituents are usually of grey sandstone (apparently derived from 
older beds in the Miocene Series), together with quartz, ironstone, 
green andesite, and pink gneiss. In the lower sandstone (No. 23) 
of Nira I noticed a number of stylolithic concretions, lying 
adjacent one to the other, each consisting of spiral coats, and — 
probably due to some special conditions of contraction during 
consolidation. As soon as the beds become more arenaceous fossils 
occur more frequently, and in the hard sandstone (No. 22) of 
Kachuku I found the tibia of a Proboscidean somewhat re- 
sembling that of Dinotheriwm, associated with Ampullaria and 
a Podocnemis. Chelonian and Crocodilian remains occur in all 
the sandstones of this series, and I was able to restore a nearly 
complete carapace of Cycloderma victorie (from about a hundred 
pieces) occurring in the white sandstone of No. 21. 

Nos. 24 & 25 form a natural group, composed of a fine orange 
gravel (No. 24) overlying a greenish-grey clay with seams of 
cellular travertine. The gravelly sand is only a few inches thick 
(3 to 9 inches), but constitutes a very definite horizon. It is of 
special interest for containing teeth, not only of Crocodile and 
Dinotheriwm, but also of Protopterus ( which has not, I believe, 
been found hitherto in a fossil condition) and of rodents similar 
to Phiomys. The underlying greenish-grey clay of No. 24 con- 
tained opercula of Ampullaria and fairly numerous shells of 
Cleopatra exarata. 'The grey clay of No. 25 (sometimes reddish 
towards the west) contains remains of Trionyx, coprolites, and 
part of a tusk, probably of Dinotherium. 

(3) The lower series (Nos. 26 to 37) includes beds of a 
more torrential character than the preceding. 

Nos. 26 to 29 form a variable series (7 to 8 feet thick) of 
sandstones and gravels, becoming coarser and more calcareous 
towards the base; the constituents comprise not only grey sand- 
stone, quartz, pink gneiss, and green andesite, but also jasper. At 
Kachuku No. 28 forms a coarse, nodular, caleareous conglomerate, 
and most of the pebbles have a calcareous coating; it often con- 
tains large lumps (measuring up to 2 feet in diameter) of yellow 
marlstone, evidently derived from a lower bed, enveloped in several 
concentric coatings of carbonate of lime. Fossils are very sparing 
and fragmentary in these gravels, and mainly consist of Chelonian 
and Crocodilian remains with coprolites and a fragment of Dino- 
therium-tusk. The beds of gravel are lenticular and inconstant, 
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and in the gully of South Nira Nos. 28 & 29 are altogether 
absent. 

This group of gravels rests upon a remarkably persistent con- 
glomerate (No. 30) of calcareous nodules (but not extending far 
to the east of Kachuku), passing in places into a nodular sand- 
stone of such hardness that, where it has been undercut by the 
action of temporary waterfalls in the gullies, it only breaks off in 
large slabs measuring 12 by 4 feet or thereabouts (Pl. XXII, 
fig. 1). In some cases I found a nodule, with its many concentric 
coats, containing a fossil, such as a Trionyx scute, for a nucleus ; 
but often no definite nucleus could be traced. The nodules have 
not been sorted according to size, but he haphazard in a white 
caleareous cement, from small pebbles up to boulders 2 feet in 
diameter. They are always, however, ellipsoidal hike river-pebbles 
and, when they are fractured, the ‘fracture- planes prove to be’ 
frequently coated with dendritic manganese. 

Below this conglomerate occurs a very variable group (No. 31) 
of grey or brown clay with Ampullaria ovata Olivier and 
Cleopatra bulimoides Olivier, brown seams of marlstone, and 
caleareous conglomerate at the western end (at Nira) of the out- 
crop; but towards the east, at Kachuku, this group (only exposed 
in a narrow gully) consists of 6 feet of grey clay overlying 14 feet 
of hard buff-coloured sandstones, current-bedded and having streaks 
of pebbles, very similar to the Triassic pebble-beds at Nottingham. 
They enclose two zones of gravel composed of overlapping ‘Jenti- 
cular beds (the pebbles consisting simply of quartz and ironstone), 
and it was only im these hard eravels that bones occurred, often 
much shattered and fragmentary, and at wide and uncertain 
intervals. 
~The upper gravel zone immediately underlies a discontinuous 

layer of yellow marlstone (Pl. XXII, fig. 2), and is particularly 
characterized by remains of Dinotherium and Anthracotheres 
(Brachyodus, Merycopotamus, Merycops africanus, etc.), Rhino- 
ceros, a Carnivore (Pseudelurus africanus), part of the carapace 
of a giant Tortoise (Testudo), Trionyx, Crocodile, and a land-shell 
(Cerastus mellendorffi). 

In the lower gravel zone only much shattered Chelonian 
remains were present. Grey travertine, 2 feet thick, is visible at 
the base of this zone. 

Nos. 32 to 36 form a variable group of brown clays, alternating 
with orange-brown marlstone (32 & 34) containing ‘Ampullaria 
and Cleopatra, and often exhibiting small cavities lined with 
caleite-crystals. At West Kachuku this group passes into brown 
clay with layers of travertine, overlying a buff-coloured sandstone 
enclosing streaks of gravel and lenticles of travertine. This in 
turn overlies an orange-brown marlstone containing so much 
angular quartz that it “becomes a quartz-ironstone breccia, facing 
the Kuja Plain in a low cliff at West Kachuku. 

Finally, the lowest bed (No. 37) is a mottled dark-crimson 
and yellow clay (6 to 12 feet) overlying (at Nira) a dark- 
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green amphibolite * belonging to the basement-floor of schists and 
gneisses, upon which these Miocene beds were deposited. (See 
§IV, p. 188.) 

Summary of Physical Conditions. 

The quartz-ironstone breccia was probably derived from the 
weathered products of the old land-surface, which must have 
accumulated to a great thickness before the transgression of 
the lake formed the lagoon in which the Miocene Series was. 
deposited. Therewas doubtless a more or less steady subsidence 
throughout the period of deposition, rapid at first and gradually 
diminishing in intensity. To these earth-movements may be 
ascribed the formation of the quartz-veins which traversed not 
only the basement of amphibolites, but even penetrated for a. 
short distance into the lowest clays (at Nira), accompanied by 
ferruginous thermal waters reddening the basal clays. Caleareous 
springs were also active, especially in the lower section of the 
deposits, but travertine was formed intermittently up to the top of 
the whole series. The torrential character of the sediments brought. 
down by a large river (probably the precursor of the present Kuja) 
is prevalent in the lower series, as shown by the frequent alternation 
of current-bedded sandstones with beds of gravel at Kachuku; but: 
farther west, at Nira, the older part of the same period is represented 
by a. prevalence of clays and marlstones, while on the east the 
whole series is missing. The upper part of the lower series is 
marked by the formation of beds of calcareous nodules, showing 
the existence of fairly strong currents, capable of rolling along and 
keeping in constant movement large and heavy nodules up to 2 feet: 
in diameter in the lime-laden waters of the lagoon or shallow gulf. 
This was followed by a well-marked torrential period of calcareous. 
gravels, the constituents of which were derived, not from the 
south, but from the east. 

The middle series marks a transitional period when the new 
river-system was becoming mature, wherefore torrential deposits are 
exceptional and temporary, forming only thin beds of fine gravel. 
White or pale-grey current-bedded sandstones are characteristic of 
the commencement of this series, but there is a continually increas- 
ing tendency to deposit finer and yet finer sediments until red clays 
predominate, interrupted by travertinous layers and more rarely 
by thin seams of sandstone. The remarkable persistence of the 
travertinous marlstone of No. 14, which is readily recognizable 
from Nira to Kikongo (where, however, it has lost its redness 
and has become quite grey), seems to indicate the presence at this. 

1 The rock is a fine-grained felt of green acicular hornblende, abundant: 
microlites of an acid labradorite, quite fresh and doubtless secondary,, 
and fine aggregates of small quartz-granules. A few unaltered grains of 
ilmenite still occur, although it has mostly been changed to leucoxene, 
and there is a little zoisite and diffused calcite. The original rock was,, 
not improbably, a dolerite. 
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time of a calm lagoon, communicating with the main body of the 
lake to a sufficient extent to allow the molluscs Ampullaria and 
Lanistes to live in its waters and to be preserved in this bed. 
The remark may be made, in passing, that no bivalves were pre- 
served in any of the deposits—a circumstance difficult to explain, 
in view of the abundance of Unio, 4itheria, Spherium, ete., on 
the shores of the present lake, unless the sediments were laid down 
at such a distance from land that the only shells capable of being 
deposited were those of gastropods which floated until they became 
waterlogged and eventually sank. At the present day, gastropod 
shells are seen floating on the lake several miles away from the 
shore. 

The red coloration of the clays is the most marked feature of the 
middle series, especially in the western area, and perhaps indicates 
the activity of ferruginous springs in this district. 

Finally, the upper series indicates the time when the rivers 
had nearly reached their base-levels, and were no longer able to 
bring down heavy loads: the sediments consist essentially of grey 
or brown clays alternating with shales, and interrupted quite ex- 
ceptionally by grey sandstones, or more frequently by thin seams 
of travertine. These sandstones with large plates of biotite and 
augite-crystals probably were the product of unusually wet seasons, 
when the rivers were swollen beyond their ordinary dimensions. 
In the uppermost beds the petrified stems represent some unwonted 
circumstances, in which waterlogged tree-trunks were calcified by 
the agency of calcareous springs. 

The upper series (averaging 70 feet) is nearly equal in thickness 
to the middle and lower series taken together. This circumstance, 
in conjunction with the argillaceous nature of the sediments, 
indicates that a very long period of time elapsed during their 
deposition ; therefore, although the lowest beds are of Lower 
Miocene age, it is not impossible that the uppermost beds may 
extend even into the Pliocene. 

III. Distripurion oF THE MIocENE SERIES. 

These Miocene deposits have been almost completely overwhelmed 
by flows of nepheline-basalt, which do not, however, seem to have 
appreciably baked the underlying clays for more than a few inches; 
but the junction was everywhere obscured by thick downwash and 
overgrowth half way up the cliffs of East Kachuku and Kikongo. 
The insignificant amount of baking was probably due to the fact 
that the lava-streams had reached their southernmost limit, and 
had therefore already cooled down considerably. 

The Miocene deposits are present along the southern margin of 
the lava-plateau, from Nira on the lake to Kikongo, 44 miles away 
to the east (Pl. XXVI, fig. 1), but unfortunately they are still for 
the greater part concealed beneath a thick covering of superficial 
deposit termed regur or black cotton-soil; and it is only in the 
gullies of Nira, Kachuku, and Kikongo that a relatively small 

—Q.5.G.8. No. 278. I 
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portion has been uncovered. The occurrence of stone-implements 
of a Neolithic character (chiefly made of devitrified obsidian, but 
also of quartzite and quartz-porphyry, all with a thick brown 
patina), which I found lying on the wide terraces of Beds 23 & 26, 
both at Nira and at Kachuku, seems to indicate that a considerable 
space of time has elapsed since the first formation of these gullies. 
Every year will see a larger area exposed by the torrents of the 
rainy season, and a periodical search by a geologist or by a Govern- 
ment official on his round of the province through Karungu would 
certainly result in important finds. 

Everywhere I found the dip of these beds constant: namely, - 
8° north by west. As a result of this northerly dip, they soon 
disappear completely beneath the basalt-plateau, which extends for 
30 miles northwards; and even the deep meridional valleys at 
Kitama and Kikongo failed to reveal any trace of them. These 
broad valleys seem to have been excavated in the deposits prior to 
the eruptions of the basalt, which flowed down into the valleys 
from the higher ground, completely covering and sealing up the 
lateral slopes. Another reason for believing that a great part of 
these deposits must have been destroyed by denudation before the 
outflow of the lava-streams, is founded on the circumstance that 
the continuity of the beds between Nira and Kachuku has been 
interrupted by a basalt-flow extending from Nira Hill down to the 
actual level of the plain, filling up an old valley which had been 
eroded in the soft clays and sandstones. 

Even on the south, no traces of the beds could be discovered. 
In this direction the uplifted strata, which also thin out south- 
wards, would have occurred at a continuously higher level, and 
were therefore more liable to be destroyed by denudation when the 
lake stood much higher than at present, or by the erosion of the 
Kuja and its tributaries. 

South of the wide Kuja Valley I could find no indication of 
them in the hills of granitic gneiss, which extend to the Anglo- 
German frontier—despite the fact that this area is probably a 
depressed block of land, judging from the obviously drowned valleys 
lying between the long narrow promontories of Mohuru; but the 
initial formation of these valleys may have preceded the deposition 
of the Miocene sediments. 

The shallowness of the Bay of Karungu, in sharp contrast with 
the steep gradients of the lake-bottom along the coast to the 
north and south, indicates that the Miocene deposits had once a 
considerable westward extension over the site of the bay, and have 
been destroyed by the action of the waves, which break on this 
shore in heavy rollers. 9.4 

There are, indeed, indications that the series thins out southwards, 
and probably it never extended very far in that direction. The 
exposures, both at East Kachuku and at Kikongo, lie considerably’ 
(namely, 6 furlongs and 10 furlongs respectively) to the south of 
the line of strike of the outcrops at Nira and Kachuku, and in both 
the two first-named localities the lower beds have thinned out 
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considerably : for instance, Beds 30 to 36 are completely absent 
and only a trace of the crimson clay of No. 37 is visible at Hast 
Kachuku. Moreover, the lower beds of the middle series are 
already thinner, and the unproductive upper series of grey clays and 
shales is alone well developed in these two southernmost occurrences. 

The only chance, therefore, of finding further outcrops was to 
search along the line of strike. After leaving Kikongo, I noted 
that the basalt no longer rested on the Miocene deposits, but 
directly upon an ancient and much-altered augite-andesite, which 
extends over a wide area, now completely deserted and given back 
to wild animals, owing to sleeping-sickness. Finally, I found 
what appeared to be an isolated remnant of the upper beds near 
Minyere on the Kuja River, 15 miles in a straight line from the 
lake-shore, tilted up at exactly the same inclination: namely, 
8° north by west, at 3906 feet, very nearly the same altitude as 
Kachuku (38960 feet). 

Here, in a gap on the wooded banks of the river, where lions and 
antelopes come down to drink, I found the following downward 
succession, similar to No. 3 of Nira or No. 4 of Kikongo :— 

Thickness in feet inches. 

(le) SAPO RUM AE gD Pes weep teeSeieie + a aedoes 0 6 to 9 
aa) oe SURIAL CS IRN ae SS oc. Ca. hs.) 9 Se slop yhdeeja-ns-dhe's nina if 0 
[hy MEST OMIA TEEPE ers coc, cei e554 5! sno oem wheats 4) 0 6 
(4) Brown clay, becoming sandy in the lower part, 

and overlying the old augite-andesite, which 
extends in rocky masses of angular boulders 
more than halfway across the river ............ 8 0 

In another exposure, 100 yards farther down the river, grey 
clays were visible, forming a low cliff in a broad tributary valley, 
about 50 yards away from the Ogo Ford of the Kuja; they pro- 
bably belong to a lower horizon, and are similar to No. 9 of Nira 
and Kachuku :— 

Thickness in inches. 

(1) Hard grey clay, shaly in i fie lower 3 inches ......... 9 
(2) Garey: Sumer ar nese thet as sts coc. ehh teeta i: 
(al). Gite eet mee yok a, iia od Noel iew dadades st 3 
(Al) Mina maar e a ye eye ooo hb eee kas oleate et: 9 
(5) Grey clawitearamon SAGN foo. cc elk accede bev vee 12 

The broad valleys in this region, tributary to the Kuja, all show 
a grey clayey soil, perhaps due to washed-out remnants of these 
deposits. 

Although not a trace of fossils was visible, it was clear that the 
character of these beds is altogether different from the homo- 
geneous river-alluvium of the opposite bank. They are precisely 
similar to the upper beds of the Miocene Series as seen at Nira, 
East Kachuku, and Kikongo; they occur on the same line of 
strike and at the same altitude, and show the same dip. Hence, it 
seems only reasonable to consider that this occurrence represents 
the easternmost remnant of the beds, and that they have been 
completely denuded away from any part of the intervening andesitic 

L2 
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area which they may once have covered. Probably this extensive 
denudation was not so much subaérial, as due to the lake having 
stood for a long period at a level of nearly 4100 feet above the sea: 
that is, about 328 feet above the present level, as indicated by 
the evidence which I adduce later (p. 146). 

IV. Basement-F1noor oF THE MIocENE SERIES. 

The amphibolite at Nira is traversed by a vein of quartz a foot 
thick (running in a west-north-west to east-south-east direction), 
which passes up into the overlying crimson clay, and extends 
also laterally. It is evidently owing to associated ferruginous 
solutions that both the amphibolite and the originally yellow clay 
are traversed by a network of veins with dark crimson staining. 
In the gully of South Nira the aniphibolite passes upwards into 
about 20 feet of rotten rock (a grey, sandy, brown-veined clay), 
covered by a foot of brown ferruginous sandstone, probably repre- 
senting the ancient ironstone soil or murram which cloaked the 
older rocks prior to the transgression of the lake in Miocene times. 
This basement-floor of amphibolite is not level, but rises in small 
irregular bosses and ridges, with a north-westerly strike, covered 

_ by the crimson basement-clay (No. 37); on the south-eastern and 
eastern side of the South Nira Gully it rises in a rounded knoll, 
which is directly overlain and flooded by the nepheline-basalt from 
Nira Hill. 

This basement is not actually visible at Kachuku, but the cliff 
of quartz-ironstone breccia at West Kachuku is probably the old 
soil of the amphibolite, somewhat remanié by the transgressive 
waters of the lake, and it is overlapped by the crimson clay 
(No. 37). It forms a low bare ridge with north-westerly strike, 
stretching towards Nira, and it is free from the envelope of black 
cotton-soil extending on each side. Farther east the crimson clay, 
cropping out about 150 yards from the base of the cliff of Hast 
Kachuku, overlies a similar quartz-ironstone breccia, full of par- 
ticles of angular quartz (up to 2 inches in longest diameter) and 
of partly rounded ironstone. Lower down the slopea pale greenish- 
grey phyllite! crops out from under this ironstone breccia, having a 
foliation directed 30° south-south-west and a north-north-west to 
south-south-east strike. It forms the western and southern selvage 
to the rounded hill of Rabur, and borders the alluvial plain of the 
Kuja. Rabur rises rather abruptly out of the gentle slope of 
the schistose area, and consists of a dark-green fine-grained zoisite- 
hornblende rock.* It is probably an altered dolerite, and weathers. 
into rounded blocks, contrasting with the splintery chloritic cale- 

1 Tt consists essentially of calcite and chlorite, with abundant leuco- 
xene in drawn-out lenticles and a little quartz. 

2 The rock is chiefly composed of green hornblende in sheaves of bladed 
crystals, together with zoisite and some quartz in very fine aggregates. 
Ilmenite is rather abundant, often altered marginally to leucoxene;. 
pyrite and epidote are accessory. 
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schist at its base. It is noteworthy that the amphibolite of Nira 
occurs exactly on the prolonged line of strike of the schist. This 
chloritic schist perhaps represents the strongly-sheared selvage of a 
zone of amphibolites lying north of the broad zone of gneiss that 
occurs on the south of the Kuja Plain (see p. 140). 

At Kikongo, the junction of the Miocene beds with its basement- - 
floor is greatly obscured by downwash and murram; but, on the 
eastern side (in the Kitama Valley), a boss about 100 yards in 
diameter of the underlying igneous basement crops up. The rock 
is a highly-altered and decomposed hornblende-porphyrite 
with massive jointing, and probably represents an ancient intrusive 
mass; the microscope reveals no evidence of any pressure-meta- 
morphism. In this case, and in several others, it was impossible 
to obtain fresh and unaltered rock-specimens, owing to the great 
depth to which alteration has taken place. 

South of Kikongo the lower slopes immediately below the deposits 
consist only of quartz-ironstone breccia, and the underlying rock was 
not revealed until I reached a point 2 miles away to the south, where 
a very much weathered and chloritized amphibolite rises out of its 
thick mantle of ironstone-breccia. It is not unlike a much-altered 
and coarser variety of the amphibolite of Nira. The rock is but 
slightly schistose (dipping 67° south-westwards), and shows the 
north-westerly and south-easterly strike which is characteristic of 
the metamorphic area east of the Victoria Nyanza. It has weathered 
deeply to a rich orange-brown soil with some quartz, exactly in the 
manner of the other amphibolites. 

The next hill on the east, separated by a broad shallow valley, 
only shows the usual quartz-ironstone breccia, but it is traversed 
by a reef (striking north-east and south-west) of brownish quartz, 
10 feet thick, veined with white quartz. The neighbouring hills on 
the east and south-east are similar in appearance and composition. 

South of Nira and Kachuku the wide alluvial plain of the 
Kuja Valley extends for 5 miles, unbroken in relief excepting 
for nests of termites, 10 to 15 feet high. Towards the lake-shore 
the brown sandy soil occurs in gentle ridges, probably marking old 
storm-ridges. Very often the soil is black between the ridges, 
with occasional angular pieces of basalt derived from the regur 
which occurs near the shore between Nira and Karungu. The 
Miocene deposits probably extended originally for a considerable 
distance southwards over the site of this alluvial plain. The 
Kuja flows now along the southern border of the plain; in the 
dry season its banks rise about 20 feet above the river-level, and 
consist of homogeneous brown alluvium without any shells. In 
one place (below the last ford), a layer of black alluvium (derived 
from regur from the north) is intercalated midway in the brown 
river-mud ; but there is no sign of shaly lamination. 

Almost immediately south of the river is a wide zone of grey 
gneiss of granitic appearance. The outlying hills, such as Naka- 
nero (altitude, 4040 feet) and Angaohi (4006 feet), rise out of river- 
alluvium to a height of about 300 feet above it, and were obviously 
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once islands when the lake stood ata higher level. Still farther 
south the bays of Gurekeri and Mohuru are just as obviously 
drowned valleys, and this characteristic becomes increasingly pro- 
nounced in the gulfs farther southwards as far as Mwanza. But 
the lake at the present day is falling in level, and therefore 
these drowned valleys are no longer so deeply submerged as they 
once were. . 

This gneiss* weathers into large bare blocks, usually rounded, 
but sometimes angular, often longer than broad, and vividly recalling 
the granite-tors of Devon and Cornwall. Both in this and in the 
other instances of granitic gneiss which I observed in the Nyanza 
province, the gneiss is so much fresher than the schists, that it is 
probable that they are of later date, as in Rhodesia, and that they 
have undergone only a slight amount of pressure. Most of the 
occurrences present the appearance of having originally been 
intrusive granites. . 

V. Tue Basatt-PLaTEav or GwaASst. 

The Miocene beds are capped by the terminal lava-flows belong- 
ing to the basaltic system of Gwasi (6384 feet), the central peak 
of which rises 17 miles north of the southern tongues of the lava- 
streams that have buried up the sediments. On sailing round this 
massif of Gwasi, from the Kavirondo Gulf to Karungu, I was 
struck by the resemblance of the scenery to that of the basalt- 
plateau of Skye and the Western Highlands, the lofty cliffs con- 
sisting of flow upon flow of columnar black basalt like Ben More in 
Mull; while the flat-topped outliers, now detached by extensive 
denudation, are the exact counterparts of Macleod’s Tables in Skye. 
The outlying islands of Mfwanganu on the north-west and of the 
symmetrical pyramid of Nagodaluru on the south-west once (as 
shown by the soundings) stood in connexion with the main mass. 
The neighbouring systems of Gembe (6208 feet) on the north, of 
Ruri (5583 feet) with its many cones on the north-east, and even 
of Homa (5742 feet) still farther north-east, consist of the same 
nepheline-basalt or nephelinite, and forma geological unity. 

Although the basalt, at a superficial glance, appears to be of very 

1 The felspar and quartz prevail over the ferromagnesian constituents ; 
the orthoclase allotriomorphs (up to 5 mm. in length) are often turbid 
centrally with decomposition-products, and enclose an occasional granule of 
kyanite and zireon—the cleared margin often shows undulose extinction, with 
patches of fresh microeline developing at its expense. Plagioclase 
(oligoclase-andesine, Ab,An,) is quite subordinate. Quartz occurs in granu- 
litic mosaics, with rough parallelism bordering the orthoclase-crystals, and 
here sometimes shows a myrmekitic intergrowth. Green hornblende is 
present in larger crystals (up to 4 mm. in length) than the biotite with which 
it is associated, but is not so frequent, and shows the usual pleochroism 
(a, pale straw; 3, sap-green; y, blue-green). Biotite occurs in greenish 
flakes, enclosing apatite and small zircons with pleochroic halves. Sphene 
is accessory in pale-brown, rather large crystals, sometimes bordering the 
rare grains of magnetite; and a few granules of pyrite are present. 
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uniform texture and composition, it is, on the contrary, extremely 
variable, exactly like other nepheline-lavas. The most typical 
variety is a specimen’ which I collected south of Homa Bay, on 
the Rungwena Plateau, belonging to the Ruri system. It presents — 
many points of similarity to the nepheline-basalt of Fogo in the — 
Cape Verde Islands. 

The regularity of the slope from the central mass, right down 
‘to the last lava-streams at Nira and Kikongo is very distinct, when 
viewed from the lake or from the Kuja Plain. In several cases, it 
is clear that many of the now isolated hills that rise above the 
Bay of Karungu have been carved out of the plateau by denu- 
dation, whether they are flat-topped hills such as Omangi (4532 feet) 
or conical peaks such as Tigra (5031 feet) and Okai (4857 feet), 
which still show a lava-flow in section capping their actual 
summits. The lava* on Nira Hill, for instance, was clearly once 
in continuity, not with Nundowat on the east, but with flat-topped 
Omangi on the north-north-east, but it is now separated by a wide 
and deep valley. On the other hand, it is also evident that there 
were several subsidiary points of eruption, even so far south as the 
peak of Nundowat (4479 feet), almost at the southern limit of 
the plateau, overlooking the Miocene deposits. It is a boss of huge 

1 The black compact rock, with irregular fracture, contains numerous crystals 
of pale-green augite (diopside) measuring up to 11 mm. in longest diameter, 
with frequent twinning, both simple, lamellar, and herring-bone, often zoned, 
and sometimes bordered by augite of a darker green; occasionally enclosing 
magnetite-grains, a nepheline-crystal, or some brown glass full of microlites. 
A few rather small crystals of olivine have been serpentinized and stained 
yellow by iron oxide, and in several cases are surrounded by a wreath of 
green augite and magnetite-granules. Nepheline is present in large fresh 
idiomorphs, enclosing augite-needles and magnetite, as well as in small quad- 
ratic crystals. Magnetite is abundant in large hexagonal crystals, down » 
to quite small dimensions. Apatite is fairly frequent, enclosing numerous 
minute, purple-black, longitudinal rods. The ground-mass consists of a 
close felt of augite- and magnetite-granules, with occasional clear streaks of 
allotriomorphic nepheline, into which larger needles of green augite project. 

2 This rock is very similar to the Rungwena basalt,,nd contains similar 
augites but no porphyritic nepheline ; and, since no olivine is present, it would 
be properly termed a nephelinite rather than a nepheline-basalt. On the 
other hand, it contains some pale-brown, nearly resorbed hornblende- 
crystals, sometimes surrounded by a wreath of augites with occasional small 
flakes of biotite. In the clear streaks of allotriomorphic nepheline in the 
ground-mass occur some instances where allotriomorphic sanidine seems 
also to be present ; but the twinning is much less sharp than usual. 

_ ©. Uhlig collected some specimens of the lava 1600 yards inland from 
Karungu, and here, according to the description by M. Goldschlag (‘ Beitrage 
zur Kenntnis der Geologie & Petrographie Ostafrikas I.’ Centralblatt f. Min. 
1912, pp. 567 & 593), it proved to be nephelinite, since no olivine was present ; 
it contained allotriomorphic nepheline, like my specimens collected a little 
farther south. Uhlig’s three specimens were taken all close one to the other, 
but showed considerable variety: in one case nepheline occurs mostly in the 
ground-mass, and is only occasionally idiomorphic ; the proportion of nepheline- 
crystals increases in the second specimen; and, in the third specimen, the 
nepheline is almost exclusively in the form of idiomorphs, while the ground- 
mass contains some glass in this specimen alone. 
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angular boulders of scoriaceous nepheline-basalt* (see Pl. XX1I), 
30 yards in length from south-west to north-east and 20 yards 
wide, rising rather abruptly to a height of 30 or 40 feet from the 
genera] surface of the lava- -plateau. 

The lava on the surface of this plateau is highly scoriaceous, with 
steam-cavities measuring up to 4 inches in length, and it descends 
very steeply, but apparently with its original slope, into the valleys 
of Kachuku on the south and of Ubware on the north. In both 
these cases I found the lava-stream to be highly brecciated with 
large fragments of its own substance, indicating its superficial 
character; and, near the head of the Kachuku Valley, I noticed 
that the lava-stream had not merely caught up and rolled along 
cooled fragments of its own substance, but contained one of the 
calcified tree-stems from the uppermost clays of the Miocene beds 
over which the lava had flowed. 

The nepheline-basalt seems to be particularly susceptible to 
atmospheric denudation, and, owing to its homogeneous nature, it 
weathers readily into conical hills. The outlier of Homa still pre- 
serves the plateau-like character, although the detached northern 
peak is conical. The dissection of Ruri is much farther advanced, 
and it consists entirely of a group of cones, while the outliers on 
the extreme eastern margin of the basaltic area consist of separate 
symmetrical cones: for instance, Chamanga, Uchimbo, and Asego, 
rising with remarkable abruptness (slopes of 32°) from the level 
alluvial plain. 

The products of denudation of the nepheline-basalt consist of 
black cotton-soil or regur, a black alkaline clay (very sticky 
and plastic when wet, but friable and cracking readily when dry). 
Everywhere in this area the regur swathes the lower slopes of 
the basalt hills in a thick mantle, and fills up the valleys. As 

Mr. H. B. Maufe has remarked, 2 the most suitable conditions 
for its formation are to be found on 

“level or gently rolling ground where the rocky substratum is impervious and 
the under-drainage consequently bad.’ 

Now, the clays of the Miocene beds form a completely impervious 
substratum, and here J found the greatest thickness of regur: 
namely, up to 20 feet. Everywhere it contained land-shells (Zro- 
pidophora sp.) still showing colour-bands, with occasional angular 
fragments of basalt; and in the lower half the little grey, rough, 

1 This rock is also very similar to the Rungwena basalt, but contains no 
porphyritic nepheline ; the augite shows the same characteristics, and ser- 
pentinized olivines are also present, with a very few flakes of biotite, in a 
somewhat similar ground-mass of looser texture. The nepheline of the 
ground-mass has, however, become more individualized, although not showing 
erystal-outlines ; allotriomorphic nepheline enclosing small augites and mag- 
netites forms the major part of the matrix; the remainder consists of a 
yellowish base, probably serpentinized glass. A single hexagonal crystal of 
leucite is visible in the slide. ’ 

2 «Report relating to the Geology of the East Africa Protectorate’ Colonial 
Reports, Miscellaneous, No. 45, 1908, p. 55. 
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caleareous concretions or kunkar are frequent, while in the wide 
valley of Wawengi (between Karungu and Omangi) bones of ante- 
lope, zebra, warthog, etc., sometimes occur: probably the animals 
were mired in the extremely sticky black clay during the rainy 
season. 

The presence of this regur with land-shells over the zone of 
Miocene beds along the foot of the lava-streams, and the absence 
of any freshwater shells, would seem to indicate that this area has 
not been submerged by the lake since the uptilted Miocene deposits 
were concealed by lava. In the gully of West Kachuku, however, 
the lower half of the regur showed a roughly-stratified layer of 
boulders of basalt with fragments of the Miocene sandstones, and 
these were probably brought down by a temporary torrent during 
an exceptionally heavy rainfall. 

Inland the impervious substratum necessary for the formation of 
the regur is provided by a yellow loam; for instance, in the 
Kitama Valley, 4 feet of regur overlay 6 feet of yellow-brown 
loam (derived from the disintegration of the basalt), containing 
small lumps of kunkar and land- shells, together with occasional 
angular fragments of basalt (about 2 inches in diameter), and 
weathering in vertical walls, the whole presenting great similarity 
in appearance to the leess of China. Similar relations between the 
regur and the lcess occur also in the wide valleys draining into 
Karungu Bay. 

It was exclusively in the basaltic region that I observed this 
black earth, both in the Karungu district and again over the 
Rungwena Plateau (south of Homa Bay) nearly as faras Langueh. 
In the banks of the Agulu Muk River, which cuts through this 
peas I noticed the following succession :— 

Thickness in feet. 
Ey ee ae a ete ere aa Sk 2 eid ae eed la cade ode ves 4 
(2) Compact, calcareous, brownish-grey loam (leess), with 

pi yo eo a ag en 3 
(3) Soft grey clay, with fragments of basalt .................. 4 
(4) Coarse yellow gravel, with partly rounded blocks (mea- 

suring as much as 18 inches in longest diameter) 
of quartz-porphyry, quartzite, andesites, and banded 
jasper, dipping 5° north-eastwards, that is, towards 
Be FEVER ee ee ee ee i ia eles 3 

(5) Quartz-porphyry in situ, much decomposed. 

As one descends to the lake from the Rungwena Plateau, the 
following section is seen in the right bank ‘of. the Rungwena 
River :— 

Thickness in feet. 
3 OU pee ketpe s yege te | s/n) ie 

(2) Hard grey voleanic tuff, dipping 8° north-north-west- 
wards, that is, towards the river ................5.....0.005 1 

(3) Brown clay, with sparse pebbles of quartzite, granite, 
Dasalt, jasper, and Tromstone 211.2 ..6.. 1... 2.6. 4 

Nearer. still to Homa Bay, Seminya and the hill west of it 
consist of a grey volcanic tuff, dipping 2° northwards, veined with 
hematite. Probably Ruri was the centre of the explosive action 
which gave rise to these tuffs. 
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VI. GEOLOGY OF THE COUNTRY BETWEEN THE VICTORIA 

NYANZA AND THE Kistr HIGHLANDS. 

The gneisses and amphibolites forming the foundation upon which 
the Miocene beds repose, together with the nepheline-basalts which 
cap them, have already been described, and a reference has been 
made to the old augite-andesite that occurs east of Kikongo. 
This augite-andesite,’ together with its agglomerate, has a consider- 
able distribution, extending for 11 miles from near Kikongo east- 
wards to Gongogongo, and from Nonnia south-eastwards for at any 
rate 9 miles and probably much farther. The hills and ridges ot 
this andesite have the same north-westerly and south-easterly strike 
as the rest of the gneissic area, yet there is no evidence of cata- 
clastic structure in the rock, although it has been much altered 
(the augite, in particular, being uralitized), and it is every — 
traversed by thin veins of quartz. 

The steep-sided hills of the andesite often display rugged crags 
and precipices, especially above the Gogo Falls on the Kuja River, 
in the Kodondo Cliffs, and in the striking hill of Nyakuru 
(4673 feet) with its twin peaks. This area has evidently under- 
gone a great amount of denudation, whence we may infer that the 
rock now exposed was probably rather deep-seated originally. 

An interesting circumstance is the occurrence at Metamala of the 
andesitic agglomerate weathering into picturesque rugged crags of 
bare rock, crowded with rounded masses (2 feet or more in diameter) 
of grey quartz-augite diorite,? and also of microgranite, gneiss, 

1 The rock is least altered at Kodondo (5 miles east of Kikongo). Here it is 
compact and greenish grey, displaying splintery fracture, crowded with tabular 
idiomorphs (measuring up t> 4 mm.), dusty and saussuritized, of plagio- 
clase (andesine, Ab,An,), and abundant idiomorphs (up to 3 mm.) of pale- 
green augite (diopside), much uralitized, the uralite in turn altering to 
chlorite and epidote. The augite is sometimes twinned, and contains apatite ; 
when adjacent to a quartz-vein it is margined by a secondary brownish-green 
hornblende. Biotite is represented by a few pseudomorphs of chlorite with 
magnetite and a little epidote ; originally it was partly resorbed. Magnetite 
occurs in large grains enclosing apatite, as well as small plagioclases and 
augites. Apatite and pyrite are accessory. The ground-mass is micro- 
peecilitic, the texture being coarser round the bigger augites. Thin irregular 
veins of quartz traverse le rock, 

At Nyakuru (3 miles south-east of Kodondo) the rock is nearly identical ; 
but the augite has here been entirely uralitized, and the uralite has also been 
partly altered to chlorite; some original biotite, however, still remains un- 
altered, with a resorption-border of magnetite and actinolite. 

At the Ogo Ford on the Kuja River (6 miles east-north-east of Kodondo) 
the rock is also very similar, but has undergone alteration to a greater degree, 
the uralitized augite having been replaced by chlorite, or by epidote and 
calcite, or even entirely by calcite. Yet the plagioclase is fresher than in the 
previous two specimens. 

* In this rock plagioclase (oligoclase-andesine, Ab,;An, ) predomi- 
nates in tabular crystals (measuring up to 1 cm. in longest diameter), with a 
strong tendency to idiomorphism: it is occasionally intergrown with ortho- 
clase—zoning is seldom visible, and is confined to the margin, which is often 
composed of fresher felspar; it is sometimes partly intergrown with quartz 
peripherally, and contains chlorite along cracks, but is not so decomposed as. 
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jasper, and andesite in a dark-green fine-grained matrix, so as to 
present the appearance of a puddingstone. The contained rocks do 
not, however, weather unequally, as might be expected, but in 
perfect uniformity with the matrix—as if the rock had been cut 
through sharply and cleanly with a knife, irrespective of its varied 
contents. Microscopic examination suggests that the diorite is 
merely the deep-seated form of the augite-andesite, the augite in 
both cases being uralitized; and the uniformity of weathering is 
further accounted for by the intimate manner in which both the 
matrix and the contained rock-fragments are penetrated by a 
network of thin veins of quartz. 

Crags of this agglomerate occur on both sides of the Ogo Valley 
and up the Dodo Valley to Dodo and Taygoreh, as well as south 
of Metamala. On the periphery of the agglomerates, for instance, 
at Moroya, more than 5 miles south-west of Metamala, a dark- 
green banded tuff occurs (see footnote), very hard and compact, also 
silicified, but without the big rounded fragments; and this banded 
tuff also builds up the hills of Godateli and Yangena west of 
Metamala. The summit of Godateli is traversed by a thick vein 
of white quartz striking north-north-east and south-south-west, 
which has so resisted weathering as to cause the formation of this 
rounded hill above the rolling plain of tuff. The low hill between 
the Metamala and Moroya plains (covered by quartz-ironstone 
breccia) similarly owes its formation to the presence of quartz- 
veins and their resistance to weathering. Although time did not 
allow me to determine the limits of the agglomerate and tuff on the 
south-east, it is clear that they cover an area exceeding 5 miles in 
diameter, and mark the centre of eruption of the augite-andesites, 
which probably extend as far south-eastwards beyond the agglome- 
rate as they do westwards and north-westwards. 

The agglomerate and tuff weather to a mixture of ironstone and. 
quartz, and honeycombed patches of murram are frequent here, 
as on other ferruginous soils. 

the orthoclase, which is subordinate in amount and turbid. Green horn- 
blende is abundant in imperfect crystals (up to 3mm.) with a uralitic 
aspect, the uralite changing to chlorite, calcite, and epidote. Some biotite 
(associated with the hornblende) was originally present, enclosing apatite, but 
is now altered to epidote and calcite. Sphene and magnetite are accessory. 
Quartz is abundant in interstitial granules, sometimes with strings of fluid 
inclusions. Fine veins traverse the slide, filled with quartz and epidote, or 
else recemented by secondary minerals—a fractured quartz-grain by secondary 
quartz, felspar by-felspar, and hornblende by hornblende. 

In the tuff of Moroya, on the southern periphery of this outcrop of agglo- 
merate, the fragments consist essentially of the constituents of the diorite, 
but with diopside only partly uralitized, the uralite changing into chlorite 
(exactly as in the andesite of Kodondo). Hence the hornblende of the diorite 
is probably all derived from augite, and the pagal rock would have been a 
quartz-augite-diorite. 

The tuff, both at Metamala and at Moroya, is a crystal-tuff composed of 
the constituents of the diorite, and numerous fragments of microlitic felts of 
quartz with oligoclase-microlites ; both rocks are traversed by fine veins of 
quartz (sometimes with epidote), and are evidently very siliceous. 



146 DR. F. OSWALD ON THE [June 1914, 

Along a zone about 50 feet above the present level of the Kuja 
Valley (that is, at an altitude of about 4000 feet), occur quantities 
of well-rounded pebbles of quartzite (measuring up to 6 inches 
in length), which have evidently been brought down by the Kuja_. 
from the parent-rock of the quartzite of the Kisii Highlands at a 
time when the river flowed at a higher level than at the present 
day. This zone of quartzite-pebbles is well marked along both 
sides of the Olasi Valley, especially on its south side, between 
Nangina and Nyaroya, and also along the low ridge above the 
Ogo Ford north of Yangena. 

Although further evidence is necessar y, it seems to me e probable 
that this zone of pebbles at the 4000-foot level marks an old 
beach-line of the Victoria Nyanza. It is extremely noticeable, both 
in this district and in the area south of the basaltic cliffs of Nira, 
Kachuku, and Kikongo, that all the hills and contours below 
this altitude are gentle and rounded (for instance, Rabur), with 
particularly broad valleys ; while abruptly above this level I noticed 
pointed hills (for instance, Mirema), terminating in rough and 
rugged crags. Hxactly the same striking contrast is noticeable in 
looking across the Kavirondo Gulf from Kendu, vividly recalling 
the contrast in Norway between the lower rounded glaciated slopes 
and the non-glaciated crags and peaks above them. ‘This level is 
roughly about 300 feet above the present level of the lake, which 
must (at this altitude of 4000 feet) have just reached to the foot 
of the basaltic cliffs, and must have chiefly contributed to the 
destruction of the Miocene deposits at their base. On the western 
shore of the Victoria Nyanza, gravel-deposits and caves occur at a 
height exceeding 300 feet above the lake in the cliffs of the coast 
of Buddu, north of the Kagera River." 

In proceeding eastwards from Metamala I found that the coarse 
agglomerate persists up to the gneiss of Gongogongo, without 
passing into tuff as it does on the west and south. The acacia 
forest on the steep slopes of this range of hills precluded any exact 
observations of the mutual relations of these rocks, but the gneiss 
forms a gigantic obelisk of colossal, bare, rounded blocks, thus 
constituting a natural landmark for many miles round. The rock 
is a pink granitic biotite-gneiss,” weathering pale brown, and 
probably was originally an intrusive granite. On the north-east side 

1 Sir William Garstin, ‘Report on the Upper Nile’ Cairo, 1904, pp. 32-39. 
2 This rock contains numerous allotriomorphs (measuring up to 9 mm. in 

longest diameter) of orthoclase (microperthite), of tabular habit with 
Carlsbad twins, and traversed by a finely dusty perthitic network ; sometimes 
displaying a brecciated margin of plagioclase. Plagioclase (oligoclase- 
andesine, Abz:An;) is subordinate, occurring in smaller crystals (measuring 
up to 7 mm. in longest diameter), often interstitial between the larger ortho- 
clase-crystals ; occasionally turbid centrally with flakelets of white mica, but 
clear marginally. Biotite (up to 2 mm.) is only sparingly present, some- 
times with bent lamelle; it encloses zircons with pleochroic halos, as well as 
magnetite and apatite. Magnetite is accessory, enclosing apatite. Quartz 
occurs in large interstitial grains, containing strings of very small fluid inclu- 
sions, and sometimes displays brecciated margins; it encloses aaa? and 
occasionally plagioclase. 
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of the Gongogongo Range a broad zone of amphibolite’ extends 
for 5 miles through the district of Sakwa down to the Kuja River. 
Exposures are extremely rare, for the rock is greatly altered, and 
weathers to a considerable thickness of red-brown clay. Wide 
valleys opening out to the north-west alternate with steep grassy 
ridges. 

North of the Kuja extends for many miles the wide plateau of 
Kamagambo, composed of a granitic hornblende-gneiss.* Its. 
essentially level surface, and the fact that the Kuja has carved 
deep meanders into it, coupled with the presence of old river-gravels 
containing big quartzite-pebbles derived from the Kisii Highlands, 
serve to indicate that this plateau is essentially an old peneplain in 
which the Kuja has cut down its meanders to 300 feet below its 
surface, owing to the rejuvenation of its course, to which further 
reference will be made later on. The formation of the peneplain 
must have taken place at the time when the lake stood at the 
4000-foot level, but slightly below the level of this gneiss plateau. 

I lett the district of Sakwa, and entered that of Kamagambo by 
a wooden bridge which has been constructed by native labour, 
replacing a ford immediately above some picturesque waterfalls at 
4347 feet. Rapids are characteristic for several miles downwards 
from this part of the river’s course. The gneiss weathers readily 
and deeply into pale yellow-brown or orange sands, or else into 
greenish-white clays; and the contrast is striking, between the 
gentle slope of the gneiss on the right bank and the steeper 
inclination of the more resistant amphibolite on the left. 

Before one reaches the top of the grassy gneiss plateau a black 
peaty soil is noticeable in several places; but, on the actual summit 

1 The rock near the junction with the biotite-gneiss is a green, extremely 
close-grained zoisite-amphibolite, consisting of a very fine aggregate of 
granular zoisite, clinozoisite, and abundant bladed green hornblende in a 
quartzose matrix, with a few granules of magnetite. Some indistinct 
pseudomorphs after primary hornblende consist of secondary hornblende and 
zoisite, with magnetite-granules and some chlorite enclosing calcite. Clearer 
areas, consisting of aggregates of quartz, zoisite, and flakelets of white mica, 
may possibly represent original felspars. Chlorite enclosing calcite in 
lamellze is probably after biotite. Calcite is diffused through the slide, and 
a little epidote is present. The original rock may have been a not very 
basic, rather finely crystalline basalt. 

2 A gneissose banding is suggested by successive wavy zones of quartz 
alternating with felspar, and by the hornblendes lying with their long axes 
parallel to these zones. Orthoclase predominates in allotriomorphic crystals 
(measuring up to 5 mm. in longest diameter), turbid with dusty decomposition- 
products and flakelets of white mica; it is altered in patches to clear albite, 
especially marginally, where it is sometimes brecciated. Green hornblende 
(measuring up to 2 mm. in longest diameter) is both primary and secondary ; 
the primary is pale green, somewhat bent, containing apatite and magnetite, 
and alters along the cleavages into a yellow serpentinous mineral with some 
epidote. The secondary hornblende occurs only in association with quartz: 
it is fresh and unaltered, and sometimes twinned (a, pale straw ; 3, sap-green ; 
y, blue-green). Quartz is abundant as a fine granulitic mosaic, showing 
undulose extinction. Leucoxene is present in rather big dusky grains, with 
their long axes parallel to the planes of schistosity. Magnetite is accessory 
in crushed and drawn-out grains. 
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(4614 feet), a yellow-brown sand prevails, with frequent stretches 
of old river-gravel containing large quartzite pebbles, and patches 
of murram often occur in which these pebbles are sometimes 
embedded. 

The plateau stretches far to the northward, but is dominated on 
the east by the lofty quartzite-escarpment, trending north-north- 
west and south-south-east, of the Kisii Highlands. This cliff rises 
1500 feet above the level of the old peneplain, and stretches far 
away to the south-south-east; while on the north-north-west it 
ends in the bastion of Itumbe, still 6000 feet above the sea. The 
upper edge is precipitous, but the lower slopes show here an 
inclination of only 35°. The low rounded foothills at the base of 
the white quartzite-cliff are composed of a dark-green, very fine- 
grained dolerite,’ forming a sill which has insinuated itself 
between the gneissic basement and the cover of quartzitic sand- 
stones, changing the latter near the contact into snow-white 
quartzite—a conspicuous zone of colour in the face of the 
escarpment. The underlying dolerite weathers deeply to a thick 
red clay, which is very fertile, and hence determines the situation 
of the numerous settlements of the Kisii people. It forms the 
belt of lower ground, not only at the base of this Vinyo escarpment, 
but also within the deep gorge of the Kuja River, which has cut 
its way through the quartzite-plateau. The dolerite-sill comes 
also to view along the floor of the upper course of the Kuja within 
the area of the Kisii Highlands. 

Skirting the western base of the escarpment, I crossed the Kuja 
again by a ford at the altitude of 4441 feet: that is, only 94 feet 
above the level of the river at the Sakwa bridge, 63 miles lower 
down, thus revealing a very gentle gradient for this part of its 

course. The rock is here an extremely-rotten sericitic chlorite- 
schist, with foliation directed 60° south-south-westwards, and it 
was difficult to obtain even a moderately-fresh specimen. 

1 The rock consists of a fine felt of laths of plagioclase (oligoclase-ande- 
sine, Ab;An3), together with granular, very pale-brown augite. Ina more 
deep-seated specimen from the Vinyo Gorge the augite is subophitic, and has 
become replaced by chlorite. Ilmenite has become completely altered to 
leucoxene, and there is some interstitial chlorite, probably representing an 
altered glassy base. Fine aggregates of small quartz-granules, with inter- 
stitial vermicular chlorite, occur in irregular nests (especially along zones), and 
have probably been derived from the absorption of the overlying quartzite. 
The rock near the junction becomes full of amygdales of quartz (# inch or 
less in diameter), either chalcedonic containing spherulitic chlorite centrally, 
or else an aggregate of quartz-grains with a lining of chlorite. Other 
amygdales may consist of a nucleus of pyrite surrounded by epidote, and 
this in turn by chalcedony. (Pyrite also occurs in irregular masses 
bordered by hematite. Much-altered specimens of the junction-rock become 
essentially a quartz-epidote rock with chlorite. 

2 The schistosity of the greenish-grey rock with silky foliation-planes is 
due to very fine flakes of sericitic mica and chlorite. The numerous 
‘eyes,’ occurring down to small dimensions, are composed of very fine aggre- 
gates of spherulitic chalcedony and chlorite, and are wrapped round 
by chlorite and sericite. In some cases such aggregates show prismatic 
outlines, as if pseudomorphous after felspar-crystals with their long axes 
nearly normal to the foliation-planes. 

y 
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A specimen of rock taken a little farther on, within the Kuja 
Gorge (Pl. XXIII, fig. 1), just before one comes to the dolerite 
itself, helps to explain the original character of these decomposed 
schists. An outcrop of a very compact pale-grey rock, with a strike 
of north by west, occurs at a distance of a mile (measured trans- 
versely to the strike) from the schist at the ford. Itis a spherulitic 
quartz-porphyry,! which has undergone some crushing and altera- 
tion, becoming a so-called sericite-porphyroid. Perhaps the 
schists of the Kuja Ford are to be regarded as the marginal 
and more extensively-crushed modification of the original quartz- 
porphyry, with the usual increase of sericite, or as the crushed tuffs 
of the quartz-porphyry. The actual contact of the dolerite-sill 
with the ancient quartz-porphyry could not be observed, owing to 
the thickness of red soil. 

In order to make an examination of the quartzite south of 
the Kuja Gorge at Vinyo, I ascended the rounded slopes of the 
dolerite extending up to the precipices of the well-bedded quartzite, 
which is 500 to 600 feet thick. Although I searched diligently 
for fossils, it was a fruitless task; but the exposures of bare rock 
were so numerous along the edge of the escarpment, and the section 
from the base of the cliff up to the summit was so readily 
accessible, that I could hardly have failed in my search if any 
fossils had been present. The rock is, on the whole, very uniform, 
consisting of well-bedded quartzitic sandstone, weathering in large 
slabs, with streaks of hematite along the bedding-planes and joints. 
Half way up the cliff I collected a piece of a slab showing sun- 
cracks; ripple-marks were abundantly present at all levels, and 
occasionally impressions of raindrops and worm-tracks were visible. 
Current-bedding is prevalent, and sometimes there is a zone of 
a fine conglomerate containing quartz-pebbles (up to 2 inch in 
longest diameter). The dip varies here from 5° to 10° west-south- 
westwards, and the prevalent direction of the ripple-marks was 
west-south-westwards and _ east-north-eastwards, indicating a 
gentle current from the south-south-east; but I also observed the 

1 The rock is pale grey, compact, but slightly schistose, somewhat waxy 
in lustre, and contains a few scattered, small, grey quartz-grains. Under the 
microscope the quartz-phenocrysts present all the usual characteristics of 
atypical quartz-porphyry: as, for example, the corroded and lobed appearance 
and the inclusions of ground-mass (now altered to fine aggregates of white 
mica) ; the quartz encloses an occasional flakeiet of biotite, and shows strain- 
shadows ; a hexagonal cross-section is present. Tourmaline occurs in a 
few thin, pale indigo-blue strings, showing some parallelism and in one case 
bordering a quartz-crystal. Under crossed nicols the ground-mass (but 
slightly dusky in comparison with the quartz-crystals) is resolved into a 
mosaic of mutually interfering spherulites, considerably cracked, and show- 
ing tiny flakelets of sericitic mica along the innumerable cracks; even the 
felspathic portion seems to have altered into quartz and sericite. While most 
of the spherulites are greatly shattered and cracked, a few are comparatively 
intact, with white mica sweeping round them. Sericitic aggregates also 
occur in strings between spherulites, and probably represent some of an 
originally glassy base. The radial selvage enveloping a corroded quartz 

_ extinguishes simultaneously with it, and in optical continuity. 
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directions west and east, north-west and south-east, and north-north- — 
east and south-south-west. Crossing the plateau (here reduced by 
erosion to a width of only 6 furlongs) from the escarpment east- 
wards until I overlooked the upper course of the Kuja, I descended _ 
near Kenin, returning to the Kuja Gorge. The angle of the slope 
immediately below the nearly-vertical cliff is as high as 65°. 
Near the junction with the dolerite the buff-coloured quartzitic 
sandstone, veined and blotched purple with hematite, becomes 
changed to a snow-white quartzite, and the dolerite is here highly 
amygdaloidal with amygdales of quartz (as already described), 
and decomposes into a thick mantle of fertile red soil. The cone 
of Kinsunsi on the right bank of the Kuja, near the western exit 
of the gorge, is an apophysis of the sill or laccolite, and is 
surrounded by an aureole of white quartz. 

It seems natural to assume that these quartzites belong to the 
same series as the quartzites of the Nandi Hills on the north side 
of the Kavirondo Gulf; but they are far more uniform in 
character than the Nandi Quartzites described by Mr. G. F. Scott- 
Elliot & Prof. J. W. Gregory’ as belonging to the Karagwe 
Series, which is so much more extensively developed on the western 
side of the Victoria Nyanza, where it reaches a thickness of over 
1200 feet. The quartzite belongs to the uppermost division of the 
Series, which has been traced to the southern end of Tanganyika 
and is probably of the same age as the Waterberg Series of the 
Transvaal: that is, presumably Devonian. 
.The quartzitic sandstones of the Kisii Highlands have not been 

subjected to the pressure which has tilted up the Karagwe Beds to 
a high angle, and crushed them until they are highly contorted. If 
it were not for the intrusion of the underlying dolerite, these Kisii 
sandstones would doubtless have still preserved their original 
horizontality. 

Crossmg the Kuja as I proceeded on my march to Kisii Boma, 
I found the ford in the centre of the gorge to lie at an altitude 
of 4894 feet. Comparing this with the altitude of the ford 
outside and below the gorge (that is, 4441 feet), we find a fall of 
453 feet in 23 miles, or a gradient of 1 in 29, accounting for the 
numerous rapids of the Kuja in its rocky bed through the gorge. 
This gradient stands in marked contrast with the lower and succeed- 
ing stretch to the Sakwa bridge (only 94 feet in 64 miles). 
Jn addition to the evidence of the rejuvenation of the river, as. 
shown by the very frequent rapids and waterfalls, the angles of 
slope of its valley yield further support to this conclusion. From 
the 65° of the quartzite immediately below the precipices of the 
edge of the plateau the angle rapidly changes to a long slope of 10° 
over the easily-decomposed dolerite, and, on approaching the river, 
it suddenly alters to a short slope of 30° (cut also in the same 
dolerite) down to the present bed of the river. 

If one keeps a northerly direction over the nearly-level summit: 

1 * The Geology of Mount Ruwenzori’ Q. J.G.S. vol. li (1895) pp. 677, 678. 
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of the quartzite-plateau (over 6000 feet high) the view to the 
westward over Kitembe shows its flat-topped outliers above the 
gneissic peneplain at their foot, and the west-south-western slope 
of their surface is a dip-slope. Turning thence north-westwards, 
I left the Kuja basin and descended to the Yawi River (a tributary 
of the Riana), over white quartzite down to the amygdaloidal 
dolerite, here exposed over a wide surface; and the symmetrical 
cone of Saria marks another apophysis, with an aureole of white 
quartzite, similar to the occurrence of the Kinsunsi cone. From 
Saria a steep descent to the Nyanchoba led to the basement-floor 
of pink granitic biotite-gneiss! below the dolerite: it 
decomposes to a red-brown soil. 

Crossing a bastion of the doleritic plateau of Merinde, I descended 
again to the biotite-gneiss, traversing a wide valley (tributary to 
the Riana). On its northern slope, just at the western foot of 
Nyachwa, the gneiss is directly overlain by the dolerite, which 
shows massive jointing and no signs of flow or columnar structure. 
This doleritic spur of Nyachwa forms the left side of the valley of 
the Riana, with its gold-bearing sands. Kisii Boma, the present 
centre of administration, lies on the lower northern slopes of 
Nyachwa, at the height of 5705 feet. On the summit, I noticed 
firmly embedded in the dolerite a lump of white quartzite (12 x 6 
inches): this had doubtless been floated off by the intrusive 
dolerite from its overlying cover of quartzite, which has been 
long ago denuded away. Probably the dolerite never reached the 
surtace when molten, but insinuated itself as a sill beneath the 
ancient sandstones, which must have extended far to the west and 
north beyond their present limits. 

During the two days which I had to spend at Kisii Boma before 
returning to the lake-shores, I marched across to the Manga 
Escarpment, which stretches in commanding cliffs far to the north- 
north-east (Pl. XXIII, fig. 2). The lower ground at its base 
comprises the thickly-populated district of Kitutu in the basin 

1 The rock encloses numerous allotriomorphic crystals (measuring up to 7 mm. 
in longest diameter) of microcline-microperthite with perthitic net- 
work and Carlsbad twinning, quite fresh and slightly dusty, and often outlined 
with hematitic dust; occasional inclusions of biotite, plagioclase, and quartz- 
granules, and sometimes thin veins and blebs of green hornblende. Plagio- 
clase (andesine, Ab3Anz) is also present in smaller crystals (up to 4 mm.), 
with a tendency to idiomorphism ;' often it is turbid centrally with flakelets 
of white mica, zoisite, epidote, and calcite, and occasional patches and thin 
veins of secondary hornblende, but showing cleared margins of secondary 
felspar in optical continuity—sometimes enclosing quartz-granules. Biotite 
(up to 2 mm.) is fairly abundant, often greenish, enclosing apatite and zircon, 
and associated with magnetite; it is altering to chlorite, epidote, and 
lenticular aggregates of carbonates—in one case a sagenite-web is evident. A 
few prisms of brown hornblende are present, on which biotite is moulded. 
Magnetite and sphene are also accessory, and a small grain of kyanite was 
observed. Quartz is rather abundant and interstitial, mostly in large grains 
containing strings of minute fluid inclusions; it is occasionally brecciated 
marginally, but shows only a slight degree of undulose extinction; sometimes 
it encloses isolated flakelets of white mica, 

Q. J.G.S. No, 278. M 
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of the Megusi River, and is composed of the same sill of dolerite 
as that which occurs at the base of the Vinyo Escarpment. As 
one approaches the cliffs, about 700 feet high, of the Manga 
Escarpment, it is soon evident that they consist of the same 
current-bedded quartzitic sandstone as at Vinyo, much stained. 
and blotched with crimson hematite, and frequently displaying 
ripple-marks and impressions of raindrops, as also an occasional 
streak of quartz-pebbles. A close search for fossils was equally 
fruitless. Here, however, the dip is 12° south-south-eastwards, 
while at Vinyo it was 10° west-south-westwards: from my 
lofty standpoint (6388 feet) it certainly seemed to me that the 
intervening strata had been raised into a low dome by the intru- 
sive dolerite. For this reason, the intrusion may, perhaps, be 
regarded rather as a laccolite of low curvature than asa sill. The 
hematitie staining seems to have proceeded from below, rising up- 
the vertical joints and extending along the bedding-planes: it 
was, not improbably, due to pneumatolytic action accompanying 
the intrusion of the dolerite. Wherever the iron-oxide is most 
evident the weathering is greatest, and even swallow-holes (6 feet 
in diameter) occur near the edge of the precipitous escarpment. 

The view to the south and east shows that the Kisii Highlands. 
form an extensive plateau of quartzitic sandstone, greatly dissected 
by the Kuja and its tributaries flowing southwards, as well as by 
the Northern Awach (the Awach Mateni) flowing northwards. 
The plateau culminates in the distant heights of Chamonyeru 
(7068 feet) in the east. : 

The edge of the escarpment is itself a watershed between the 
basins of the Kuja and the Megusi (a tributary of the Southern 
Awach or Awach Madoung). The eastern streams which drain the 
escarpment and flow to the Kuja are very chalybeate, deriving 
the iron from the hematite of the quartzite. 

After leaving Kisii Boma on my march west-north-westwards. 
to Homa Bay, I left the dolerite behind at Nyachwa, and entered 
again on the peneplain of biotite-gneiss which extends across the 
deep Riana Valley, rising northwards in the rounded bluff of 
Meriba and stretching up to the Kona Plateau and watershed, 
whence the rivers run directly northwards to the Kavirondo Gulf. 
This part of the old plateau, 124 miles from Kisii, is composed 
of a crushed, pale brownish-grey porphyry,! showing similarity 
with the Vinyo quartz-porphyry. It weathers readily to a yellow- 

1 The rock consists of a dusky mosaic of quartz-grains, with interstitial 
sericite, as in the Vinyo rock; and, although the spherulitic structure is not. 
so well marked, some instances can still be made out containing a nucleus 
of sericite flakelets, but there has been considerable recrystallization: all 
the felspathie constituent of the spherulites and ground-mass seems to have 
been altered into quartz and sericitic mica. No phenocrysts are present, 
but there are numerous small mossy aggregates of limonite. The rock has 
been much fractured and veined by a mosaic of clear interlocking quartz- 
granules ; and, where the crack has fractured one of the dusky quartz-grains,,. 
the clear quartz of the vein is in optical continuity with it. 
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brown sandy soil, and the wide valley of the Nyakuru which 
traverses this rock only shows gentle rounded slopes of 8°. 

The summit of the plateau at the 13th mile from Kisii consists 
of a pink granitic biotite-gneiss!; but the porphyroid soon re- 
appears, weathering to a depth of over 6 feet of yellow sand. 
Apparently overlying it occurs a small outcrop of a greenish- 
grey chloritic cale-schist.? 

On descending from the Kona Plateau, one notes that the rock 
at the 14th mile from Kisii (before coming to Sori Kodongo), 
becomes highly schistose and mylonitic, consisting practically of 
very fine mosaics of quartz with sericitic mica and much limonite, 
readily decomposing to a reddish-brown sandy soil. It is, perhaps, 
the greatly-crushed marginal modification of the porphyroid, 
forming a parallel to the sericitic schists of the Kuja Gorge 
below Vinyo. As I proceeded, I found the underlying rock to be 
extremely ferruginous, weathering so deeply that no fresh rock could 
be reached. Much murram has formed in patches, as it always 
does where there is much iron in the soil. Numerous veins of 
quartz, a foot thick, run in a north-westerly and south-easterly 
direction: that is, in the same direction as the strike of the 
gneisses and schists, and in evident relation to the earth-movements 
that have affected this district. The low rounded ridges in this 
area belong to the amphibolite-group, but the rocks are altered 
and decomposed to an excessive degree. 

Shortly before one gets to Langueh, the rock is seen to be a 
greenish-grey fine-grained epidote-schist,*? probably a much- 
altered amphibolite, and half a mile farther on the very dark-green 

1 The rock contains numerous allotriomorphs (measuring up to 7 mm. 
in longest diameter) of orthoclase (microperthite) with microperthitic 
interpenetration; it is turbid with dusty decomposition-products, flakelets 
of white mica, etc.,and hematitic dust. Plagioclase (oligoclase-andesine, 
Ab2An;), also somewhat decomposed, is subordinate. Quartz is abundant. 
in separate grains (up to 3 mm.), as well as in granophyric intergrowths 
with the felspars; it is much cracked, and sometimes brecciated marginally ; 
it contains some biotite and also calcite. Biotite (up to 2 mm.) is some- 
what sparse ; itencloses magnetite, and has been entirely altered to chlorite 
(partly spherulitic and exhibiting the usual blotchy pleochroism), with epidote, 
calcite, and some hematite. Sphene bordered with hematite is accessory, 
and calcite occurs along cracks. 

2 The rock is mainly composed of aragonite and spherulitic chalce- 
dony in alternating zones, with some chlorite and much sericitic mica in 
interstitial aggregates. Numerous small curved markings are present, circular, 
ellipsoidal, or kidney-shaped, and in some cases somewhat compressed and 
drawn out, all approximately of the same size ; they are evidently anterior to 
the formation of the chalcedony or the white mica, which traverses them 
independently. They are finely granular on the concave side, bluish black by 
transmitted and white by reflected light. They somewhat recall the tests of 
Cypris, but Prof. Bonney, who has kindly examined the slide, considers them 
to be merely extraneous matter thrust outwards during the formation of the 
spherulitic chalcedony. 

3 This rock consists of schistose aggregates of epidote and quartz- 
anules, pistacite and zoisite, and some yellow-green serpentinous 

mineral showing aggregate polarization. Much limonite is presentin strings 
and patches. The rock has been considerably fractured and veined with quartz.. 

M2 
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compact rock may be termed a zoisite-hornstone!: itis probably 
an amphibolite that has been altered by the intrusion of a neigh- 
bouring diabasic rock, also greatly altered and deeply weathered, but 
possibly a teschenite? originally. The last-named rock crops — 
out of the weathered débris at less than a mile from the outcrop of 
the altered rock, and occupies the Rungwe Valley at Langueh, a 
little Indian trading-station, 18 miles from Kisii Boma. 

From the Kona Plateau there had been a slow but steady 
descent, although the view to the eastward was blocked by low 
hills and ridges, probably of amphibolites; but beyond Langueh 
(4651 feet) these hills flattened out, and on the north and north- 
west lay a nearly treeless and extensive volcanic plateau, traversed 
only by shallow valleys extending north-eastwards towards the 

- Kavirondo Gulf. Between Langueh and the Ogweyo River, the 
low south-westerly and north-easterly ridges are composed of a 
dark-green tuff? derived from a rather acid andesitic lava; I 
did not, however, find this lava 7m sztw. 

The summit of this lower plateau is composed of the nepheline- 
basalt already described (p. 141), which probably flowed out from 
Ruri or Gembe as a centre, and the remainder of the country as far 
as Homa Bay is occupied by this basalt and its tuffs (see p. 143). 

1 The rock has a pitchy lustre and splintery fracture, and presents a some- 
what brecciated appearance. Larger clearer patches, usually with prismatic 
and rectangular outlines, are composed of a mosaic of quartz-granules, 
flakelets of white mica and interstitial chlorite, and may be pseudomorphous 
after felspar. Other aggregates consisting of zoisite and quartz show outlines 
recalling hornblende. Zoisite is abundant, and is honeycombed with quartz, 
presenting a micropeecilitic appearance ; the largest of the zoisite-crystals are 
prismatic, in a radiating sheaf. Small specks of kaolin are frequent, and 
nests of epidote and calcite occur scattered in the rock, which is traversed 
by thin veins of quartz and epidote. 

2 The rock contains abundant crystals (measuring up to 4 mm, in longest 
diameter) of plagioclase (acid labradorite, Ab,An,), mostly of pris- — 
matic habit, very turbid and decomposed, largely eaied by flakelets of 
white mica, and traversed by numerous cracks filled with chlorite and occa- 
sionally epidote ; there is an instance of a granophyric intergrowth of turbid 
felspar and quartz. Colourless augite (malacolite) occupies the bulk of 
the slide, having crystallized later than the felspar, in aggregates of allo- 
triomorphic crystals (measuring up to 3 mm. in longest diameter) with a 
tendency to form long prisms ; it contains small diallagic rods ; it is sometimes 
twinned and intergrown in a pegmatitic manner, so that a fresh erystal may 
be intergrown with a uralitized crystal. Zeolitic pseudomorphs, possibly after 
eleolite, are pale brown and minutely fibrous, polarizing like moiré silk in 
low greys and extinguishing parallel to the fibres; they enclose small patches 
of augite in a pegmatitic intergrowth, especially centrally. Some clear 
secondary green hornblende is present, developing at the expense of the 
augite, and is associated with some quartz. Apatite and magnetite are 
accessory. 

3 The rock is compact and very fine-grained: numerous fragments of 
crystals are present, but all of very small dimensions :—Abundant plagioclase 
(oligoclase-andesine, Ab,An,); alittle orthoclase; many angular frag- 
ments of very pale-green diopside, quite fresh and free from inclusions, 
sometimes exhibiting lamellar twinning ; numerous microlitic felts of oligo- 

clase, colourless augite-granules and interstitial glass; and lapilli of brown 
dusty glass with zeolites filling the steam-cavities. Chlorite is abundant 
interstitially, and a subordinate amount of zeolite and calcite is present. 
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At the base of the valley of the Agulu Muk, the river-gravels 
overlie a rotten rock resembling a quartz-porphyry; and at the 
south-eastern corner of Homa Bay the hills of Najanja (rising to 
4451 feet, and trending from north-west to south-east) form an 
important physical feature. They are built up of a purple quartz- 
porphyrite,! probably part of the same mass. In places the 
porphyrite is traversed by quartz-veins, and forms rounded hills 
and ridges; it weathers to a red-brown soil. 

Crossing this spur of quartz-porphyrite, I found that its eastern 
slopes were bordered by a low selvage, 300 yards wide, of banded 
gypsum, layers of pure gypsum (usually $ inch, but sometimes as 
much as an inch thick) occurring in frequent alternation with 
yellow-brown argillaceous layers of similar thickness. The outcrop 
has a general north-westerly and south-easterly strike, dips 10° 
south-south-westwards, and shows a bare fretted surface. Many 
loose blocks are lying on the surface, tilted in all directions. It is 
probably of the same age as the presumably Pliocene beds, which I 
found north of Homa Mountain (see below); but this area must 
have been separated and shut off from the Nyanza, to form a lagoon 
without an exit. 
My course lay north-eastwards across the alluvial plain, about 

4. miles wide, of the Southern Awach or Aloychi River, from which 
isolated cones of basalt, as, for instance, Uchimbo and Chamanga 
(or Chanvanga) rise abruptly with slopes of 80° to 40°. A thick 
envelope of regur covers the northern part of the plain. On 
passing Chamanga, one notes that the ground rises slightly at the 
village of Kumgendia to form a low rounded ridge, about 2 miles 
wide. The rock does not crop out at the surface, but the purplish- 
brown sandy soil is probably derived from a rock similar to the 
quartz-porphyrite of Najanja. 

The northern slope is steeper, and the path to Kendu passes 
between a low hill of basalt on the west and the basaltic cone of 
Orian (Rabur) on the east. Pebbles of quartz, jasper, and hema- 
titic quartzite (like that of the Kisii Highlands) lie scattered on 
this slope, and perhaps indicate the old lake-beach at about 
4000 feet, to which I have already referred (p. 146). 

Another alluvial plain (also covered with black earth) extends 
for about 4: miles to the Northern Awach; while on the west it is 
bordered by an outspur from Homa, ending in a low scarped bluff: 

1 The rock has a splintery fracture, and contains somewhat melted-down 
phenocrysts (up to 4 mm.) of plagioclase (oligoclase-andesine, Ab,An,) 
which enclose occasional particles of green augite and little patches of a 
pale-green serpentinous aggregate; some pericline-twinning occurs. The 
quartz-phenocrysts (up to 7 mm.) are corroded and lobed in the typical 
manner, but also show a few hexagonal sections ; they moreover enclose cir- 
cular patches of the serpentinous aggregate: a very narrow, radiate, quartzose 
selvage borders the quartz-crystals, but is absent round the felspars. Minute 
crystals of pale-green augite occur very sparingly. The ground-mass is 
dusty, quartzose, sometimes microspherulitic, containing abundant microlites 
and needles of oligoclase and occasionally small aggregates of quartz-granules. 
The pale-green serpentinous aggregate also occurs disseminated in the ground- 
mass, and probably represents original glassy matter. Hzematite-dust imparts 
to the rock its reddish colour. 
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this consists of a flow of phonolite,! overlying a cellular, yellowish 
earthy, caleareous tuff, much veined with calcite, and containing 
fragments of nepheline-crystals, a little biotite, some magnetite- 
eranules, and a little zeolite. It is somewhat reddened and baked 
near the plane of contact. 

Between the Northern Awach and the Kavirondo Gulf at Kendu 
is a hill of brown clay, its low slopes measuring no more than 5°. 
As we reach the summit, a crater-lake, Lake Simbi (Pl. XXIV), 
is suddenly disclosed to view, slightly elliptical in outline, the long 
axis running west-north-west and east-south-east and measuring 
about three-quarters of a mile, while the width of the lake isa 
little more than half of this. The river rises to between 70 and 
100 feet above the surface of the lake, which stands somewhat 
below the level of the plain of the Awach on the south, but 
slightly above that of the Nyanza on the north. 

The solid rock only appears in two places on the south-western 
shore, and consists of the micaceous sandstone which I subse- 
quently found well developed along the coast west of the Awach. 
Elsewhere, the rim of the lake is composed of a brown clay dipping 
everywhere away from the centre of the lake at an angle of 30° to 
40°. In places the clay contains blocks of gneiss (which occurs 
in situ only a couple of miles away to the east) and pebbles of 
quartz, but in no case were there any fragments of lava. On the 
edge of the eastern rim I found a block of travertinous limestone, 
measuring 3 x 1} feet, contaming a fragment of bone, and clearly 
belonging to the same series as the Pliocene beds west of the Awach 
(see below, p. 158). This block was indurated, and presented the 
appearance of having been subjected to heat. The outward dip of 
the clay of the lake-margin conveyed the impression that Lake 
Simbi marks the site of an explosion-crater similar to those of the 
Kifel. Probably it was formed within the memory of man, for 
the natives told me of a legend that its site was once occupied by 
a hill crowned by a homestead belonging to a very wicked chief, 
and that it was destroyed and disappeared in a single night. The 
water of the lake is yellow-green, due to the presence of conferve, 
and jelly-like lumps of an emerald-green Nostoc occur along the 

- margin. It is strongly alkaline and also bitter, with the fishy taste 
of carbonate of soda.? 

1 The rock is pale grey, compact, and fine-grained, exhibiting irregular 
fracture and a honeycombed surface, with some indications of lines of flow; 
occasional white felspars (up to 4 mm.) are visible. Under the microscope the 
felspar (sanidine) occurs in a few large phenocrysts with occasional Carlsbad 
twinning, but it has been much altered to a soda-zeolite. The ground-mass 
consists of a very fine-grained felt of abundant small nepheline-crystals, _ 
sanidine-microlites and granules, and needles of very pale-green augite 
in mossy aggregates and patches stained brown by iron-oxide, in a glassy 
base. 

2 Prof F. Stanley Kipping, F.R.S., has kindly examined my sample of the 
water, and informs me that, while sodium carbonate is the main component, 
iron salts, together with sulphates and silica, are present in appreciable 
quantities ; smaller quantities of calcium and magnesium salts and phosphates 
are also present. 
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_A thin crystalline crust is deposited round the shore, and has 
essentially the same composition as the water. It is gathered by 
the natives in baskets for mixing with their food, and for treating 
their tobaceo. I noticed a similar efflorescence of soda on the 
borders of the Kimera swamp, north of Homa Mountain. The 
water is gradually rising, as shown by some half-immersed, dead 
candelabra euphorbias, already standing 10 feet away from the 
shore. 

West of the mouth of the Awach River, the ground rises to form 
a terrace running east-south-eastwards and west-north-westwards, 
about a mile wide, between the Nyanza and the Kimera swamp ; 
and it faces the Nyanza in a cliff about 30 feet high, flattening out 
again on the west. The lake has now retreated for about a quarter 
ot a mile from the base of the cliff, which is cloaked at its foot 
by talus. The downward succession of the beds (dipping 5° north- 
north-eastwards), as revealed in the cliff, consists of :— 

Thickness in feet. 

(i) Grey or pale-buff argillaceous sandstone, with small 
flakes of biotite and larger plates of greenish talc, 
also markings of dendritic manganese; current- 
bedded and coarser-grained than the lower beds. It 
contains pebbles of quartz up to three-eighths of an 
inchlong. Calcite occurs along the bedding-planes. 5 

[AU SeeOWiy Mey BAROY Gi YI. 6. sce ceekahnvouasiadenashsoske 3 
(3) Hard argillaceous sandstone, in thin beds alternating 

Mae EERIE CS een see Pattee” Tae SAP 10) 2. cauuaibacs das se 3 
(4) Brown shaly clay, often wedging out ..................06 3 
(5) (Base not seen.) Argillaceous current-bedded sand- 

stone. Coarse beds, alternating with finer .......... 10 

A large surface of bare rock is exposed on the summit of the 
broad stony terrace, and the beds, instead of showing a plane 
surface, appear in gentle undulations, giving rise to a number 
of shallow basins. No ripple-marks are visible anywhere, and not 
a trace of any fossils. On the terrace the dip changes in the 
southern part to 5° south-westwards, whence we may infer that 
the terrace itself is a low anticline. 

Farther west, only Beds 2 and 3 are visible in the cliff, which 
flattens out and finally becomes quite grass-grown. After some 
interval, another group of strata appear, evidently at a slightly 
higher horizon than the above-described series, but the actual 
junction was not visible. The cliff shows :— 

Thickness in feet inches. 

ET OS tae de i le 1 0 
Ray BC Cb acs ie asses swe cess de secces 2 0 
White calcareous travertine  .........c0..cecee cee ee ees 0 6 
ge ea te A Sa 1 0 
(Base not seen.) White calcareous travertine in 

undulating beds, with tusks of elephant, bones of 
oo Te SRL EE Po] NE) PO 9 at Se a 3 0 

Still farther west, near a very big sycamore fig-tree, which forms 
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a landmark, this travertine is more fully exposed over a wider area. 
Here the succession consists of :— 

Thickness in feet winches. 
(1) Greenish-grey sandstone, with bones of baboon. 2 to 6 “0 
(2) Grey gravelly clay, with streaks of sand and 

PERE on oo 6 Sais 5 0 5 = os 0 one be age ae 3 0 
(3) White calcareous travertine, with bones of 

Elephas aff. meridionalis, Hippopotamus, 
Phacocherus, and antelope ?.............. . 6 ins. to 1 6 

(4) (Base not seen.) Greenish-grey clay ............ oa 0 

The beds have been thrown into a broad syncline ; for, in the — 
western part of the exposure, they dip 20° south-south-eastwards, © 
and in the eastern part (about 150 yards distant) they dip 50° 
north-north-westwards. These directions differ altogether from 
those observed in the sandstone cliff 5 miles away to the east, 
but it is probable that they are due to a local subsidence, perhaps 
caused by the leaching-out of underlying soda-beds, for there is 
still a strong efflorescence of soda on the surface of the beds of 
clay, and the crust is continually collected by the natives, as at 
Lake Simbi. 

These beds are probably of late-Plocene age, and they may 
be compared with the beds found north of Lake Rudolf, in the 
lower course of the Omo River, by E. Brumpt? in 1903, containing, 
among other bones, Hipparion (near to the Pliocene H. lybiewin), 
Hippopotamus, Rhinoceros, Phacocherus, Buffelus, Camelopar- 
dalis, antelopes, and Elephas cf. meridionalis. A tooth of 
Dinotherium was also recorded from these beds; but, either it is 
a Plocene species, or it may have been derived from some earlier 
beds similar to the Karungu Miocene Series. The uppermost 
stratum consisted here of gypsum, and I have already suggested 
that the gypsum beds of the south-eastern angle of Homa Bay 
probably belong to the Pliocene Series north of Homa Mountain. 

A rounded spur of hornblende-biotite-gneiss rises out 
of the low-lying country east of Lake Simbi, and this granitic 
gneiss,? which shows a more marked cataclasti¢ structure than any 

1 These fossils will shortly be described by Dr. C. W. Andrews in a future 
aper. 

2 E. Haug, ‘ Traité de Géologie’ vol. ii, pt. 3 (1911) p. 1727. 
3 The rock contains abundant allotriomorphs (up to 8 mm.) of plagioclase 

(oligoclase-andesine, Ab,An,), in which the fine twinning is often re- 
peatedly bent; only traces of zoning are present, and decomposition-products 
(white mica, calcite, epidote, and zoisite) occur centrally. Orthoclase is less. 
in quantity and in smaller grains (up to 4 mm.), usually turbid centrally. 
Green hornblende (up to 3 mm.) is fairly abundant (a, pale straw; {, olive- 
green; y, blue-green), sometimes twinned, occasionally bent; it is especially 
associated with quartz and some may have recrystallized; occasionally with 
epidote and calcite centrally. Biotite is rather sparing, and has altered 
either to chlorite or to a mixture of chlorite, epidote, and zoisite; it has been 
much crinkled and contorted, encloses apatite, and is associated with magnetite 
and sphene. Magnetite occurs in a few crushed grains, and several 
pinkish-brown crystals of sphene are present. Quartz is abundant, very 
much crushed and rolled out into lenticular masses; the grains show denti- 
culate margins and undulose extinction, with strings of inclusions, 
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of the other gneisses of which I collected specimens, and is probably 
older in date, stretches far away to the east- north-east through 
the districts of Nyakongo and Nyakach. South of this gneissic 
area lie the slates of Wire Hill (a conspicuous flat-topped hill 
rising to 5276 feet), but I was unable to examine them. Their 
distribution is approximately indicated in a sketch-map (which 
Mr. C. W. Hobley kindly allowed me to examine) made by 
Mr. J. 8. Coates, Government Geologist, in 1909. He designates 
these slates the Wire Hill Beds, and they appear to be associated 
in places with chalcopyrite in quartz and graphite, according to 
‘information kindly given to me by Mr. G. R. Chesnaye. Probably 
they belong to the same series as the schists at the base of the 
Vinyo Escarpment, but their relations to the gneiss are as yet 
unknown. 

APPENDIX I. 

Abridged Statement of the Downward Succession of the 
“Miocene Beds at Nira, with Indications of the Points of 
Difference from the Outcrops at South Nira, West 
Kachuku, Kachuku, East Kachuku, and Kikongo. 

Upper SERIES (Nos. 1-12). 
Beds. Thickness in feet. 

No. 1. Grey clays with calcified tree-stems, overlying a greenish- 
grey conglomerate, passing down gradually into argilla- 
RpeIReY Ca ADONIS Erte Or BR ae SES ES, e's aalyp pce aoe ces ner ss 8 

No. 2. Pale greenish-grey clay, with seams of brown shales......... 8 
No. 3. Brown clay, with thin seams of shale; northwards the 

clay becomes grey. At East Kachuku and Kikongo 
Nos. 2 & 3 consist of grey current-bedded sandstones, 
Contenmine Diotite and aueito {0.6 lo. sc.svedsine von jas viene sees. 9 

No. 4. Pale-grey clay. At East Kachuku it becomes an argilla- 
RISER SEMA IMR NAE NN Gh kbd ye Pies the, ee ek acieSW reas dene > = <6 8 

No. 5. Hard grey clay, passing (at South Nira) into sandstone 
containing biotite and augite. At Kachuku it contains 
Ampullaria ovata and crocodiles’ teeth ...........:c.eee0 005 25 

Pee cee Mae MEMS Cee CON ee Drs t siss di insa yeah Naess vterce one 25 
No. 7. Pale-brown clay with septarian negara: eastwards it be- 

SAIL Ro EE ck UPR Bea etc a pied sb Seon sv e+e 3 
No. 8. Grey calcareous sandstone, with thin seams of grey clay. 

At Kikongo it is current-bedded, containing augite and 
enclosing a few land-shells (Tropidophora nyasana, Limi- 
ans LANE A RET AA a Sats ei des Fae ees -<00e ser ese +03 6 

No. 9. Thinly-bedded grey clays and brown shales. At Kachuku 
and Kikongo the clay alternates with thin seams of 
travertine, and at Kikongo the lower part contains seams 
of grey sandstone ...... DOP 2 A | 

No. 10. Brown clay. At Kachuku and Kikongo it consists of grey 
clay, with thin seams of travertine ...............-..seseeee:: 5 

No. 11. Greyclay. At South Nira the upper foot is a massive grey 
Att ery RS So eee 5 

No. 12. Brownish-grey clay yielding a river-crab (Telphusa) and 
scutes of crocodile. At South Nira and Kachuku are 
numerous seams of shale. At Kikongo the lower half 
EOMMIntd (Ol GECY SAMUBLONG 520... 2) 50.22.62. 20 ee cece eee eee a tole 
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MIDDLE SrERizs (Nos. 13-25). 

Thickness in feet. 
Yellow-grey clay containing large plates of biotite ; it yields 

Trionyz, Testudo, and Artiodactyls. Eastwards it becomes 
greenish-grey, with a discontinuous seam of white or pink 
CalGAFGOUSICOMGECTIONS § ... ... 0x0 s.cnnacceivecee mesa toes ancien 

Dull-red marlstone, travertinous in places. It becomes 
greenish grey at Kikongo. It contains many casts of 
Ampullaria ovata (with opercula) and of Lanistes cari- 
natus, as also Trionyx and other Chelonian remains. 
This bed forms a very definite and constant horizon ...... 

Red or grey clay, with a marlstone like No. 14 in the upper 
half, containing similar fossils, Artiodactylian (Prodromo- 
theritum) and Crocodilian remains. Thin layers of cal- 
careous concretions in the lower half ....................0005 

Grey sandstone, with a thin median seam of grey or red 
clay. At Kachuku it contains mandibles of small Hyra- 
coids (Miohyraz), Trionyx, crocodile, Ampullaria ovata, 
amaeoWweanonrd CRaraka.../ 2 oer ee onc ee ee 

Grey or red clay, passing down into grey sandstone which _ 
contains (at Kachuku) crocodile, Trionyx, and Ampullaria 
ovata AGP Oia. 0.3.0 es. c cie sels CORRS Pee ah a pire ieee en 

Red and grey mottled clay, sometimes with thin seams of 
sandstone or (at Kachuku, where it thickens to 33 feet) 
RMEVOEDING s,s i yuide denne ereekied «oe tenga anaes eae a 

Grey sandstone with Ampullaria ovata, passing down into 
red clay which (at Kachuku) contains inconstant seams 
of mudstone. The lowest bed at Kachuku contains 
Chelonian and Crocodilian remains, together with Cleo- 
PERDMER TOMCF OG «0... ov inex bpepaibbnic Teint PSs RS ap ied eae eee 

Grey current-bedded sandstone passing down into red clay 
with seams of travertine, containing Chelonian, Croco- 
dilian, Rhinoceros, and Proboscidean remains ............... 

White, current-bedded, calcareous sandstone, becoming — 
argillaceous below, and containing Cycloderma victoriz, 
Ampullaria ovata, Lanistes carinatus, Burtoa nilotica ... 

Pale-grey current-bedded sandstone, becoming gravelly 
below. At Kikongo Nos. 21 & 22 are represented by 
grey clay. At Kachuku the latter bed contains a large 
Proboscidean tibia (perhaps of Dinotheriwm), Chelonian 
remains (Podocnemis), and Ampullaria ovata...........6.- 

. Grey sandstone passing into conglomerate. At Kachuku it 
i merkedty Galcareous ..... adic cs beso ee ee 

Orange-coloured sand yielding teeth of Protopterus, croco- 
dile, Dinotheriwm, small rodents (aff. Phiomys), ete., 
overlying a greenish-grey clay with Ampullaria ovata 
and Cleopatra exarata. At Kachuku this clay also 
contains Achatina. A thin travertine or travertinous 

- sandstone yielding Chelonian remains forms the base 
Gee argillaceous gravel, overlying a red and grey mottled 

clay With Omelonian remains: .:..sseeuite.c.c+<due das hnsgmanenehs 

“LOWER SERI¥S (Nos. 26-37). 

Buff-coloured, nodular, current-bedded sandstone, with re- 
mains ‘ot onopyeiand crocodile .....4.31\./.s0ssssenneneune en 

Grey, argillaceous sandstone, sometimes passing laterally 
into a coarse gravel composed of pink gneiss, green an- 
desite, quartz, jasper, and grey sandstone (from an older 
bed); it contains fragmentary remains of Trionyx and 
Crocodile, WIGhOOPrOlIbeEs oc... ol. sos ).0c Men ea 
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No. 

No. 

No. 

No. 

28. 

30. 

32. 

. 3d. 

161 

Thickness in feet. 
Hard, buff-coloured, nodular sandstone. At Kachuku it 

becomes a coarse calcareous conglomerate .................. 
Yellow argillaceous gravel, with intercalations of greenish- 

grey clay or of yellow sandstone. It is a calcareous 
gravel at Kachuku, containing Chelonian remains and 
ROE OCS Sr FTES NOUGUT Sl a pea 

Conglomerate of rounded calcareous nodules (up to 2 feet 
in diameter) in a calcareous cement, each nodule showing 
concentric coats. It passes sometimes into a hard buff- 
coloured sandstone, and forms a very constant horizon... 

(a) Upper part (beds i & ii), 4 feet. Grey clay, with 
seams of sandstone and gravel, containing teeth of 
Dinotheriuwm and bones of Anthracotheres (Brachyodus 
etc.). 

(b) Middle part (beds iii—vii), 3 feet. Grey or brown 
clay, with seams of reddish-brown marlstone containing 
Ampullaria ovata. At Kachuku it becomes a current- 
bedded sandstone with a discontinuous seam of brown 
marlstone, containing a Proboscidean scapula and the 
mandible of a Carnivore (Pseudelurus africanus) (at 
West Kachuku). 

(c) Lower part (beds viii-xv),13 to 18 feet. Brown clay, 
with inconstant seams of calcareous conglomerate in the 
upper part. In the lower part it consists of grey clay 
which yields Cleopatra bulimoides and Ampullaria ovata, 
alternating with thin seams of current-bedded sandstone. 
Eastwards this division becomes more arenaceous, until at 
Kachuku it consists of two zones of lenticular beds of 
gravel, separated by 4 feet of buff-coloured current-bedded 
sandstone. The Upper Gravel Zone is the chief 
depository of bones of Dinotheriwm hobleyi (mandible, 
femur, humerus, tusk), bones of Anthracotheres, allied to 
Hyopotamus (large humerus and tibia of Brachyodus, 
mandible of Merycops, Merycopotamus, etc.), Rhinoceros, 
a Carnivore (Pseudelurus africanus) and a Creodont, 
giant tortoise (Testudo), Trionyx, crocodile, and Cerastus 
cf. mellendorfi. In the Lower Gravel Zone only 
shattered Chelonian remains occur, and seams of traver- 
tine become dominant. The base of this division is not 
visible at Kachuku, although present at West Kachuku . 

Dark-brown ferruginous marlstone yielding Cleopatra buli- 
moides, Ampullaria ovata, and Lanistes carinatus. 
Passes eastwards into a quartz-ironstone breccia, 3 feet 
CLO CE Le pls OIG RES Sal Be Es Sa 

Brown clay. At West Kachuku it is represented by a pale- 
buff-coloured sandstone, with lenticles of travertinous 
Sel or est age ie BT 0 ia 

Orange-coloured marlstone, with Ampullaria ovata. At 
West Kachuku it is represented by 6 feet of greenish-grey 

clay with numerous seams of travertine ...................+: 
wis WUT Oe ag gael tee eal 9 aap 
Brown sandstone. Nos. 33 to 36 are absent at South Nira 

and Nos. 35 & 36 are represented at West Kachuku by 
5 feet of orange-brown marlstone with seams of travertine. 

Mottled crimson and pale-yellow clay, traversed by a vein 
of quartz. It is represented at West Kachuku, and even 
so far east as the cliff of East Kachuku. At East 
Kachuku Nos. 30 to 36 have thinned out, and at Kikongo 
Nos. 30 to 37 are completely missing ....................:.:. 
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EXPLANATION OF PLATES XX-XXVI. 

PLATE XX. 

Upper end of gully at Nira, looking north-east by east, showing the 
Upper Series. (See p. 130.) 

Puate XXII, 

Kachuku, upper end of gully, looking north-eastwards, showing part of the 
Upper and. the Middle Series; the basaltic peak of Nundowat is seen 
in the distance. (See p. 131.) 

PuatTEe XXII. 

Fig. 1. Gully of West Kachuku, looking north-north-westwards, showing the 
ledge of calcareous conglomerate (Bed 30); the basaltic hill of Nira. 
is seen in the distance. (See p. 133.) 

2. Lower part of Kachuku Gully, looking north-eastwards, showing the 
Upper Gravel Zone of Bed 31, containing Dinotheriwm, Anthraco- 
theres, giant tortoise, etc.; the basaltic peak of Nundowat is seen 
in the distance. (See p. 133.) 

PLATE XXIII. 

Fig. 1. Gorge of the Kuja, looking east-north-eastwards, showing the exit of 
the river from the Vinyo Escarpment. (See p. 149.) 

2. Edge of the Manga Escarpment (quartzite), with the dolerite-sill at its. 
base forming the fertile district of Kitutu. (See p. 151.) 

PLATE XXIV. 

Crater-lake of Simbi, looking south-eastwards. (See p. 156.) 

PLATE XXYV., 

Geological map of the district between the Victoria Nyanza and the ean 
Highlands, on the scale of 45 miles to the inch, or 1 : 285,120. 

PLATE XXVIL. 

Fig. 1. Geological map of the neighbourhood of Karungu, showing the outcrop 
of the Miocene deposits at Nira, Kachuku, and Kikongo, on the 
scale of 2 miles to the inch, or 1 : 126,720. 

2. Plan of the outcrop of the Miocene deposits at Nira, on the scale of 
75 yards to the inch, or 1 : 2700. 

3. Plan of the outcrop of the Miocene deposits at Kachuku, on the scale 
of 75 yards to the inch, or 1 : 2700. 
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Fig.l. Gutty of West KACHUKU, LOOKING NORTH-NORTH-WESTWARDS. 

; re det 

Black. earth 

F.0., Photo. 

Fig.2. LOWER PART OF KACHUKU GULLY, LOOKING NORTH-EASTWARDS. 
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; a 0. Photo. Bemrose, Collo. Derby. 



“5 it 

\ 

1 Ans 
q id 

an 
? 

a 

v 

, 

i y 2 

~ 

~ = 

t 

2 

“ 

? 

: 

ae 

4 

; 

‘ 

z 

aa 

= 

=a 

= 

- >, aye ee « 

* > Ges a 

= 

a 

ao 

- 

. 

: 

“ 

- 

- 

~s 

3 $ x . a = 

rt 

= 

a. 

+ 

’ 

= 

. 

¥ 

- . 

_ 

Be 

J 

r 



; 

: 

Quart. Journ. Geot. Soc. Vor. LXX, Pr. XXIll. 

Fig. l. GORGE OF THE KUJA, LOOKING EAST-NORTH-EASTWARDS. 

Quartzitic Sandstone. 

Blocks of . 
White Quertzite 
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Quarts-porphyry. 
Dolerite. 

Sericitic Schists 

F.0..Photo 

Fic. 2. EDGE OF THE MANGA ESCARPMENT (QUARTZITE). 
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F.0., Phete. Bemrose, Coils Darby 
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Appenpix II. 

On the LowER MiocENE VERTEBRATES from British East 

Arrica, collected by Dr. Fenix Oswanp.t By CuHarLes 

Witrtram Anprews, D.Sce., F.RB.S., F.G.S. 

[Puates XX VII-XXIX. ] 

In this paper it is proposed to describe the vertebrate remains 
collected by Dr. Oswald from beds of Lower Miocene age in 
the neighbourhood of Karungu, near the eastern shore of the 
Victoria Nyanza. Some other specimens of late Pliocene or 
Pleistocene age will be described elsewhere. 

The beds from which the Miocene vertebrates were collected 
appear to form part of the deposits of the delta of an old river, 
flowing into the lake at a time when its surface was considerably 
above its present level. ‘These deposits are described in detail in 
Dr. Oswald's paper. | 

The mammalian fauna includes: Proboscidea, especially Dino- 
therium hobleyi, previously described? from the same locality ; 
Artiodactyls, represented mainly by Anthracotheres; Perisso- » 
dactyls, represented by a Rhinoceros; a small Hyracoid of 
peculiar character; a Rodent; and a feline Carnivore. The 
Reptilia are represented by Chelonians, including a new species 
of Cycloderma, a gigantic species of Testudo (also new), anda 
species of Podocnemis; by Crocodiles of several types, including 
probably a species of Pristichampsa, a genus previously known 
only from the Eocene of France. Fishes are represented by a few 
vertebree and teeth, including one of a species of Protopterus. 

The general character of the fauna indicates that the age of the 
deposits is probably Lower Miocene (Burdigalien) and that it was 
contemporary with the faunas of the Sables de l’Orléanais and of 
Moghara, and probably also with the recently-discovered? fauna 
of the Bugti Hills in British Baluchistan. In all these localities 
Anthracotheres of similar type appear as an important constituent 
of the fauna; and, although at present the characteristic small 
form of Dinotherium has not yet been found at Moghara, never- 
theless a primitive Tetrabelodon, closely similar to T. angustidens, 
which elsewhere accompanies the Dinotheriwm, has been found in 
that locality. The occurrence of a peculiar form of Hyracoid in 
these beds might have been expected, when it is considered that 
in the Upper Eocene of Egypt the group was represented by a 
great variety of forms differmg much in size and tooth-structure. 
Probably further researches will show that this once-important 

1 Communicated by permission of the Trustees of the British Museum. 
2 Proc. Zool. Soc. 1911, p. 943. 
3 G. E. Pilgrim,‘ The Vertebrate Fauna of the Gaj Series in the Bugti Hills 

and the Punjab’ Paleont. Ind. n. s. vol. iv, mem.:2 (1912); also C. Forster- 
Cooper in Ann, Mag. Nat. Hist. ser. 8, vol. viii (1911) p. 711. 
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group attained a high degree of differentiation before it declined 
to its present obscure position. 'The Rodent is perhaps a direct 
descendant of Phiomys of the Egyptian Upper Eocene. Of the 
Reptilia the most important is the giant species of Testudo, which 
is especially interesting as giving further proof of the wide dis- 
tribution of these creatures on continental areas in Tertiary times. 
The fact that these reptiles in recent times are found only on 
islands may be simply explained by supposing that they are survivals 
of formerly more widespread groups, and have escaped extinction 
owing to a relative absence of enemies and of competition under 
insular conditions. 

It is unfortunate that in the collection now described most of 
the species are represented by mere fragments ; nevertheless, they 
are sufficient to show that future investigations among the Tertiary 
deposits of this region will yield most valuable results. 

PROBOSCIDEA. 

The most important specimen referable to a member of this. 
group is an imperfect right ramus of the mandible of Dino- 
therium hobleyz Andrews, the symphysial and posterior portions 
of which have been broken away; the cheek-teeth (pm,-m,) are 
beautifully preserved. This mandible is rather smaller than that 
upon which the species is founded,! and is more complete; in the 
type-specimen m, was wanting. 

Anteriorly the jaw is broken across immediately in front of the 
point where it begins to curve inwards and downwards towards the 
deflected symphysis characteristic of the genus, the deflection 
commencing at about the level of the posterior ridge of pm,. 
Behind this, as far as the posterior end of m,, the inner face of 
the jaw is nearly flat. Behind this, again, the upper half of the 
inner face curves gently outwards towards the posterior expansion, 
while the lower half is concave from above downwards. The 
ventral border of the ramus is nearly straight until some 4 or 5 
centimetres behind the dental series, where it is interrupted by a 
roughened tuberosity, projecting a little outwards and downwards, 
and separated from the angular region by a well-marked notch ; 
the greater part of the angular region is wanting. 

The outer face of the ramus beneath pm, and m, is slightly con- 
eave from above downwards, but below and behind this it becomes 
strongly convex in that direction, passing below by a wide curve 
into the inner face. The mental foramen is situated rather more 
than half way down the outer face of the jaw beneath pm,. The 
anterior edge of the ascending ramus is situated about opposite the 
second ridge of m,, and it arises some distance below the alveolar 
border, from which it is separated by a broad concave surface. A 
strong ridge, continuous at its lower end with the inner edge of the 
alveolar surface, runs upwards and forwards on to the inner face of 

1 Proc. Zool. Soc. 1911, p, 943, 
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the ascending ramus, the surface of which behind this ridge is much 
roughened for the attachment of muscles. The lower part of this 
ridge forms the hinder border of the alveolar surface: that surface 
extends some distance behind the last molar, and is perforated at its 
posterior angle by a small foramen. The outer face of the ascending 
ramus is nearly flat ; unfortunately, both the coronoid process and the 
condyle are w anting. This mandibular ramus is similar to that of 
Dinotherium aa which, however, is rather larger and stouter, 
the outer face of the ramus being more convex. 

The teeth preserved in this specimen are pm,—m,. The premolar 
and the last two molars have already been described in detail in the 
account! of the type jaw; the only differences in the present speci- 
‘men, apart from its rather smaller size, are that the anterior lobe 
of the premolar is smaller and the talon of m, more rounded and 
its inner edge crenulated; there is also a more distinct trace of a 
cingulum on its hinder face. 

The first molar (Pl. XXVIII, fig. 1), as usual in the genus, con- 
sists of three transverse ridges, the posterior one being much the 
smallest. There is a slight trace of a cingulum at the outer end of 
the anterior valley, and also on the posterior face of the third ridge ; 

on the inner side the cingulum is absent. In Dinotherium cuvieri 
the cingulum is better developed at the outer end of the anterior 
valley, and it is also present on the outer side of the first ridge. 

The dimensions (in centimetres) of this specimen are :— 

Length in a straight line (so far as preserved)......... 38°8 
Papen or ramus berestians 6.2... pened ieee. od. 10°5 
Length of molar-premolar series (pm,—m,) ............ 24°3 

The dimensions of the teeth (in centimetres) are :— 

Length. Width. 
PE ke ie 5 ae Baek e. 9 4°6 4-0 
ITS eae Dep aaa eadin | Sea 5°6 4-0 
BA cee ae To 3 5°8 5°2 
is OPA yes Ao ee 6°5 a3 

A right upper premolar (Pl. XXVIII, fig. 2) in the collection is 
nearly quadrate in outline, the width being a little greater than 
the length. The crown is composed of two transverse crests, which 
are highest at their outer and inner ends, being more obviously 
formed by the union of an outer and an inner cusp than is the 
case in the lower molars. The two outer cusps show some tendency 
to unite one with the other, the outer end of the transverse valley 
being much shallower than the inner, so that in an advanced state 
of wear the surfaces of the two cusps would become continuous. 
The cingulum is well developed on both the anterior and the posterior 
faces of the tooth ; it is also present at the inner end of the trans- 
verse valley and as faint irregular tubercles on the outer face. 
There were three roots to this tooth, one at the antero-external 
angle, a second occupying the anterior portion of the inner side ; 

1 Proc. Zool. Soc. 1911, p. 943. 
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while the third occupies the whole width of the posterior side of 
_ the tooth, and extends a little along the outer border. 

The dimensions (in centimetres) of this specimen are :— 

Numerous fragments of the lower tusk of Dinothertwm were col- 
lected ; these show no traces of the ‘ engine-turning’ characteristic 

e of the ivory of the upper 
Fig. 1. | tusks of Hlephas, but 

indicate that the dentine 
was composed of con- 

~, centric lamelle, which 
eavgim tend to split apartas dis- 

7 integration takes place. 
No trace of enamel has 
been observed on any 
of the fragments. One 
specimen of the tip of 
the tusk shows that it 
was strongly compressed — 
at the end, which forms 
a sharp point. 

The above - described 
specimens are from Bed 
31. 
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In Bed 22, a Probo- 
—seidean tibia (fig. 1, A) 
was collected, the bone 
being well preserved and 
complete, except that 
the distal epiphysis 
is missing. It is very 
similar in structure to 
the tibia of an African 
elephant, with which it 
was compared, differing 
only in some minor fea- 
tures. Thus the pit for 
the insertion of the ex- 
tensor muscles on the’ 
upper face of the ene- 
mial crest is much less 
strongly marked on the 

A=Tibia of a Tetrabelodont seen from the front. fossil; while, on the 
B=Distal end of a tibia of a large Anthracothere 

C=The same, distal articular surface. 

other hand, the rugose 
surface below and at the 

c.7.=cnemial crest. side of it is more pro- 
[All the figures are a fifth of the natural size.] minent. ‘There isa deep 

seen from the front. 

™ 
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fossa immediately in front of the surface for the outer condyle of 
the femur, not seen in the recent tibia. The posterior face of the 
upper end of the shaft is deeply concave, as in the African elephant ; 
but about the middle of the outer rim of the concavity there is a 
rugose surface, wanting in that species. The inner face of the 
upper end of the shaft is, moreover, flatter, and bears a deep 
roughened pit for muscle-attachment. Only one tibia of Ele~has 
africanus was available for comparison, so it is quite possible that 
some of the above-noticed differences may be merely individual 
variations. 

If the tibia ascribed by Gaudry to Dinotherium really belongs 
to that animal, as there seems no reason to doubt, then the tibia 
now under discussion must belong to some other Proboscidean, the 
lower end of the shaft showing none of the antero-posterior com- 
pression seen in Gaudry’s specimen. It is possible, therefore, that 
this specimen may indicate the presence in these deposits of a 
species, probably a Tetrabelodont, at present otherwise unknown. 

The dimensions (in centimetres) of this specimen are :— 

Length without distal epiphysis............... 54°6 
Width of the proximal articular surface ... 17°5 
Width of the shaft at its narrowest ......... 8°6 

Another portion of a much bigger tibia was collected in Bed 31. 
This seems to indicate the presence of an animal considerably larger 
than Denotherium hobleyz, the fragment agreeing roughly in size 
with the corresponding bone of an African elephant standing about 
8 feet at the shoulder. The inner side of the astragalar surface is 
incomplete, but what remains shows that the form of the astragalus 
was the same as that of the astragalus of Dinotherium described 
below—its tibial surface being gently convex from before back- 
wards, but with no median depression from side to side, a point 
which distinguishes it from the astragalus of Tetrabelodon. The 
fibular surface is preserved; its line of union with the astragalar 
surface is not directly antero-posterior as in Elephas, but is directed 
somewhat inwards and backwards—in this the bone agrees with 
the tibia of Dinotherium figured by Gaudry.. The fibular facet is 
relatively smaller than in Klephas ; it is triangular in outline, and 
looks downwards and outwards, making a more obtuse angle with 
the fibular surface than in Hlephas. On the whole, there does not 
seem to be much doubt that this bone belongs to a species of 
Dinovherium rather bigger than D. hobleyi. 

A left astragalus of a Proboscidean was collected from Bed 31 at 
Nira. This specimen is much abraded, especially about its anterior ~ 
and posterior borders, and consequently the exact form of the 
articular surfaces cannot be determined. The tibial surface is com- 
paratively narrow from before backwards, and is gently convex in 
the same direction ; it is not concave from side to side, and in this 
respect is distinguished from the astragalus ¢¢ Tetrabelodon angusti- 
dens, which might be expected to occur in these beds. This absence 

Q. J.G.S. No. 278. N 
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of any concavity from side to side is also observed in the astragalus 
of Palgomastodon and in a cast of an astragalus referred to Dino- 
therium by the late Prof. A. Fritsch. At its outer side the tibial 
surface passes by an obtuse angle into the convex facet for the 
fibula; internally it is obliquely truncated by a deeply-concave 
surface, apparently for the reception of a large internal malleolus 
of the tibia: a similar, but a relatively still larger, depression 
occurs in the astragalus of Palgomastodon.- In the astragalus of 
Fritsch’s Dinotheriwm the postero-internal angle of the bone, behind 
the depression, is produced into a prominent knob, which may or 
may not have been present in the specimen here described. The 
navicular surface is separated from the tibial by a very short neck, 
concave from above downwards. The surface itself is rhomboidal 
in outline, and gently convex. The exact form of the ectal and 
sustentacular facets for the caleaneum cannot be made out, owing 
to the abrasion of their edges; it can be seen, however, that the 
sustentacular facet is separated from that for the naviculare by a 
narrow groove, while in Palgomastodon and Tetrabelodon the two 
meet in an angle. The two calcaneal facets are separated one 
from the other anteriorly by a broad deep groove, which narrows 
towards its hinder end, where the two surfaces probably meet; they 
are flat or gently convex. In an incomplete caleaneum referred 
to Dinotherium, the corresponding surfaces agree in outline with 
those of the astragalus just described; but the sustentacular facet 
is gently convex, so that it would not fit against the corresponding 
astragalar facet—this may be due, however, to partial abrasion, 
or to an individual peculiarity. 

The astragalus here described agrees very well with the cast of 
the astragalus referred to Dinotherium by Fritsch, and with the 
astragalus from Pikermi, described and figured by Gaudry! as 
that of Dinotheriwm, and there is little doubt that it belongs to 
D. hobleyi. The dimensions (in centimetres) of this specimen 
are :— 

Greatest ileneth)..:4t Serer cic 8°6 
Greatest ayidtins (5... Pipers ce cots sel oscate lcs 11°0 
Width of the tibial surface (approximate)... 7°7 

A distal portion of a metapodial bone from Bed 20 at Kachuku 
indicates the presence of a Proboscidean much bigger than 
D. hobleyt. tis 6°7 centimetres wide at its distal articulation. 
The shaft is nearly quadrate in section, but the flat anterior face 
is rather wider than the posterior. The distal trochlear surface is 
somewhat abraded ; it formed rather more than a semicirele. On 
one side is a deep pit for the attachment of ligament. This 
specimen agrees very closely with the third right metacarpal of a 
species of Klephas or Stegodon from the Siwalik Beds. It appears 
to be much too large to have belonged to D. hobley?. 

i ‘Animaux fossiles & Géologie de l’Attique’ 1862, p. 169 & pl. xxv, fig. 6. 
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HYRACOIDEA. 

One of the most interesting of the specimens found is a fragment 
of the left ramus of the mandible (Pl. XXVIII, figs. 4a & 45) 
of a small mammal aboutas big as a large rat. This is from Bed 16 
at Kachuku. At first sight the jaw appears to be that of a Rodent, 
the great hypsodonty of the molars lending support to this view ; 
but further examination shows that it cannot possibly belong to a 
member of that order, on account of the form and arrangement 
of the premolars. The jaw itself is gently convex from above 
downwards externally, and nearly flat internally ; it is broken off 
immediately behind the symphysial region in front, and probably 
about the middle of the molar series behind—from before back 
wards it deepens with a gentle curve. 

Four teeth are still zz s7tw; in front of these are the two roots 
of another tooth, and anterior to this again an imperfect alveolus 
all these teeth formed a closed linear series. Anterior to and 
below this is the base of a larger tooth, the section of which is 
an elongated oval with the long diameter transverse ; it appears to 
have been directed forwards and upwards, as if it were the root 
of a large procumbent incisor. Beneath it is a cavity which may 
represent the alveolus of another tooth, but this is very doubtful. 

The first of the teeth preserved is doubtless a premolar 
(Pl. XXVITi, fig. 46, pm,); its crown is composed of two 
elongated U-shaped lobes, separated externally by a short deep 
groove, which does not extend to the base of the crown. On 
the inner face the lobes are not so clearly separated, the face 
beimg nearly flat in consequence of wear. ‘The anterior lobe is 
the bigger, and is borne on a large root; while the smaller 
posterior lobe has a much smaller root. The enamel is quite 
smooth, and is thickest on the outer face of the tooth; there 
is no trace of a cingulum. The tooth in front was smaller, but 
doubtless otherwise similar, the roots showing exactly the same 
arrangement. 
The crown of the next tooth preserved is also composed of two 

_ elongated lobes, somewhat V-shaped on the outer face, the anterior 
arm of the V being much the longer. Externally, the lobes are 
separated by a deep vertical groove extending nearly to the base 
of the crown, which is here becoming very high and _ prismatic 
in form ; the tooth, as a whole, is slightly curved, with the convexity 
directed forward. On the inner face the columns are likewise sepa- 
rated by a vertical groove: the anterior column is the longer from 
before backwards; its postero-internal edge forms a prominent 
ridge (metaconid) on the inner side of the tooth, constituting the 
anterior lip of the vertical groove already mentioned. 

The next tooth is still more hypsodont, and the columns are 
stouter and broader, their crescentic form being less distinctly 
shown. The same is also true of the next tooth, in which the 
hypsodonty reaches its highest pitch, so that there is considerable 
resemblance to some Rodent molars. Despite the hypsodonty, 
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the roots of the molars are well formed, and clearly separated from 
the crown; they are closed at the ends, except for the entrance 
of the nerve. They are two in number, each extending transversely 
across the tooth. The crown of the tooth is entirely covered by 
enamel, which in the anterior premolars is smoothly, but in the 
hypsodont teeth is raised into faint irregular ridges at right 
angles to the long axis of the tooth. On the crown the dentine 
is worn into deep. hollows surrounded by enamel, highest at the 
outer side and at the angle formed by the metaconid. | 

The determination of the position in the series of the above- 
described teeth is difficult, since it is uncertain whether there was. 
not at least one other tooth behind those preserved. This is rendered 
the more probable, because the collection includes an isolated tooth 
which shows traces of a posterior third lobe (Pl. XXVIII, figs. 5 & 
5a), and would therefore probably be the last lower molar. If this 
be the only molar missing from the jaw, then the teeth preserved 
would be pm,, pm,, m,,m,, while the roots and alveoli in front would 
indicate the presence of pm,, pm,, the whole of the premolars and 
molars forming a continuous series. This interpretation is further 
supported by the circumstance that the tooth here regarded as m, is 
much more worn than the tooth in front (pm,). If this view of 
the nature of the teeth be correct, then it is.clear that the increasing 
hypsodonty had already affected the last premolar. The incisor is 
represented by its root only; 1t was procumbent, and transversely 
elongate in section. Itis not clear whether a second pair of incisors 
was present, nor can the existence of a canine be made out. 

The affinities of this small mammal are difficult to determine ; but 
it seems most likely that it is a very small Hyracoid, in which the 
molars have become extremely hypsodont. The chief reason for 
this interpretation is founded on the number and, judging from pm,, 
on the form of the premolars, which are very similar to those in the 
young Hyraxz and perhaps still more to those in Saghatherwum. 
Again, the form of the tooth-crown in the molars is very similar 
to that observed in much-worn molars of the more hypsodont 
species of Hyraz. 

The occurrence of an upper molar (Pl. XXVIII, figs. 6a & 65), 
probably belonging to the same species, supports the view that I 
have taken as to its Hyracoid affinities. This tooth is a very 
hypsodont prismatic molar, which shows a wear pattern that 
might be easily derived from a Hyracoid molar. The ectoloph 
consists of a well-developed parastyle, an antero-external cusp (para- 
cone) and a postero-external cusp (metacone), all of which form 
prominent vertical ridges on the outer face; there does not appear 
to be any mesostyle. The inner part of the tooth is composed 
of two transverse crests (protoloph and metaloph), the inner end 
of the protoloph being somewhat imperfect. Each crest seems 
to be made up of a smaller middle tubercle (protoconule and 
metaconule respectively) and a larger inner tubercle (protocone 
and hypocone respectively); these are separated on the inner face of 
the tocth by a deep vertical cleft. In wear, two islands of cement 
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swrounded by enamel are formed in each crest, the larger outer 
islands being crescentic and situated immediately internal to the 
paracone and metacone respectively. The smaller islands are 
situated just external to the protocone and hypocone ; in wear, the 

é latter tubercle becomes continuous with the posterior wall of 
the tooth. The anterior and posterior faces of the tooth are flat, 
with a band of cement near the outer edge; the inner face is slightly 
concave from above downwards, the outer correspondingly convex. 
There is a slight increase of size in the tooth towards the roots, of 
which there seem to have been four. 

The dimensions (in millimetres) of these specimens are :— 

, Mandible : 
Length of the grinding-surface of the four teeth .................. 12 
Length of the specimen as a whole ..................c0-eeeeeeee eee ees 17 

i; Height of crown 
Lower teeth : Length. Width. (outer side). 
“A a Eee eee sa’ 11 1:8 
US Te See eerie rap eee 31 1:3 3°0 
Cyan do oi. ye noes inte 35 18 5'0 
Par eds eure ke 31 2°0 6:0 

DPS OPE oon. oo. 20k. Soe 4:0 3°0 50 

Tf this animal is rightly regarded as a Hyracoid, it differs from 
the other members of the group in (1) its very small size, and (2) 
the extreme hypsodonty of its molar teeth. I propose to refer this 
species to a new genus, Wyohyrax, under the specific name 
M. oswaldi. Tt must also be regarded as the representative of 
a new family, the Myohyracide. The fact thatan the Upper 
Eocene (Oligocene of most authors) of Egypt the Hyracoidea 
‘were already represented by a great variety of forms with widely 

_ differing types of dentition, shows that they were a group of 
great importance and plasticity, and so there is nothing remarkable 
in finding a type such as is here described in beds of Lower 
Miocene age. Probably, when the early Tertiary faunas of Africa 
are better known, many other striking modfiications of the same 
group will be found. 

ARTIODACTYLA. 

Family ANTHRACOTHERIID £. —% 
This group is represented by portions of the skeleton of at least 

two species of Anthracotheres. The specimens include a fragment 
of a mandible with m, zm stu, humeri, portions of tibie, carpals, 

- and tarsals. 
The fragment of mandible (Pl. XXIX, figs. 3a & 3 6) from Bed 31 

consists of the hinder portion of the left ramus with the last molar 
complete, except for the loss of the postero-internal cusp, and the 
roots of the second molar. The molaris a comparatively hypsodont 
tooth, approximating in this respect to the molar of Ancodon. The 
inner cusps are particularly high and sharp-pointed ; the outer 
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cusps are V-shaped, and the anterior limb of the V is strongly 
developed, that of the antero-external (protoconid) cusp extending 
to the antero-internal angle of the tooth and entirely cutting off 
the antero-internal cusp (metaconid) from the anterior border of — 
the tooth. Similarly, the anterior limb of the postero-external cusp 
(hypoconid) extends quite to the inner border of the tooth, separating 
the metaconid from the entoconid and blocking the inner end of 
the transverse valley. The talon is a narrow loop, the outer wall 
of which is much the highest; posteriorly it terminates mm a high 
sharp cusp. A cingulum is present on the anterior end of the 
tooth, and at the outer end of the posterior transverse valley. The 
enamel is sculptured by a series of fine irregular ridges running 
towards the tips of the cusps. The depth of the mandibular ramus 
seems to have been greater than in Ancodon, in this respect approxi- 
mating to Brachyodus. 

In the height of its cusps the tooth above described approaches 
those of some species of Ancodon, such as A. velaunus (Cuvier); 
but it is distinguished from that genus by the strong development 
of the anterior limb of the outer cusps and by their relations to the 
inner cusps. In this respect it appears to resemble Merycops, at 
least so far as it 1s possible to judge from Mr. Pilgrim’s description — 
the figures given by him are indistinct. There is also considerable 
similarity with the corresponding teeth of Merycopotamus and 
Hemimeryx ; for the present, this species may be called Mery cops 
africanus, sp. nov., but further material is necessary for its. 
complete determination. 

The dimensions (in centimetres) of this specimen are :— 

Length of specimen) cere pecs ieee 6°7 
Depth of ramus beneath the middle of m,...  3°1 
Length of ary? ee cate nee eee nee 31 
Width: of mg ~.25. ie ene eer de here ee 15 

Another tooth (Pl. X XIX, figs. 4a & 46) probably belonging to 
a member of this group is a right lower canine tusk. This tooth, 
as a whole, is strongly curved, forming an are of a circle. The 
crown, which is short, is sharp-pointed and triangular in section, 
the outer somewhat convex face being the widest. The posterior side 
is formed by a flat surface of wear, which on the inner side extends. 
down to the cement-covered root. The enamel is covered with 
a series of fine irregular wrinkles, directed towards the summit 
of the crown and most clearly marked on the inner face. The large 
cement-covered root is roughly triangular in section, and is scored 
along its length by a series of shallow grooves, one situated towards. 
the outer side of the inner face being much the most strongly . 
developed. This tooth, except for the shortness of its crown, is. 
remarkably similar to the canine of a small Hippopotamus. It 
seems probable that, hke the molar above described, it belonged. 
to. an animal resembling Merycopotamus and perhaps ancestral 
to Hippopotamus, which was almost certainly derived from an 
Anthracotheroid type. 
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: The dimensions (in centimetres) of this tooth are :— 

eerie he Ahh IT TU tlie sive eben een Seek we eos 
Length along outside of curve (approximate) ... 13° 
Wri Gr UIUC OF POOR het tis cs fos cic cag cwande ses bo 02 © Ot DO OF 

The Anthracotheres are also represented by several limb-bones, 
including humeri, a femur, part of a tibia, carpals, and tarsals. 
Some of these must have belonged to animals considerably bigger 
than those to which the teeth above described belonged, and 
indicate that several members of the group lived in this region in 
Lower Miocene times. 

Ae 

oer 

A very well-preserved humerus (fig. 2, p. 174) of large size 
probably belongs to a member of this group, and must represent 
a much bigger animal than those to which the teeth described 
above belong. In a general way, it is similar to the humerus 
of Brachyodus rugulosus described and figured by Dr. Martin 
Schmidt,! but differs in many details. The articular surface 
of the head (fig. 2, B,.) is roughly triangular in outline, one 
angle projecting posteriorly to a considerable extent; it is strongly 
convex from before backwards, and less markedly so from side to 
side—anteriorly it is separated from the base of the tuberosities 
bya basin-like hollow. The outer tuberosity (fig. 2,0.¢.) is massive, 
and to some extent overhangs the bicipital groove (6.9.), which 
does not appear to be the case in Br. rugulosus; on the other 
hand, it rises very little above the articular surface as in that 
species, thus differmg from the greater tuberosity of Ancodus as 
described by Prof. W. B. Scott.2 In Hippopotamus also the 
tuberosity rises high above the head of the humerus. The inner 
tuberosity (7.¢.) is massive, and its anterior surface, forming the 
hinder wall of the bicipital groove, bears a broad convex ridge, 
which divides the groove into a larger anterior and a smaller 
posterior portion. 

The shaft of the bone is straight, relatively slender, and some- 
what compressed laterally. The crista anterior (cr.a., fig. 2, A) 

_ running down from the outer tuberosity is not well marked; but 
the deltoid ridge (d.r., fig. 2, A) formsa strong anterior prominence 
situated about the middle of the bone, and in its upper portion 
hollowed by a roughened concavity. At the distal end there seems 
to have been a supratrochlear foramen ; this is, however, not quite 
certain, the very thin wall of bone between the olecranon and the 
supratrochlear fosse having perhaps been broken away by accident. 
The trochlear surfaces (¢., fig. 2, A & C) are oblique; the inter- 
trochlear ridge (7.tr.) is highly developed, and situated well to 
the outer side of the trochlear groove, so that the outer surface 
for the radius is considerably narrower than the inner, much as in 

1 * Ueber Paarhufer der Fluviomarinen Schichten des Fajum’ Geol. Paliont. 
Abhandl. Jena, vol. xv (1913) p. 200 [48] & pl. xxi [v], figs. 1-3, 11. 

2 *The Structure & Relationships of Ancodus’ Journ. Acad. Nat. Sci. 
Philad. ser. 2, vol. ix (1895) p. 474. 
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Brachyodus. In Diplopus the intertrochlear ridge is less marked, 
and nearer the middle of the surface ; moreover, the outer border 
of the articulation is strongly produced downwards, a condition | 

Fig. 2.— Humerus of an Anthracothere (a fifth of 
the natural size). 

A, seen from the front. B= Proximalend. (C= Distal end. 
b.g., bicipital groove; cr.a., crista anterior; d.r., deltoid ridge; ect., ecto- 

condyle ; ent., entocondyle ; h., head ; 7.t., inner tuberosity ; 7.tr., inter- 
trochlear ridge ; 0.t., outer tuberosity ; ¢., trochlear surface. 

not seen in the specimen now described. The entocondyle (ent., 
fig. 2, A) is large, and bears on its outer side a large tuberosity for 
the attachment of muscles; its posterior angle does not project 
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beyond the articulation and is rounded off, not forming a right 
angle as in Brachyodus. The ectocondyle (ect., fig. 2, A) is pro- 
minent, but the supinator ridge is not well marked. On the whole, 
this bone may be regarded as belonging to a large Anthracothere, 
probably allied closely to Brachyodus. 

A second less perfect humerus (specimen 0), of smaller size, 
though otherwise similar, was collected; and from beds of the same 
age at Moghara I obtained another similar but still smaller humerus. 
Probably, therefore, the fauna of this horizon in Africa will be 
found to include a great variety of Anthracotheroid Ungulates, 
differing much one from the other in size and in other respects, just 
as is the case with the contemporary fauna of the Bugti Hills in 
British Baluchistan. 

The dimensions (in centimetres) of these specimens are :— 

Specimen a. Specimen b. 

(SE NTS Og Etna en oe aa 53°0 43°9 (approx.) 
Greatest antero-posterior width of proximal ; 

LE" 9 EROS he ao Sees SAAR STAY a Rane ee 18°2 — 
Greatest antero-posterior width of articular 
“SE OTR age, a AE Re ae eee aed a a 11:0 10:0 

Antero-posterior diameter of middle of shaft. 1 — 
Lateral diameter of middle of shaft............ 6°5 — 
Greatest width of distal end ..................... 13°6 11°4 
Width of distal articular surface ............... 8°5 73 

A very imperfect femur of an animal, at least as big as that to 
which the largest of the above humeri belonged, probably should 
be included here. It is imperfect at both ends; but it can be seen 
that the great trochanter was very large, with a deep digital fossa. 
The shaft was oval in section, its long diameter measuring about 
85 centimetres; its posterior face bears a very strongly-marked 
linea aspera. The distal end is too imperfect for description. 

A distal end of a right tibia (fig. 1, B & C, p. 166) indicates the 
existence of an Anthracothere still bigger than that to which the ~ 
larger humerus above described belonged. The distal articulation is 

__. typically Artiodactyl in form; but the internal malleolus is broken 
away, and the rim of the articular surface is incomplete in some 
places. The two concave surfaces for the reception of the astra- 
galus are approximately equal in size; on the inner border of the 
inner astragalar surface, opposite the anterior end of the internal 
malleolus, the surface is notched by a well-marked pit—this is also 
obscurely indicated in a very closely similar tibia from Moghara, 
but is not seen in Diplopus, Brachyodus gorringei, or Sus. On 
the other hand, in the tibia of Hippopotamus there is a large 
notch with a deep fossa at this point. This comparatively un- 
important character, like the absence of the notch in the acetabulum 
of Brachyodus, may point to the close relationship of these 
African Anthracotheres with Hippopotamus. The outer angle of 
the distal end of the bone is truncated by a roughly-triangular 
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rugose surface for the fibula. Of the shaft a length of only 10 to 
12 centimetres is preserved; its anterior face is nearly flat, while 
its sides and posterior face form a continuous convexity from side 
to side. The dimensions (in centimetres) of this tibia are :— 

Width of distal articulation from side to side ................20.05 10°0 

Width or the same trom. front to back :...5: ..2.2. 6. 8:0 

Width of shaft, 10 centimetres above the articulation ......... 72 

Members of this sub-order are also represented in the collection 
by fragmentary remains, which indicate the existence of several 
distinct. forms, but are too scanty to permit of definite deter- 
minations being made. The Tragulidze are probably represented — 
by two or three species. Thus, an upper much-worn molar is 
closely similar to one of Prodremotherium, and to this form also 
may perhaps be referred the distal end of a humerus and some 
small astragali. A lower molar of a somewhat larger animal from 
Bed 15 at South Nira is very like the same tooth of Dorcatherium 
nant Kaup, and to this an astragalus may also be referred. There 
is, moreover, the distal end of a tibia, which -does not seem to 
agree with either of these types. Finally, a well-preserved right 
astragalus from Bed 13 at Nira appears to belong to an antelope- 
like animal about the size of a large goat, and an imperfect 
caleaneum may be referred to the same form. 

On the whole, the collection indicates that in the Lower Miocene, 
as at present, the Artiodactyla formed the most important con- 
stituent of the African fauna. 

Sub-order PERISSODACTYLA. 

This sub-order is represented. by. some scanty remains of a 
Rhinoceros. The chief specimens are a third right upper molar 
(Pl. XXVITI, fig. 3), portions of the radius, and some odd foot- 
bones. 

The molar is well preserved, and seems to have been freshly broken 
from the jaw. The form of the rather hypsodont crown will be 
best understood from the figure. It will be seen that it was 
triangular in outline, with a strongly-developed cingulum on the 
inner part of the anterior face; there is also a slightly-developed 
ridge of the cingulum at the inner end of the transverse valley. 
On the postero-internal angle near the base of the crown is a small 
prominence, which Prof. O. Abel regards as representing the hinder 
end of the ectoloph; if this be so, however, not only is the metaloph 
very greatly reduced, but the crochet arises from the ectoloph—it 
seems probable that, in this case at least, the prominence belongs 
to the cingulum. The crochet is small, and there are distinct traces 
of the crista. Comparison with the corresponding tooth of several — 
species of Rhinoceros shows that the specimen here described most 
nearly resembles m, of Rh. schleiermacheri, but is somewhat larger 
and differs in the presence of the cingulum at the inner end of the . 
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valley, a structure not seen in the specimens examined. Prof. H. F. 
Osborn ! considers that the sub-family—the Ceratorhinee—to which 
Rhinoceros schlevermachert belongs first appears in the Middle 
Miocene of Europe, where it is represented by /h. sansaniensis. 
Dr. L. Mayet,? on the other hand, carries the line back to 
Rh. tagicus Roman, from the Burdigalian Beds of Portugal. If 
further discoveries confirm the relationship of the species here 
described with Ah. schletermacherz, it would seem that a probably 
African origin may be assigned to the Ceratorhinz, but much 
more material is necessary before any conclusion can be drawn. 

The dimensions (in centimetres) of this tooth are :— 

Greatest width of the crown at the base ......... 6°5 
Greatest length of the crown ..................0.000e 5°6 

A portion of the upper part of the radius shows that it was not 
fused with the ulna, and that the limb was probably not very 
heavy. A left os magnum and a left cuboid are also included 
in the collection. 

Order RODENTIA. 

This order is represented by a fragment of the left ramus of the 
mandible (Pl. XXVIII, fig. 7) of an animal almost as big as 
a guinea-pig; the fourth premolar and the first and second molars 
are in situ. This specimen is from Bed 24 at Kachuku. 

The teeth are brachyodont, and each molar consists of two outer 
heart-shaped cusps (protoconid and hypoconid), the external angles 
of which are directed forwards—the two being separated by a deep 
groove directed somewhat backwards. The inner face of the tooth 
bears two cusps, the metaconid and the entoconid : of these the 
former is connected with the protoconid by a ridge which forms 
the anterior wall of the tooth-crown. The entoconid is connected 
by a ridge crossing the middle of the crown to the inner point 
of union of the wear-surfaces of the antero-external and postero- 
external cusps. At the bottom of the bay between this transverse 
ridge and the anterior wall of the tooth is a slight prominence, 
apparently the rudiment of another transverse ridge. Finally, the 
postero-external cusp is connected with a ridge forming the hinder 
wall of the crown (hypoloph) ; this turns strongly forwards at its 
inner end, and in wear would become connected with the postero- 
internal cusp (entoconid ), enclosing an enamel-covered valley. The 
enamel on the outer side of the external cusps is very thick, but 
the internal cusps are the most prominent. 

The premolar, so far as its posterior half is concerned, is similar 
to the same part of the molar; but the anterior region is reduced, 
and appears to consist of one large cusp or (perhaps, more properly) 

1 Bull. Am. Mus. Nat. Hist. vol. xiii (1900) p. 256. 
2 «Etude des Mammiféres Miocénes des Sables de l’Orléanais’ Ann. Univ. 

__~ Lyon, n. s. Sciences, fase. xxiv (1908) p. 113. 
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two closely-united cusps, the outer of which is united with the 
postero-external cusp, while the inner is separated from the middle 
transverse crest by a well-defined valley extending half way across 
the crown. 

These teeth seem to be very similar to the lower teeth of 
Phiomys described by Prof. Osborn,! while they differ considerably 
trom the lower teeth doubtfully referred by Dr. Schlosser? to that 
genus. The chief difference’ between the molars and those of the 
Phiomys of Osborn seems to be that the incomplete crest, ranning 
on from the postero-internal side of the protoconid, is less developed 
than in that genus. In Metaphiomys, on the other hand, it is 
much more strongly developed. 

The dimensions (in millimetres) of this specimen are :— 

Length of the crowns of the three teeth ............... 10°6 

Length of crown. Width of crown. 
PIG. vib as 6, sviets Sgt esa aera 4-0) 3°8 
MEL os inion Loca pa see oe ae Ree 3°4 40 
TENG ves oc so dels 55 Caper ee eee ee 3°8 42 

Measurements taken at the grinding-surface. 

Dr. Schlosser has shown that Phiomys is a member of the 
Theridomyide, approximating in tooth-form to various species 
of Theridomys and Trechomys, and the species here described may 
be regarded as belonging to a new genus of the same family, its 
specific name being Paraphiomys pigotti, gen. et sp. nov., 
after the late Mr. D. B. Pigott, who was the first to collect bones 
in this locality. It may have been derived from Phiomys or some 
allied form, having undergone an increase in size and a reduction 
of the transverse ridge mentioned above. 

. Of the recent forms inhabiting Africa, the Cane-Rats seem to 
approach this type most nearly in tooth-form. For instance, in 
Thryonomys the molars are similar, but have entirely lost the 
extra ridge from the protoconid, and the premolar is larger and 
more complicated. Much more material is required before the 
question of any actual relationship can be settled. 

Order CARNIVORA. 

This order is represented by a portion of the left ramus of a 
mandible and a left astragalus. 

The mandibular ramus (Pl. X XIX, figs. 1a &16), from Bed 31 
at West Kachuku, is unfortunately incomplete posteriorly, all 
behind the last premolar having been broken away. That portion 
of the ramus which is preserved deepens at the symphysis, partly 
on account of the upward curve of its upper border, but partly 
also owing to the slight downward curve of the ventral border to 
the rounded and thickened chin. There are two foramina on the 

1 Bull. Am. Mus, Nat. Hist. vol. xxiv (1908) p. 269. 
2 Beitr. Palaont. @sterr.-Ung. vol. xxiv, pt. 2 (1911) p. 91. 
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outer face of the bone—the larger a little anterior to pm,, the 
other beneath pm,. 
The teeth preserved are an incisor (fig. 1 a, 2.), apparently the 

outer one, the canine (¢.), and two premolars (pm,, pm,), the 
small pm, being represented by its root only. The incisor has 
its crown strongly compressed from side to side towards its base, 
while the summit forms a backwardly curved hastate point. The 
canine is not very big; its inner face is nearly flat, and is 
separated from the strongly convex anterior and outer face by 
well-defined ridges, the hinder of these forming the sharp posterior 
edge of the tooth, which is finely crenulated from the base nearly 
to the point. Behind the canine is a diastema, in which the upper 

border of the jaw rises towards the front; behind this, again, is the 
root of the small compressed pm,, which in turn is separated by 
a short interval from pm,. Pm, consists of a high, laterally 
compressed, anterior cusp, behind which and towards the outer 
side of the tooth is a small tubercle surrounded posteriorly and 
internally by a strongly developed cingulum. Pm, is a con- 
siderably bigger tooth; it consists of a large central cusp, much 
compressed and having sharp anterior and posterior edges, a small 
blunt anterior tubercle, and a compressed posterior cusp, the 
cutting-edge of which is in line with the edge of the main cusp, 
from which it is separated by a sharp notch; behind this is a 
small talon formed by the cingulum. 

This mandible seems to have belonged to a feline Carnivore, 
nearly related probably to Psewdelurus or Ailurictis. From 
Alurictis tt is distinguished by the absence of a sharp angulation 
of the chin, the smaller size of pm,, and its greater distance from 
the canine in front and from pm, behind. From Psewdelurus it is 
distinguished by the somewhat greater depth of the chin and the 
greater length of the diastema between the canine and the second 
premolar. ‘There is, however, in the British Museum. collection a 
mandible referred to Pseudelurus in which these differences are 
not very great, and the present specimen may be provisionally 
referred to that genus under the name of Pseudelurus afri- 
Canus, sp. NOV. 

The dimensions (in centimetres) of this specimen are: 

Length, so far as preserved ..................... yy 
Depth of symphysis at canine .................. 2°6 
Depth of ramus beneath pm, .................. 2°1 
Distance between canine and pm, ............ 20 
JOSE AOS US Sok: Ge ee Bene cee ee Ls 
DPV Seb CPI Ada eos BORN oe Seas hs 0°5 
Length of pm, .......... ATR Se 1°4 
A ee ees 0°6 

The left astragalus (Pl. XXIX, fig. 2) of a Carnivore, about 
as big as a lion, presents some peculiar features. The specimen, 
which is from Bed 31 at Kachuku, is considerably abraded at the 
edges, but shows the chief characters very well. The surface 
for the tibia is oblique, and but slightly ecncave from side to 
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side; at its lower posterior border is the upper opening of the 
astragalar canal, the lower aperture (f) of which les in a deep 
pit between the posterior end of the ectal (ect.) and sustentacular 
(sws.) facets for the caleaneum. The fibular facet is nearly flat, 
and in the anterior half of its lower border it forms an obtuse 
angle with the anterior part of the ectal facet; posteriorly, the 
two surfaces are separated by a deep groove, terminating anteriorly 
in a foramen, a condition also seen in the astragalus of Apterodon. 
The inner face of the body of the bone beneath the tibial surface is 
concave, but ventrally it is produced into a considerable tuberosity. 
The neck is long, and the head bears a convex navicular facet; but 
its borders are much broken and the actual form uncertain. The 
elongated ectal facet is placed very obliquely, and is concave in 
the direction of its length; it is separated from the sustentacular 
facet by a deep valley, which terminates postero-internally im the 
astragalar foramen, while antero-externally it widens out. The 
sustentacular facet is rhomboidal in outline, and is gently convex. 

Comparison with the astragali of other Carnivora shows ‘that 
this specimen is much like the astragalus of the Felidz. In these, 
however, except in the Macherodontine, there is no astragalar 
perforation, and comparison with an astragalus of Simzlodon shows 
that in this genus, and probably therefore in other genera of 
Macherodonts, the neck of the bone is much shorter than in the 
specimen now described. Very considerable similarity to the 
astragalus of Apterodon macrognathus from the Upper Eocene 
of Egypt! is also noticeable. It seems, therefore, likely that this 
bone may either belong to a big and probably primitive feline 
Carnivore, or to a large Creodont surviving in this region after 
the group had died out elsewhere. 

The dimensions (in centimetres) of the specimen are :— 

Greatestlencth ...... 2. ..<:.céen eee tee ee 6°53 
Gremtest-width) ...°.:. 20.62.70 cae ee i 
Width of tibial surface (approximate) ...... 3°3 

Order CHELONIA. 

Group CRYPTODIRA. 

This group of Chelonians is represented by portions of a large 
and massive carapace and plastron (Pl. XX VII, fig. 4) belonging to 
a species of Testudo. 'The most important fragment, from Bed 31, 
at Kachuku, consists of the anterior half. of a plastron with parts 
of the right axillary buttress and of the antero-lateral border of the 
carapace. The plastron, so far as it is preserved, is very similar to 
that of Testudo pardalis, but belonged to an individual larger and 
possessing a more massive shell than is found in this recent species. 
“On the right side the suture between the hyo- and hypo-plastra is 
preserved, and if this suture is in the same relative position as in 

1 Brit. Mus. Catal. ‘Tertiary Vertebrata of the Fayim’ 1906, p. 231. 
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Testudo pardalis, the length of the complete plastron must have 
been about 84 centimetres. 

The epiplastra (£p7.), which form a slight projection at the 
anterior end of the plastron, are greatly thickened, and, as in 
T. pardalis, bear on their upper surface a strong prominence, 
which is deeply hollowed out posteriorly to form a high lip. 
The entoplastron (E7nt.) is lozenge-shaped, its transverse diameter 
being the longest. In the middle line on its upper surface is a 
strong ridge, produced posteriorly into a pointed process, which 
seems to have projected behind the rest of the bone. On the 
ventral face of the plastron, the postero-lateral borders of the ento- 
plastron are marked by strong grooves, as if a line of division in 
the epidermal shields occurred there. The hyoplastra (Hyo.) seem 
to have been relatively longer than in 7. pardalis. 

The paired gular shields (g.) are very short; they cover the 
projecting portions of the epiplastra, and their posterior angle is 
considerably in front of the anterior angle of the entoplastron. 
This last character distinguishes this species from all with which 
it has been compared, except TL. perpiniana Depéret & Donnezan! 
from the Pliocene of Roussillon. From this, however, the 
species here described is distinguished by the form of the 
epiplastra. In consequence of the small size of the gulars, the 
humeral shields (hwm.) appear very large; the line of union be- 
tween them and the pectorals is straight, and passes immediately 
behind the posterior angle of the entoplastral bone. The peculiar 
grooves running along the hinder border of this bone, and perhaps 
indicating a partial division of the humeral shields, have been 
mentioned above. 

The pectoral shields ( pect.) are very short from before back- 
wards; they are widest at their median ends, and narrow outwards 
almost to a point. The boundary between the abdominal and the 
femoral shields is not preserved. : 

This Chelonian may best be referred to the genus Testudo, 
although it is possible that, when the whole shell is known, it will 
be found necessary to separate it. It may be, for the present, 
called Testudo crassa, sp. nov. 

Some dimensions (in centimetres) of this specimen are :— 

eS UR ot a ae 84-0 
Width immediately in front of the axillary buttress ... 39°5 
Length of the entoplastral bone ........................... 16:2 
8 Oy BOL Dee ek 19°4 

An imperfect left scapula of a Chelonian of gigantic size may 
here be mentioned. The specimen is from Karungu, probably 
from the Lower Miocene deposits, and was sent to the British 
Museum by Mr. C. W. Hobley, C.M.G. It is rather larger than 
the corresponding bone of a skeleton of J. gigantea Schweigg. 

_ from Aldabra, the shell of which is about 123 centimetres long in 

1 Mém. Soc. Géol. France: Paléontologie, vol. iv, Mém. 3 (1893) pl. [ii] xv, 
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a straight line. If this scapula belonged to Testudo crassa, it 
indicates that that species sometimes attained a much greater size 
than the type-specimen. The long diameter of the glenoid cavity 
of this specimen is about 9 centimetres, the same as in the scapula 
of T. gigantea, above referred to. 

There are some fragments of a very massive shell, which probably 
belonged to one of these gigantic individuals. 

Group PLEURODIRA. 

This group is represented by an incomplete shell of a very young 
individual (fig. 3, below) of a species of Podocnemis from Bed 22 
at Kachuku. The specimen is imperfect peripherally, all the 

Fig. 3.—Shell of a species of Podocnemis from Bed 22 at 
Kachuku, about three quarters of the natural size. 

A = Carapace. B = Plastron. 

marginals being lost. There are six neurals, of which the first 
five are hexagonal in outline, with the antero-lateral side short; 
the sixth is pentagonal, and its posterior angle projects between and 
partly separates the inner ends of the sixth pair of costals; while 
the seventh and eighth pairs of costals meet in the middle line. 
As in the young of several species of Podocnemis, the neurals bear 
a slight keel-like median ridge, most highly developed on the 
fourth and fifth. The form of the epidermal shields will be best 
understood from the figure. 
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The plastron (fig. 3, B) is incomplete, the anterior and posterior 
ends being broken away. The characteristic lateral mesoplastra 
(Ms.p.) are well preserved. The left xiphiplastral (X7.p.) has 
come away from the matrix, and its impression shows that 1ts 

upper surface bore a roughened facet for union with the pubis, 
as usual in the group. . 

No living species of this genus is now found in Africa, but several 
have been described from the Upper and Middle Eocene of the 
Faytm (such as Podocnemis antiqua, P. fajumensis, P. stromeri') 
and from the Lower Miocene of Moghara (P. egyptiaca*). The 
specimen here. described resembles the type of P. egyptiaca in 
many respects, and, moreover, is from a bed of the same age. For 
the present, therefore, it will be best to regard it as a young 
individual of that species. Both specimens are very similar to 
individuals of P. madagascariensis of corresponding ages. 

Group TRIONYCHOIDEA. 

The greater part of the carapace of a species of Cycloderma 
was obtained from Bed 21 at Kachuku. The parts preserved 
are: the nuchal bone; the seven anterior neurals and part of the 
eighth; all the costals on the right side—except the outer end of 
the second, while on the left side the second, the seventh, and 
parts of some others are wanting. The surface of the carapace 
seems to have been moderately convex; its anterior (nuchal) 
border is slightly concave, but beyond this the outline is broadly 

_ convex, the shell widening as far back as the third costal. Behind 
this it narrows to the seventh costal, where its border is even 
slightly concave; from this point it is evenly convex to the 
postero-lateral convexities, between which the posterior border is 
slightly concave. (See Pl. XXVII, fig. 1.) 

The nuchal is considerably wider than long, and its anterior 
border is slightly concave. From about the middle of its ventral 
face, a short distance on each side of the middle line, a pair of 
strong ridges curve outwards and apparently terminated in a 
plate-like process overlapping the anterior part of the ventral face 
of the first costal; this ventral plate of the nuchal is separated 
from the edge of the main body of the bone by a sharp notch. 
There seems to have been no emargination of the posterior border 
for the reception of the anterior end of the first neural. 

There were eight neurals. The anterior two are between the 
first costals; they are of peculiar form, the first, which may perhaps 

be regarded as a pre-neural, being asymmetrically developed as a 
small irregularly-hexagonal plate, bounded on the left by the left 

q costal, but almost completely cut off from the right costal by an 

1 Ann. Mag. Nat. Hist. ser. 7, vol. xi (1903) p. 115, and A. von Reinach 
in Abhandl. Senckenb. Naturf. Gesellsch. vol. xxix (1903) p. 1; see also 
___ E. Dacqnué in Geol. Paliont. Abhandl. Jena, vol. xiv (1912) p. 308 [36]. 

2 Geol. Mag. dec. 4, vol. vii (1900) p. 1. 

| QJ.G.8. No. 278. 0 
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anterior prolongation of the second neural. This has short postero- 
lateral borders for union with the second costals; while, owing to 
the asymmetry above noted, the right antero-lateral border fo~ 
the first costal is much longer than the left. Neurals 3 to 7 are 
hexagonal, the postero-lateral borders being the shortest. The 
eighth is small, and is longer than broad; it nearly, or perhaps 
completely, separates the inner ends of the seventh costals; but 
whether it extended at all between the eighth costals cannot be 
seen. 

The first costal is the largest, and widens out to a considerable 
extent towards its outer end, although, owing to the large size of the 
nuchal, to a less degree than in the recent members of the genus. 
The fourth costal is the narrowest, and is almost of the same width 
throughout. The seventh costals, as noted above, are probably | 
completely separated by the last neural, while the eighth meet in ~ 
the middle line and together form the slightly concave posterior 
border of the shell. The ribs were very thin, and where fused with 
the costal plates form no noticeable prominence; their thin free 
outer ends are broken, but (even when complete) probably did not 
project beyond the edge of the carapace. 

The sculpture consists of numerous tubercles, which, on the — 
costals, tend to fuse into ridges running for the most part parallel 
to the edge of the plates, and are best developed near the edge 
of the shell. The sculpture of the neurals is less distinct, but here 
also the tubercles tend to form ridges, which in this case are more 
irregularly arranged. (See Pl. XX VII, figs. 2 & 3.) 

This specimen was at first regarded as a species of Trionyx, but 
it is distinguished from members of that genus by (1) the general 
outline of the shell, particularly of the posterior border, (2) the 
form of the nuchal bone, and (3) the nature of the sculpture. 
In all these points, and in its structure generally, it agrees very 
well with the two recent species of Cycloderma (C. frenatum 
Peters, from the Zambesi and the Congo, and C. awbryz A. Dum., 
from the Gaboon and the Ogowe). On the other hand, it is 
distinguished from these species by the larger nuchal and the con- 
sequently smaller first costal; and in the arrangement of the 
neurals, even if the asymmetry of the anterior two is regarded as 
an individual peculiarity, there are many differences in detail. 
It is proposed, therefore, to make this specimen the type of a new 
species, for which the name Cycloderma victoria, sp. nov., is 
proposed. 

The dimensions (in centimetres) of this specimen are :— 

Length of shell in the middle line ................. yan 34°3 
Length of nuchal in the middle line (approximate)...  4°4 
Width of muchal 2.24: 0): Siecicdere.. ch cen eeu 16°8 
Greatest width of shell) ..u0kece Aad Ses eae 30°7 

The only other portion of the shell of this Chelonian that is 
preserved is a plate of the plastron (hyo-hypoplastron) of a young 
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individual from Bed 31 at Kachuku; in this the sculpture is quite 
similar to that of the type carapace. 

The collection also includes some fragments of the shell of a 
species of Trionyx with fine vermiculate sculpture, but the remains 
are insufficient for determination. There is, too, a fragment of the 
middle of a large carapace bearing a sculpture of numerous shallow 
pits; this may indicate the presence of a form allied to Chitra 
andica. 

Order CROCODILIA. 

The Crocodiles are represented by teeth, scutes, and a few frag- 
ments of bones. One type of tooth is thick and blunt-crowned, 
almost circular in section, but with distinct anterior and posterior 
carine ; the enamel is raised into fine wrinkles. These teeth pro- 
bably belong to a Crocodile much lke the recent Cr. niloticus. 
There are also some slender conical teeth with very sharp points, 
and a somewhat curved crown covered with enamel, raised at 
regular intervals into well-marked ridges running from base to 
tip; in some cases, there are slightly developed anterior and 
posterior carinez. This type of tooth probably belonged to a long- 
snouted gavial-like form, not otherwise represented in the collection, 
except perhaps by some fragments of maxilla. 

Finally, among a number of small teeth collected in Bed 24 
there is one with a somewhat compressed lanceolate crown, the 
edges of which, except at the worn tip, bear a fine serration at 
right angles to the border (Pl. XXVIII, fig. 8). This tooth is 
extraordinarily like those of some Carnivorous Dinosaurs (for 
instance, Thecodontosaurus); as it shows no signs, however, of 
derivation from older beds, it can hardly belong to a member of 
that group, but is most probably Crocodilian. Somewhat similar 
serrated teeth have been described by Cuvier! as belonging to 
a Crocodile, remains of which are common in Eocene beds near 
Argenton. J. E. Gray” subsequently called this species Crocodilus 
rollinati, but afterwards it was referred to a separate genus 
Pristichampsa by P. Gervais.2 In this the teeth are similarly 
compressed and serrated, and it seems likely that the specimen 
here described indicates the survival in Africa of a similar type 
of Crocodile until the Miocene Period. Possibly some of the 
strongly sculptured scutes, the smaller vertebrz, and other bones 
may belong to the same animal. 

1 ‘Recherches sur les Ossemens fossiles’ 2nd ed. vol. v, pt. 2 (1824) p. 166 
& pl. x, figs. 14-17, 21, 22. 

2 <Synopsis Reptilium’ 1831, p. 61. 
3 *Zoologie & Paléontologie Francaises’ 2nd ed. (1859) p. 446 & pl. lvii, 

figs. 19-21, pl. lix, figs. 3-5. 
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EXPLANATION OF PLATES XXVII-XXIX. 

[All the specimens are in the British Museum (Natural History). ] 

PLATE XXVII. 

Fig. 1. Carapace of Cycloderma victori#, sp. nov., type-specimen; a quarter 
of the natural size. (See p. 183.) 

2. Seulpture of neural bone of Cycloderma victories ; natural size. 
3. Sculpture of costal bone of Cycloderma victorie# ; natural size. 
4, Imperfect plastron of Testudo crassa, sp. NOv., type-specimen ; a fifth 

of the natural size. (See p. 180.) 

abd., abdominal shield; Hnt., entoplastral bone; Epi., epiplastral bone ; 
g., gular shield; hwm., humeral shield; Hyo., hyoplastral bone ; Hyp., hypo- 
plastral bone; Nw., nuchal bone; pect., pectoral shield; Pyg., pygal bone. 

PLaTE XXVIII, 

Fig. 1. Right lower first molar of Dinotherium hobleyi Andrews ; two-thirds 
of the natural size. (See p. 165.) 

2. Right upper premolar of the same ; two-thirds of the natural size. 
3. Third right upper molar of a Rhinoceros; two-thirds of the natural 

size. (See p. 176.) 
Figs. 4a & 46. Portion of left ramus of mandible of Myohyrazx oswaldi, gen. 

et sp. nov., type-specimen ; four times the natural size. Fig. 4a. 
_ Crown view of teeth. Fig. 4b. From the inner side. (See p. 169.) 

Figs. 5 & 5a. ? Third lower molar of the same; four times the natural 
size. Fig. 5. Crown view. Fig. 5a. From the side. (See p. 170.) 

Figs.6a&6b. Upper molar of the same; four times the natural size. 
Fig. 6a. Crown view. Fig. 6b. From the front. (See p. 170.) 

Fig. 7. Left ramus of mandible of Paraphiomys pigotti, gen. et sp. nov., 
with pm sMy, type-specimen ; crown view of teeth. Four times 
the natural size. (See p. 177.) 

8. Tooth of a Crocodile (Pristichampsa ?). (See p. 185.) 

PLATE XXIX, 

Figs. 1a & 1b. Portion of a mandibular ramus of Pseudzlurus (?) africanus, 
sp. nov., type-specimen ; natural size. Fig. la. From above. 
Fig. 1b. From the inner side. (See p. 178.) | 

Fig. 2. Left astragalus of a (?) Creodont, from below; two-thirds of the 
natural size. ect., ectal facet; f., perforation in astragalus; sws., 
sustentacular facet. (See p. 179.) 

Figs. 3a & 36. Portion of left ramus of mandible, with m,, of (?) Merycops 
africanus, sp. NOV., type-specimen ; natural size. Fig. 3a. From 
above. Fig. 3b. From the inner side. (See p. 171.) 

Figs. 4a & 4b. Lower canine tusk of (?) the same; two-thirds of the natural 
size. Fig. 4a. From the side. Fig. 4b. From above. (See p. 172.) 
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Appennix III. 

On-some Non-MARInE Motiuscan Rematys from the Victorta 

Nyanzs REGION, ASSOCIATED with MiocENE VERTEBRATES.! 

By Ricuarp Butiten Newroy, F.G.S. 

[PLraTE XXX. ] 

Introduction. 

The material on which this communication is based was 
obtained by Dr. Felix Oswald from a series of fluvio-lacustrine 
deposits occurring at Nira, Kachuku, and Kikongo, which are 
situated east of Karungu Bay, and therefore near the north- 
eastern corner of the Victoria Nyanza, the furthest-removed locality 
from the lake-margin being Kikongo, which is distant some 5 or 
6 miles. 

From geological observations made at these places, Dr. Oswald 
was able to construct a vertical section showing that the rock-suc- 
cession was divisible into thirty-seven beds of variable thicknesses, 
which, when added together, amounted to a total thickness of about 
160 feet. Speaking generally, the mollusca were found through- 
out the deposits, and often in association with a small species of 
Dinotherium, and Chelonian, Crocodilian, and other vertebrate 
remains. The most valuable of these fossils was the Dinotherium, 
because it unmistakably indicated that the deposits containing it 
might be referred to the Burdigalian stage of the Miocene Period. 
Stratigraphically, then, this was an important result; but it had 
been arrived at previously to the ‘Oswald’ expedition by Dr. C. W. 
Andrews, F.R.S.,* who reported on similar Dinotheriwm remains 
from the same area, which had been collected by the late Mr. D. B. 
Pigott, and were afterwards presented to the British Museum 
by Mr. C. W. Hobley, C.M.G., one of the Commissioners for 
British East Africa. From a fragmentary mandible with teeth 
in situ, Dr. Andrews was enabled to recognize a new species of 
this genus, figuring and describing it as D. hobleyi, as well as 
pointing out its affinities and ranking it as ‘closely similar to 
D. cuvieri’ of Kaup, a characteristic mammal of the Burdigalian 
beds of France. 

It is fortunate, therefore, that the vertebrate evidence enables us 
to determine so accurately the horizon of the deposits, because the 
molluscan remains would have utterly failed in this direction, from 
the fact that they represent existing species. The collection consists 
entirely of gastropod genera of fluviatile and terrestrial character 
belonging to Ampullaria, Lanistes,, Cleopatra, Tropidophora, 
Achatina, Burtoa, Cerastus, and Limicolaria—the total avsence 
of Pelecypoda being incidentally mentioned as remarkable, since 

! Communicated by permission of the Trustees of the British Museum. 
2 ‘On a New Species of Dinotheriwm (D. hobleyi) from British East Africa’ 

Proe. Zool. Soc.-London, 1911, p. 943 & pl. xlviii. 
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the group is so well represented in the waters of the Victoria Nyanza 
at the present day. 

The more abundant shells are the freshwater genera Ampullaria, 
Lanistes, and Cleopatra; whereas the remaining or terrestrial 
forms are few, and appear to be extremely rare. So far as past 
distribution is concerned, only three of the species have been pre- 
viously recorded from geological deposits: namely, Ampullaria 
ovata and Lanistes carinatus, both of which occur in the late post- 
Pliocene beds of Egypt (Faytim) ; and also Zvopidophora nyasana, 
which has been found in beds of similar age on the Lake Nyasa 
plateau. Among the freshwater forms, only the Ampullaria is 
known as living in the Victoria Nyanza, while the nearest water 
for Lanistes carinatus appears to be the Tana River, a consider- 
able distance east of that lake. Lake Rudolf and the Mombasa- 
Zanzibar waters are the nearest available regions for obtaining 
Cleopatra bulimoides, while C. exarata is found only in the last- 
named district. The land-shells are mostly restricted to the Nile 
and lake countries of Eastern Africa. In the following table the 
distribution is set out more fully :— 

TABLE SHOWING THE DISTRIBUTION OF THE SHELLS COLLECTED BY Dr. OSWALD. 

Fossil. | Recent. 

se @ |@ (|i Ee | | & =| 
: Sa os 

Genera and Species. 50) QA8_-| 3.8 =| .is «| She er) 
GS BLS Se Me sl |81/2) 1. Sieieise 
SERS SSL S MSS] Sisal eleia& 
gg 28 Sols fl )¢ S| els si a| alee 
SS Bese) 2 se5/ 3/5) & felsa| el elba| 
ee & |X A IA |alR f= eA 

Freshwater. | . | 

Ampullaria ovata ......-.. | | xX x xX |X 
Lanistes carinatus ...... hu) OX ee Ge ihe, Ee he “4 oa 
Cleopatra bulimoides...... | xX i. 4 x|xX x - ie x 
Cleopatra exarata ...... | x | 4 x 

Terrestrial. | . 

Tropidophora nyasana ...| X x <f | : | x 
Achatina sp. Ser eae | eS ; i 
Burtoa cf. nilotica......... | xX hat ein! Marae Oe Se. 4 eae ky hae 
Cerastus cf. mollendorffi .'| X Rete acre naes be tbe of 
Cerastus sp. Pies aell Oe | 
DLimicolaria sp. ........ x | 

| 

In no other region of Africa has a similar molluscan fauna of 
this age been found, the only Burdigalian beds known being those 
of Moghara! and Wadi Faregh? in Egypt. They are, however, 
differently constituted, having involved marine as well as estuarine 
conditions in their formation, as proved by their fossil contents, 
which consist of marine mollusca, echinoids, polyzoa, etc., as 

1 OG, W. Andrews, Geol. Mag. dec. 4, vol. vi (1899) pp. 481, 482. 
2 E. Stromer, Abhandl. Senckenb. Naturf. Gesellsch. vol. xxix (1907) p. 83. 
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well as land-animals (Podocnemis, Brachyodus, etc.), and plants 
(palms). Certain sandstone-beds in the Moghara region are inter- 
calated with marine and terrestrial deposits, and are full of the small 
Paludestrina (= Hydrobia): hence Dr. M. Blanckenhorn! has 
regarded them as equivalent in age to the ‘ Hydrobien-Schichten ’ 
of Europe, which is part of the Burdigalian stage of the Miocene. 

It would seem, therefore, according to Dr. Oswald’s? preliminary 
account, that the deposits in question represent the delta of an old 
river which, during Lower Miocene or Burdigalian times, ran into 
the Victoria Nyanza at Karungu. The present molluscan evidence 
would indicate that the genera Lanistes and Cleopatra formed 
part of the lake-fauna at that period, although they have since 
become extinct in those waters, only the Ampullaria surviving to 
the present day. Among the terrestrial shells, Burtoa is the sole 
genus found in the neighbourhood of the lake, whereas the others 
occur in localities at considerable distances therefrom. Finally, it 
may bé stated that the molluscan remains consist largely of natural 
casts in clays, marls, and sandstones of different shades of colour, 
the prevailing tint being grey; there are, besides, occasional 
specimens which are better preserved, and in which the details 
of shell-structure can be seen. 

I desire to thank my friend Mr. Edgar A. Smith, I.8.0., of the 
British Museum, for advice and assistance during the pr eparation 
of these notes. 

Description of the Specimens. 

7 Freshwater Forms. 

Familv AMPULLARIID&. 

AMPULLARIA OVATA Olivier. (Pl. XXX, figs. 1-4.) 

Ampullaria ovata Olivier, ‘Voy. Emp. Othoman, Egypte, Perse’ 1804 (An 12) 
vol. iii, pl. xxxi, fig. 1 & p. 67: E. von Martens, ‘ Beschalte Weichthiere Ost- 
Afrikas—Deutsch-Ost-Afrika’ (K. Mobius) vol. iv (1898) p.158; E. A. Smith, 
Proc. Malac. Soc. London, vol. vi (1904) p. 100. 

Pachylabra ovata Kobelt, Kuster’s ‘ Conchy].-Cabinet ’ pt. 556 (1912) p. 46. 

Original diagnosis :—Oblongo-ovata, subcarnea, intus alba; umbilico angusto, 
recurvo ; margine columellari obtecto. 

Remarks.—The specimens referred to this species consist mostly 
of matrix-casts of various sizes, with more or less imperfect and 
fractured margins. In adult forms the spiral region would appear 
to be rather more produced than in smaller specimens—although 
the relative proportions are similar, and entirely agree with what 
obtains among living shells brought home by Dr. Oswald from the 
waters of the Victoria Nyanza. A few of the smaller or inter- 
mediate examples have some shell-structure preserved, in which 
the longitudinal striations can be traced; but there is no evi- 
dence of the spiral bands. 

1 Zeitschr. Deutsch. Geol. Gesellsch. vol. liii (1901) p. 102. 
2 “Daily Telegraph’ April 5th, 1912, and Geogr. Journ. vol. xli (1913) 

p. 114. 
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Occurrmg with these specimens are a number of isolated 
opercula of large, thick, and robust character, and, moreover, of 
calcareous structure. Only one fragmentary example is observed 
to be more or less 7m situ, covering the broken aperture of one of 
the smaller forms of this species. 
Dimensions in millimetres :— 

Shell Height varying from 18 to 45. 
Diameter (maximum) varying from 15 to 45. 
Height=33. 
Width=20. 

Distribution.—Although there are no records of the existence 
of this species in the waters of Birket el Qurun, it occurs in the late 
post-Phlocene deposits of that district of Egypt (examples are pre- 
served in the British Museum and in the Cairo Museum). Besides 
the original locality of Lake Mareotis, this molluse has been found 
in the region of the White Nile, the Victoria Nyanza, Lakes Tan- 
ganyika and Nyasa, as well as in parts of Portuguese West Africa. 

Occurrence.—The specimens were mostly discovered in Beds 
14 & 15, associated with remains of Chelonia, Crocodilia, and 
Lanistes carinatus. More isolated examples are represented from 
the following beds :— 

Bed 16. Opercula only—associated with Hyracoid, Crocodilian, 
and Chelonian remains and Cleopatra. 

Opereulum{ 

=e } Accompanying Chelonia and Crocodilia. 

Bed 21. With Lanistes carinatus, and vertebrates similar to 
those found in Bed 17. } 

Bed 24. Opercula only—with Dinotheriwm and other verte- 
. brates. 

Bed 31. With Dinotheriwm and other vertebrates. 
Bed 32. With Lanistes carinatus and Cleopatra. 
Bed 34. An isolated cast in brown marlstone. 

Localities.—Nira (Beds 14, 15,19, 24, 31, 32, 34) ; Kachuku 
(Beds 14, 15, 16, 17, 21, 24); Kikongo (Bed 14). 

LANISTES CARINATUS (Olivier). (Pl. XXX, figs. 5-7.) 

Helix terrestris bolteniana contraria Chemnitz, ‘Conchylien-Cabinet’ vol. ix 
(1786) p. 89 & pl. cix, figs. 921-922. é, 

Ampullaria carinata Olivier ‘Voy. Emp. Othoman, Egypte, Perse’ 1804 (An 12) 
vol. iii, pl. xxxi, fig. 2 & pp. 67, 68. 

Lanistes olivieri Montfort, ‘Conchyliologie Systématique’ vol. ii (1810) p. 123 
(=carinatus Olivier). 

Lanistes carinatus E. von Martens, ‘ Beschalte Weichthiere Ost-Afrikas— 
Deutsch-Ost-Afrika’ (K. Mobius) vol. iv (1898) p. 169. 

Meladomus (Lanistes) carinatus Kobelt, Kuster’s ‘Conchy].-Cabinet ’ pt. 550 
(1911) p. 19. 

Lanistes carinatus R. B. Newton, Proc. Malac. Soc. London, vol. x (1912) p. 75. 

Remarks.—The principal characters of this species are well 
epitomized in Olivier’s diagnosis of 1804:—‘ AMPULLARIA CARI- 
naTa: sinistra, depresso-turbinata ; wmbilict maximi margine 
carinato; apertura suborbiculata. For the more modern inter- 
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pretation of the shell, however, it is necessary to consult the 
figures and description of Dr. W. Kobelt as published in 1911, 
although exception must be taken to that author’s recognition of 
it under the genus WMeladomus.! It is more correct to regard 
Meladomus as embracing those species of reversed shells allied 
to Lanistes that have produced spires, and are besides mostly 
imperforate or simply furnished with a slit-like opening—as 
opposed to the true Lanistes, which exhibits a spreading and 
depressed spiral region, as well as a deeply-excavated umbilical 
cavity. The present species, therefore, to which the fossils are 
referred, forming the type of Lanistes of D. de Montfort, 1810, 
should not be mistaken for a member of Gray’s later genus, 
Meladomus. The fossils, numerously represented in the collection, 
consist chiefly of matrix-casts, composed of dull greyish clays or 
marls frequently tinged or mottled externally with dark reddish 
brown. 

They are particularly characteristic of Beds 14 & 15, being also 
found in Beds 21, 22, & 382, although much less sparingly and 
of smaller size. Occasional shell-structure has been preserved, 
in which the finely-carinate sculpture of the spire can be traced 
together with the growth-striations. As in the recent shell, 
the peripheral carina of the fossil form gradually disappears in 
its later development, the last whorl exhibiting considerable in- 
flation and roundness. The height of the spiral region may also be 
mentioned, as showing slight variation both in recent and in fossil 
examples. It is a significant fact that no opercula of this mollusc 
have been found, their absence being probably due to the extremely 
delicate character of that organ, as also on account of its corneous 
texture, which would favour its entire dissolution during the 
processes of fossilization. 

Distribution.—This species is known from the younger post- 
Phocene deposits of the Fayiim depression in Egypt (specimens in 
the British Museum and the Cairo Museum), and is found living mn 
the Nile (near Alexandria, etc.), Birket el Qurun, Lake Dembea 
(Abyssinia), and the Tana River in British East Africa. It 
apparently does not belong to the present-day fauna of the Victoria 
Nyanza, no specimens having been found among a large series of 
shells brought back from that lake by Dr. Oswald; nor are there any 
examples in the British Museum collection. Dr. E. von Martens * 
has referred doubtfully to its occurrence in the Victoria Nyanza; 
while Mr. E. A. Smith* has regarded as unreliable Dr. H. Dohrn’s 
statement* that the species exists in those waters. According, 

1 Meladomus was originally proposed by W. Swainson (‘A Treatise on Mala- 
cology’ 1840, p. 340), but without recognizable type or description. Its proper 
adoption was due to J. EK. Gray (Proc. Zool. Soc. London, 1847, p. 148), who 
selected as its type G. B. Sowerby’s Paludina olivacea ; therefore to Gray 
must be accredited the authorship of this genus. 

* «Beschalte Weichthiere Ost-Afrikas—Deutsch-Ost-Afrika ’ vol. iv (1898) 
pp. 169, 290. 

* Ann. Mag. Nat. Hist. ser. 6, vol. x (1892) p. 121. 
+ Proc. Zool. Soc. London, 1864, p. 117. 
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also, to E. von Martens, the species does not occur in either Lakes 
Tanganyika, Albert Edward, or Nyasa, nor has it been recorded 
from Lake Rudolf; the southernmost locality for the shell appears 
to be the Tana River in British East Africa,! distant probably — 
some 600 miles east of the deposits whence Dr. Oswald collected 
his fossils. . 
Occurrence.—The specimens found in Beds 14 & 15, which are 

the most numerous, were associated with Chelonian and Crocodilian 
remains; the specimens from Bed 32 occurred with Ampullaria 
and Cleopatra. 

Localities.—South Nira (Beds 14 & 15); Kachuku (Beds 14: 
& 21); Nira (Beds 14 & 82). 

% 

3 
‘ 
{ 

‘ 

Family VIvIpaRIp#. 

CLEOPATRA BULIMOIDES (Olivier). (Pl. XXX, figs. 10 & 11.) 
Cyclostoma bulimoides Olivier, ‘ Voy. Emp. Othoman, Egypte, Perse’ 1804 (An 12) 

4) volvan, peGs & pl, xxxi, fic. 6. 
Paludina (Cleopatra) bulimoides Troschel, ‘Das Gebiss der Schnecken’ 1857, 

vol. i, pt. 2, p. 100 (Cleopatra, founded on the structure of the radula, Olivier’s ; 
bulimoides being the type); E. von Martens, ‘Conchylien aus Zanzibar, &e.’ | 
Nachtr. Deutsch. Maia Gesellsch. 1869; p. 154, . 

Sig bulimoides Jickeli, Nova Acta Acad. Czs. Leop.-Car. vol. xxxvii (1874) . 
p. 2 

Original diagnosis :—Parvulumn, fusiformi-oblongum, corneum; zona fusca, 
umbilico angusto, apertura ovali. 

Remarks.—Upwards of a hundred specimens in various states of 
preservation represent this small species. They are of conical oblong 
contour, possessing about six convex whorls, a slightly oblique, @ 
small, and oval aperture, as well as a rather insignificant rimate 
perforation. The surface is marked by a series of irregular longi- 
tudinal striations, sometimes sinuated near the suture, the earliest 
or apical whorls being more or less angulate immediately below 
the suture and, moreover, furnished with strong spiral coste. It 
often happens in recent examples that decortication of the apex has 
taken place, and thus destroyed this early spiral sculpture ; it can ~ 
be obscurely seen, however, in a British Museum specimen (among 
others in the same box) collected by Capt. S. 8. Flower, at Giza, 7 
Egypt, but in the fossil examples this ornamentation is far better 
preserved. | There appear to be no figures illustrating such sculpture, 
although it constitutes an important feature in the history of the 
species. References have been made to the unicarinated condition of 
the uppermost whorls both by Jickeli and by E. von Martens; but, 
so far as the presence of spiral costa is concerned, such a character 
would appear to have hitherto escaped the notice of conchologists. 
Dimensions in millimetres :— 

Complete specimen Imperfect specimen of larger size 
(medium size). (three last whorls only). 

Height ...... Ua SO aa 15 
Dismehor faye anon fran 8 
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Distribution.—This 1s a characteristic mollusc of localities in 
‘North-Eastern Africa and was originally described from Lake 
Mareotis. Dr. Jickeli refers to a number of places where the shell 
has been found, mostly in the Nile waters. According to E. von 
Martens, the species is not known to exist in the Victoria Nyanza 
or in the other lakes of that part of Eastern Equatorial Africa ; it 
has, however, been recorded from Lake Rudolf by Neuvillé & 
Anthony.! 
Occurrence.—The specimens were found in a brownish marl- 

stone, associated with Ampullaria and Lanistes, in Bed 382; and 
in Bed 31 associated with Ampullaria and Limicolaria. 

Locality.—Nua. 

CLEOPATRA EXARATA (KE. von Martens). (Pl. XXX, figs. 8 & 9.) 

Paludomus exarata § cingulata E. von Martens, Monatsber. K. Preuss. Akad. 
Wissensch. 1878, p. 297 & pl. 1i, figs. 14-16 (=cingulata of the plate). 

Cleopatra exarata Bourguignat, ‘ Moll. Afrique Equator.’ 1889, p. 164; E. von 
Martens, ‘Beschalte Weichthiere Ost-Afrikas—Deutsch-Ost-Afrika’ (K. 
Mobius) vol. iv (1898) p. 189. 

Cleopatra (Zanguebaria) exarata W. Kobelt, Abhandl. Senckenberg. Naturf. 
Gesellsch. vol. xxxii (1909) p. 80. 

Original diagnosis :—Testa conico-oblonga, perforata, solida, cingulis spiralibus 
elevatis confertis, circa 9 in anfr. penultimo conspicuis, ultra 20 in ultimo, non- 
nullis bifidis, seulpta, nigricans decollata; anfr. superstites 4, vix convexiusculi, 
sutura mediocri discreti; apertura subperpendicularis, oblongo-auriformis, 
superne acutangula, margine externo angulatim arcuato, basali auriculatim 
producto et effuso, columellari subdilatato, expanso, fulvicante. 

Remarks.—There are several fragmentary examples of this 
species, in which the characteristic and spirally-banded costz are 
well preserved. 'The most complete specimen has escaped anything 
like erosion of the spire, so frequently the case among recent forms. 

: This has a length of 15 and a diameter of 8 millimetres ; it is 
furnished with seven or eight whorls, the protoconch being rounded 
smooth, and depressed, the two succeeding whorls being more or less 
smooth, erect, and carinated in the centre; the later whorls are of 
more plano-convex structure, with the exception of the last, which 
is elongately inflated. The peristome is incomplete, on account of 
the outer lip being fractured ; the base is, however, well preserved, 
and shows the produced character of the lip of the columella, 
together with indications of a narrow perforation. It should be 
mentioned also that the cingulate coste are crossed by innumer- 
able, fine, microscopical striations, which give rise to a delicately- 
decussated surface. 

Distribution.—The species appears to be restricted to the 
Zanzibar and Mombasa regions of Eastern Africa, the type-locality 
being Finboni. It does not occur in the Victoria Nyanza, although 
mentioned incidentally by Bourguignat in his ‘ Espéces Nouv. 
Oukeréwé & Tanganika’ 1885, p. 7. 

Occurrence.—Examples are found in Bed 16 in a greyish 
sandstone matrix, accompanied by opercula of Ampullaria, Hyra- 
coid, Chelonian, and Crocodilian remains; again in Bed 19 in 
a greyish sandstone, associated with coprolites, Chelonian and 

1 Bull. Soc. Philom. Paris, ser. 9, vol. viii (1906) p. 275. 
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Crocodilian remains, and Ampullaria; and also in Bed 24 ina 
greenish-grey clay or marl. 

Localities.—Kachuku (Beds 16, 19, & 24); Nira (Bed 24); 
South Nira (Bed 24). 

Terrestrial Forms. 

Family Pomarrip2. 

TROPIDOPHORA NYASANA (H. A. Smith). (Pl. XXX, fig. 14.) 
Pomatias nyasanus FE. A. Smith, Proc. Zool. Soc. London, 1899, p. 591 & pl. xxxv, 

fig. 5 
pipet nyasana W. Kobelt, Abhandl. Senckenberg. Naturf. Gesellsch. vol. xxxii 

Tropidophora nyesena R. B. Newton, Q. J. G.S. vol. Ixvi (1910) p. 242 & pl. xviii, 
gs. 8- 

Remarks.—The specimen here referred to differs only from the 
type in possessing fewer spiral costz, a variation which may be 
found to exist when one is dealing with several specimens. Such is 
really the case in connexion with some Quaternary forms of the 
species from Nyasaland, which show well-separated and equi- 
distantly arranged costz. The species itself is not only related to 
Cyclostoma insulare of Pfeiffer from Natal, as pointed out by 
Mr. EH. A. Smith; but there appear to be also some close affinities 
with C. letourneuxit Bourguignat and E. von Martens’s variety of 
the same, stwhlianni, as well as with C. delmarest Ancey, all of 
which have been well figured by E. von Martens in his ‘ Beschalte 
Weichthiere—Deutsch-Ost-Afrika’ [Mébius] 1898, vol. iv, pl. i, 
figs. 1, 2, & 5, pp. 4-6. Dr. Kobelt has recognized this species 
under the genus Ligatella of E. von Martens, the type of which is 
Miiller’s Cyclostoma ligatwm, a smooth shell. Those shells there- 
fore, like that now under discussion, possess a prominently spiral 
ornamentation (not present, however, on the two earliest whorls, 
which are smooth as in recent examples of the species), and should 
more accurately be regarded as belonging to Troschel’s Tropidophora 
of 1847, the type of which is the Cyclostoma cuviertanum Petit.! 

Distribution.—The species has been recorded from late post- 
Pliocene deposits near Lake Nyasa, being also found living on the 
Nyasa plateau at Zomba. Only related forms [previously men- 
tioned] are known as existing in the Victoria Nyanza region. 

Occurrence.—From Bed 8, associated with Limicolaria sp. 
and Cerastus sp. 

Locality.—Kikongo. 

Family AcHATINID®. 

ACHATINA sp. indet. (Pl. XXX, fig. 12.) 

Remarks.—This genus is represented in the collection by a 
summit fragment only, which has a height and diameter of 14 and 
10 millimetres respectively. It is of short conical form, and 
composed of five rather plano-convex whorls, including a smooth, 

1 Zeitschr. Malakozool. [Menke & Pfeiffer] 1847, p. 44. 

a ee 

Riise ce ee 



a ae ee ae 

Vol. 70.]| REMAINS FROM THE VICTORIA NYANZA REGION. 195 

rounded, and obtuse apical region. ‘There are some partly-preserved 
remnants of ornamentation, which appear to be quite characteristic 
of the genus, exhibiting a series of closely-set, irregular, and 
longitudinally-oblique costulations. It is probable that this fossil 
belonged to a species like A. panthera of Férussac, the well- 
known East African (Mombasa, ete.) shell, which might have had 
dimensions such as 120 by 60 millimetres. 
Occurrence.—The specimen is of solid limestone, and much 

mineralized at the base; it was obtained from ‘pale green-grey 
clay’ in Bed 24, accompanying opercula of Ampullaria. 

Locality.—Kachuku. 

Burtoa cf. ntnotica (Pfetffer). (Pl. XXX, fig. 13.) 

Bulimus niloticus Pfeiffer, Proc. Zool. Soc. London, 1861, p. 24 (not figured). 
yes tegiyy nilotica Pfeiffer, ‘ Novitates Concholog.’ vol. iv (1870} pl. cx, figs. 1-3 

Mesersne sitobice Jickeli, Nova Acta Acad. Ces. Leop.-Car. vol. xxxvii (1874) 

a anoles Bourguignat, ‘ Moll. Afrique Equator.’ 1889, p. 89; E. A. Smith, 
Proc. Malac. Soc. London, vol. i (1895) p. 323. 

Livinhacia nilotica E. von Martens, ‘ Beschalte Weichthiere Ost-Afrikas—Deutsch- 
Ost-Afrika’ (K. Mobius) vol. iv (1898) text-figures, pp. 94-98; W. Kobelt, 
Abhandl. Senckenberg. Naturf. Gesellsch. vol. xxxii (1909) p. 69. 

Remarks.—The specimen referred to this form is supposed to 
represent the summit portion of an individual that may have 
originally been 80 or more millimetres long. It is of helicoid 
appearance, and consists of four whorls which are steep and of plano- 
convex character; the apical region is smooth and obtuse, while the 
later whorls are ornamented with closely-set oblique costulations 
of rather irregular and wavy design, crossed by obscure spiral 
striations. An obtuse medio-angulation surrounds the base, which 
would form the junction of the succeeding whorl. The suture-line 
is well impressed, but slightly interrupted by the thickened ends of 
the costulations. The specimen is quite robust and solid, except at 
the basal surface, where the shell-structure becomes extremely thin 
and delicate, a feature most probably caused through protection by 
the covering of the next volution. No remains of the periostracum 
are preserved. : 
Dimensions in millimetres: length =16; diameter =15. 
From its obtuse apical region and the peculiar characters of the 

sculpture, there is a great probability that the fossil belonged to a 
large Achatinoid shell, similar to Burtoa nilotica, a well-known 
species of Equatorial Africa, as has been suggested to the writer 
by Mr. E. A. Smith. It was this molluse that Pfeiffer originally 
described and figured under Bulimus and Limicolaria respectively, 
and it was subsequently selected by Bourguignat as the type of his 
genus Burtoa,| a name which has about a month’s priority of 
H. Crosse’s genus Livinhacia, founded on the same type.” 
Distribution.—Burtoa nilotica lives near the sources of the 

White Nile; as also in the region of the Victoria Nyanza, the 

1 ‘Moll. Afrique Equator.’ 1889, pp. 88, 89. 
2 Journ. Conehyl. vol. xxxvii (1889) p. 105. 
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coasts of Tanganyika, and in the country off the southern end of 
Lake Nyasa.} 
Occurrence.—At the basal fracture of the specimen the rock — 

is observed to be a light-coloured, minutely-perforated, calcareous 
sandstone. It was obtained from Bed 21 in association with 

Lanistes and Chelonian remains. 

Locality.—Kachuku. . 

LrMicorsrta sp. indet. (Pl. XXX, fig. 17.) 

Remarks.—The collection contains two fragmentary examples 
of this genus, belonging to different individuals. One consists of 
a matrix-cast in which the four latest whorls have alone been 
preserved. This fossil, measuring 35 by 20 millimetres, is of 
oblong conico-turreted contour, and originally consisted of about 
seven ‘volutions, the last being nearly three times the height of the 
penultimate; the presence of an elongate suboval aperture with a 
centrally-excavated columellar margin may also be noted. The 
second specimen represents a. summit-region composed of five 
volutions, and measures 11 by 9 millimetres. It is furnished with 
a round, depressed, and smooth apex, the succeeding whorl being 
also smooth, while the third and fourth whorls are relatively deep, 
compressed, and ornamented with numerous microscopical, fine, and 
‘slightly oblique striations; the basal whorl is compressed and 
sloping above, carinated at the centre, moderately inflated below, 
and has an obliquely striated surface like the previous whorls, but 
smooth below the carination; aperture oval (fractured) and of 
‘small size. 

The relationships of such fragmentary specimens are, of course, 
<lifficult to trace, although they would appear to be, with Limé- 
colaria smithi Preston? a species of rather frequent occurrence on 
the plateau areas that border the Victoria Nyanza, Dr. Oswald 
having collected some recent specimens at Kisii. 

Occurrence.—The summit-fragment was found in Bed 8, 
associated with Tropidophora nyasana and Cerastus sp.; the larger 
‘specimen came from Bed 31, accompanying Dinotherium and other 
vertebrates. 

Localities.—Nira (Bed 31) ; Kikongo (Bed 8). 

Family BULIMINID ®. 

ERASTUS cf. MELLENDORFFI Kobelt. (Pl. XXX, figs. 15 & 16.) 
Cerastus mellendorffi Kobelt, Abhandl. Senckenberg. Naturf. Gesellsch. vol. xxxii 

(1909) pp. 15, 64 & pl. iii, figs. 11-15. 

Remarks.—The collection includes a fairly good matrix-cast of 
a form of Buliminide which belongs undoubtedly to the genus 
Cerastus of Albers (type = Buliminus distans Pfeiffer), and 
showing, moreover, certain resemblances to C. mallendorffi from 
Shoa and Somaliland (East Africa). The specimen is small, of 

1 EK. A. Smith, Proc. Zool. Soc. London, 1893, p. 634. 
2 Proc. Malac. Soc. London, vol. vii (1906) p. 89 & text-figure. 
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elongately conoidal form, and furnished with about six and a half 
whorls, the last being inflated and nearly double the length of the 
spire, whereas the spiral volutions are of plano-convex character. 
The aperture is suboval and of moderate proportions ; it possesses 
a rounded outer lip, an inner lip with a central indentation, from 
which proceeds a straight columella having behind a well-pro- 
nounced semicircular umbilical region. Whorls obliquely costulated. 
Dimensions in millimetres :— 

Aperture. 
Length =15. Length=7. 
Diameter=10. Width =5. 

In general contour, in the character of the basal cavity, the 
presence of the straight and prominent columella, and the costu- 
lated sculpture (obscurely preserved on the dorsal surface of the 
penultimate whorl), the specimen corresponds with the features of 
this species. 

Distribution.—Dr. Kobelt quotes Shoa in Abyssinia and 
Somaliland as areas where his species occurs. 
Occurrence.—The specimen came from Bed 31 in the ‘ upper 

gravel zone,’ and ‘close to the Dinotherium jaw and other large 
bones.’ It is of a light-coloured marly appearance, with blackish 
mottling. 

Locality.—Kachuku. 

CERASTUS sp. indet. 

Remarks.—This specimen, with dimensions of 10 by 8 milli- 
metres, is of small conical shape, made up of five depressed whorls, 
which are nearly in the same plane. The whorls are ornamented 
with a regular series of elevated and oblique costulations. 
Mr. E. A. Smith is of opinion that this fragment represents the 
summit-region of a shell like that characteristic of the genus 
Cerastus, which is probably its true interpretation, although it 
is quite impossible to suggest any particular species with which to 
associate the specimen. : 
Occurrence.—From Bed 8, associated with Tropidophora 

nyasana and Limicolaria sp. 
Locality.—Kikongo. 

EXPLANATION OF PLATE XXX. 

(All the specimens are in the British Museum (Natural History). ] 

AMPULLARIA OVATA Olivier. (See p. 189.) 

Fig. 1. Dorsal view of the largest specimen (natural cast). Nira (Bed 14). 
2. Dorsal view of a medium-sized specimen, with the shell preserved. 

Nira (Bed 31). 
3. Internal surface of a large isolated operculum, regarded as belonging 

to this species. 
4, External view of the same specimen. Nira (Bed 14). 

LANISTES CARINATUS (Olivier). (See p. 190.) 

Fig. 5. Front view of large natural cast. Nira (Bed 14). 
Figs. 6 & 7. Two views of a smaller example with the shell preserved, and 

showing obscure spiral angulations. Nira (Bed 32). 
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CLEOPATRA EXARATA (E. von Martens). (See p. 193.) 

Fig. 8. Front view of well-preserved testaceous specimen. 
9. Magnified view of the same, showing the early ornamentation of 

the spire. Kachuku (Bed 19). 

CLEOPATRA BULIMOIDES (Olivier). (See p. 192.) 

Fig. 10. Front view of specimen. >= 
11. Magnified view of the same, showing spiral sculpture on the nuclear 

whorls. Nira (Bed 32). 

ACHATINA sp. indet. (See p. 194.) 

Fig. 12. Summit-fragment of individual with remains of sculpture striations. 
Kachuku (Bed 24). 

Burtoa cf. NILoTICcA (Pfeiffer). (See p. 195.) 

Fig. 13. View of a well-preserved summit showing a smooth saad obtuse 
apex, the later whorls being ornamented with oblique costulations. 
Kachuku (Bed 21). . 

TROPIDOPHORA NYASANA (HE. A. Smith). (See p. 194.) 

Fig. 14. Front view of specimen, showing the rounded aperture and charac- 
teristic sculpture of the species. Kikongo (Bed 8). 

CERASTUS cf. MELLENDORFFI Kobelt. (See p. 196.) 

Fig. 15. Front view of example showing aperture, etc. 
16. Magnification of sculpture, obscurely preserved in the same specimen. 

Kachuku (Bed 31). 

LIMICOLARIA sp. indet. (See p. 196.). 

Fig. 17. Front view of a fragmentary specimen showing the excavated colu- 
mella. Kachuku (Bed 31). 

Discussion. 

Dr. A. SmirH Woopwarp remarked on the interest of the 
Author’s demonstration of the great antiquity of the Victoria 
Nyanza. The persistence of the species of non-marine mollusca 
since Lower Miocene times was especially noteworthy, even if their 
distribution had slightly changed. 

The PrestpEnt (Dr. A. StRanHAN) observed some reluctance on 
the part of the Fellows to discuss a region which so few had been 
able to visit, but he had been much impressed by the thoroughness 
of the work carried out by the Author in various branches of 
geology, and by the completeness with which he had illustrated the 
ground by photographs taken under circumstances of exceptional 
difficulty. 

The AuTHoR hoped that his work on the eastern coast of the 
Victoria Nyanza might result in a search being instituted for 
similar Miocene deposits at the mouths of the other large rivers — 
entering the lake; and he expressed his thanks to the President 
and to Dr. A. 8S. Woodward for their remarks, as also to the Fellows 
of the Society for their kind reception of his paper. 
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I. Intropvucrion. 

THE area dealt with in this paper comprises the western slopes of 
the Pennines from Boulsworth Hill to Blackstone Edge, together 
with the western offshoot from them, which separates the basin 
of the Ribble from that of the Mersey. 

Although the treatment of the distribution of the Drift is 
| regarded as the primary object of the paper, I also intend to 

examine the whole Glacial history of the district, in order that it 
may be viewed in relation to the larger problem of the glaciation 
of the Irish-Sea basin. 
A brief outline of some of my conclusions was presented to 

the Southport meeting of the British Association in 1903. 

| 

; 
IJ. Tue Guactat Deposits. 

(a) General Appearance and ‘Texture. 

‘ The chief characteristic of the Glacial deposits—or, as they are 
usually termed, the Drift—of this region is their variability. 
Lenticular beds of sand and gravel alternate with clay, which 
generally includes boulders of different sizes. Frequently, several 
of these varieties of Drift occur together in the same section. By 
far the greater number of exposures, especially in the uplands, are of 
Boulder Clay, which consists of rounded, smoothed, and scratched 
stones enclosed without orderly arrangement in a matrix of clay, 
generally with an admixture of more or less sand. 

The texture of the Drift has had considerable influence upon the 
Q.J.G.S. No. 278. P 
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extent to which it has been altered by the action of the weather 
since its deposition. Tough blue clay, being impervious, weathers 
to yellow clay for only a little distance below the surface, whereas 
a sandy clay may be yellow down to 3 or 4 feet or more. On 
the moorland, the weathered portion of the Drift is usually white 
or greyish white, owing to the removal of the iron-oxides by the 
peaty acids in the percolating water. 

The texture of the Drift, by determiming the extent to which 
rainwater can percolate through it, has had an important influence 
upon the apparent distribution of limestone boulders. In nearly 
every good section of tough impervious Boulder Clay, smoothed 
and striated Carboniferous Limestone boulders abound, accompanied 
by angular fragments of Carboniferous chert. In porous Drift 
and in the weathered portions of Boulder Clay near the surface, 
limestone-boulders are generally absent, but chert is almost always 
present. Thus, because of its insolubility and its wide dissem1- 
nation, chert has proved of great value to the investigator in 
working out the distribution of the Drift, when the limestone, which 
was also present originally, has been removed by solution. 

(6) Constituent Materials. 

Most of the materials of which the Drift is composed are such as 
may be derived either from the rocks below or from those which 
are, broadly speaking, immediately on the north or west of the 
deposit. A variable, but generally very small, proportion of the 
materials does not occur as solid rock within the drainage-area in 
question. Moreover, in the lowlands the Drift is of a more 
generalized type, being less dependent upon the nature of the solid _ 
rock upon which it rests, and having its matrix more thoroughly 
ground up than in the uplands, where it includes a greater proportion 
of local material and approximates more to ordinary rock-waste, the 
nearer one approaches the upper limit of its distribution. . 
The matrix of the Boulder Clay, consisting as it does almost 

entirely of locally-derived material, varies in colour from chocolate- 
brown and red, where the New Red Sandstone rocks occur, to blue- 
black where Coal-Measure shales crop out. Numerous sections may 
be seen where soft rocks pass almost imperceptibly upwards into 
Drift—the only changes noticeable being the gradual destruction 
of their stratification, and the presence of occasional boulders of 
some other rocks which have been ploughed into them. 

But for the exceptional occurrence of erratics of large size, the — 
biggest boulders in the Drift consist of local rocks, the far --travelled 
stones being usually smaller, more rounded, and more frequently 
striated. Well-striated fragments of black shee and even coal are, 
however, by no means of rare occurrence. 

Three well-marked types of Drift may be distinguished 
by the boulders which they contain. 

The most abundant boulders derived from local rocks are coarse 
and fine sandstone, shale, coal, and ironstone from the Millstone 
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Grit and Coal Measures. In a few localities, the sandstone, shale, 
and impure limestone of the Pendleside Series crop out. Where 
the Drift contains boulders of the above-mentioned rocks only, it 
will be termed Local Drift. 

When, in addition to the above, boulders of Carboniferous Lime- 
stone and chert, and Silurian grit- and slate, doubtless chiefly 
derived from the exposures of such rocks in Ribblesdale and the 
adjoining parts of the Pennines, occur in the Drift, it will be 
alluded to as Ribblesdale Drift. 

In the most complex type,! many rocks from the Lake District 
and some from the South of Scotland occur, together with any or 
all of the varieties already mentioned ; this type “will be termed the 
North-Western Drift. 

It should be understood that each of these three types may 
include Drift of varying texture. 

(c) The Distribution of the Three Types of Drift. 

--< Mr. R. H. Tiddeman 2 first pointed out that in Ribblesdale a 
boundary might be drawn between the ‘ Lake-country drift’ and 
the ‘local drift,’ which is here termed the Ribblesdale Drift. 

As the boundaries between the three types of Drift in this part 
of Lancashire occur for the most part on high moorland that is 
intersected by many natural and artificial watercourses, it has been 
found possible to trace them with considerable precision, and on the 
accompanying map (Pl. XX XIII) they are indicated as reduced 
from maps on the scale of 6 inches to the mile. The map also 
summarizes a great many records of boulders and Drift sections 
throughout the area. The method adopted has been to examine the 
superficial deposits wherever they are exposed, especially the 
continuous sections in the gently-sloping channels that have been 
cut in order to drain the moors. Following such a section up hill, 
one commonly finds the erratics becoming continuously less 
abundant until perhaps only two or three occur in a distance of 
50 yards, and, farther up the stream, they cease altogether. The 
general appearance of the Drift, however, remains unaltered in other 
respects for some considerable distance. Thus, Ribblesdale Drift or 

1 The following list of boulders obtained in Wellington Road, Bury, is given 
as an example of the variety of rocks that may be found in a single section 
of North-Western Drift:—Grey granite, probably from Criffel (Scotland). 
Granites from Shap (Westmorland), found by Mr. H. B. Maufe, and Eskdale 
(Cumberland). Hornblende-syenite. Granophyre from Buttermere and 
Ennerdale. Three distinct types of quartz-porphyry. Pink, white, and green 
varieties of rhyolite. Many types of andesite, one much sheared. Yewdale 
andesitic breccia. Chalk flints. Limestone breccia with red matrix; probably 
Brockram. Silurian grit, probably from the Northern Pennines. Greywacke 
grit, probably from the South of Scotland. Quartzite. Vein-quartz with 
hematite. Carboniferous Limestone with Lithostrotion and encrinites. Chert 
full of casts of large encrinites ; banded chert. Millstone Grit. Coal-Measure 
sandstone and shale; Gannister ; coal. 

2 «On the Evidence for the Ice-Sheet in North Lancashire, &c.’ Q. J. G.S. 
vol. xxviii (1872) p. 485. 
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North-Western Drift may be seen to pass into Local Drift, the only 
indication of change being the disappearance of fragments of chert 
and Silurian grit, or of igneous rocks, as the case may be. The 
boundary between the Ribblesdale and the North-Western Drifts 
may be similarly traced by the absence or presence of boulders of 
gneous rocks. 
Sometimes, instead of the proportion of erratics diminishing 

gradually towards the limit of their distribution, they are parti- 
cularly abundant immediately below it, and then suddenly disappear 
from the Drift. 

It is obvious that whatever vicissitudes the transporting agents 
of the Drift may have undergone, the distribution of its three types, 
as ascertained by the method outlined above, will represent only the 
last phase of their action. Certain anomalies, however, in the 
facts of distribution provide us with an occasional glimpse of 
changes which occurred during the deposition of the Drift prior to 
the last phase. In order to avoid repetition these will be dealt 
with in a later section of this paper.! 
We are not, however, without direct evidence from the Drift 

itself of alternation in the conditions under which it was distributed. 
Prof. P. F. Kendall has described? sections at Whalley, m which 
layers of Ribblesdale and North-Western Drift interdigitate one 
with the other without any mingling of the contents of the 
different layers. Moreover, in several parts of the Irwell basin, 
thick masses of Ribblesdale Drift, sometimes contaiming an 
occasional boulder of the north-western type, are overlain by typical 
North-Western Drift with an abundance of fragments of igneous 
rock. Such instances of the overlap of different types appear, 
however, to be confined to comparatively low ground, where the 
Drift has accumulated to a considerable thickness. On the higher 
ground, where the Drift is thinner, mixing could more easily take 
place. 

(i) The distribution of the Ribblesdale Drift—North 
of Boulsworth Hill, the extreme margin of the Ribblesdale Drift 
crosses the Pennines into Airedale (Yorkshire).2 The highest 
altitude to which it has been traced is about 1550 feet above O.D. 
on the south-west of Boulsworth Hill. Owing to lack of good 
exposures, the limit has not been exactly determined, although 
it may be somewhat higher in this locality. The summit of 
Boulsworth (1700 feet) is driftless.* 

South of Boulsworth Hill, the Ribblesdale-Drift limit falls, but 
is traceable up to 1425 feet on the north-east of the Widdop gap, 

1 § IV, pp. 209-12. 
2 See H. Carvill Lewis, ‘ Glacial Geology of Great Britain, &e.’ 1894, 

pp. 415-16. 
3 A. Jowett & H. B. Maufe, ‘Glaciation of the Bradford & Keighley District’ 

Proc. Yorks. Geol. Soc. n. s. vol. xv (1904-1905) p. 212. 
4 W. Gunn, ‘Geology of the Burnley Coalfield’ Mem. Geol. Surv. 1875, 

p. 187, & footnote 2, p. 128. 
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through which it passes into Yorkshire. Good sections of Ribbles- 
dale Drift, with striated boulders, occur on the slopes of the Widdop 
valley for at least a mile south-east of the Pennine watershed at 
Widdop Cross. According to the late James Spencer,! limestone 
boulders crossed by this route into Yorkshire, and were scattered 
over the moorlands down to Wadsworth Moor, nearly 3 miles 
farther east. 

Ribblesdale Drift also extends continuously across the Pennine 
watershed at the Gorple gap, reaching limits of 1510 feet above 
O.D. on the hill to the north, and on Black Hameldon to the south 
of the gap. Excellent sections in the same Drift may be seen for 
half a mile across the Pennine divide on the north-eastern slopes 
of Black Hameldon, but the Drift appears to be thinning out 
eastwards. South of Black Hameldon, the Ribblesdale- Drift limit 
falls rapidly towards the northern edge of the Cliviger gorge, 
although on the high ground the Drift forms a thick cover extending 
for nearly 2 miles to the south-east of the watershed between the 
basins of the Lancashire and Yorkshire Calders. The sides of 
the gorge are very steep, and landslips and talus have removed or 
obscured whatever traces of Drift may have originally existed ; but 
limestone-boulders have been recorded? from 18 feet below the floor 
of the valley at Lineholme, a mile north-west of Todmorden. Blue 
¢lay, with chert and big boulders of grit and Gannister, occurs at 
Hare Hill, over half a mile nearer Todmorden, at 475 feet above 
O.D. and about 50 feet above the floor of the valley. 

On Lower Moor, south of the Cliviger gorge, the limit of the 
Ribblesdale Drift extends to within less than 2 miles of Todmorden. 
Its altitude increases westwards to over 1350 feet, diminishing 
farther west to below 1325 feet, where it crosses the watershed 
between the basins of the Yorkshire Calder and the Upper Irwell. 
The Drift-limit does not extend far down the Upper Irwell Valley, 

terminating about a mile north of Bacup; although in the floor of 
the valley it may continue a little farther south, under a more 

recent deposit of gravel and silt. It then crosses the watershed 
westwards into the Whitewell Brook valley, turning southwards and 
attaining an altitude of nearly 1300 feet on a westward projecting 
spur. Farther south its altitude decreases to below 1100 feet north 
of Stacksteads, where it is crossed abruptly by the northern 
boundary of the North-Western Drift in the Irwell Valley. The 
rest of the boundary between the Ribblesdale and the Local Drifts 
has been obliterated by the deposition of the North-Western Drift. 

Within the extreme limit indicated above, the Ribblesdale Drift, 
on the whole, increases in abundance as one proceeds from its 
margin towards its source. It is génerally thin on the ridges of 
solid rock, but has accumulated in the hollows except where sub- 
sequently removed by stream-action. Thus, it is quite abundant in 
the upper portion of Green’s Clough, 3 miles west-north-west of 

1 «Erratics of the Calder Valley ’ Halifax Naturalist, vol. i (1896) p. 48. 
2 Ibid. loc. cit. 
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Todmorden, forming mounds of Boulder Clay full of scratched. 
stones; whereas, on the highest parts of the ridge, from Heald 
Moor to Deerplay Hill, it is very thin and (in places) practically 
absent. On the slope immediately south-west of this ridge it 
becomes much more abundant!; but, when traced farther south- 
westwards towards its limit in the Upper Irwell Valley, it again 
diminishes in quantity. Moreover, wherever the crest of the ridge 
is slightly lower, a greater accumulation of Drift is found south of 
the depression. It would appear, therefore, that this ridge, which 
attains altitudes of 1419 feet on Heald Moor, 1474 feet on Thieveley 
‘Beacon, and 1429 feet on Deerplay Hill, was not far below the 
limit of the distribution of the Ribblesdale Drift. 

West of Deerplay Hill, at the head of the Whitewell-Brook 
valley, a wide gap occurs in the ridge, which sinks in altitude 
to 1170 feet. Ribblesdale Drift is abundant in this gap,? and in 
the northern part of the valley on the south it forms morainic 
mounds. The high ground west of the head of the Whitewell- 
Brook valley, though nowhere attaining an altitude greater than 
1274 feet, has an extremely thin covering of Drift; but, at the 
head of the Limy-Water valley farther west, great mounds of 
Drift 3 packed with scratched limestone-boulders occur. Boulders 
of the Ribblesdale type are also extremely abundant in the Drift 
south-east of Accrington, in the lower parts of the Limy- Water, 
Whitewell-Brook and Upper Irwell valleys, and also in the main 
Irwell Valley south of Haslingden and Rawtenstall. 

C. E. De Rance * described Drift with erratics, resting upon Till 
with limestone and other rocks from the Bolland district at 
Brinseall. 

These facts indicate that, but for the masking effect of the 
North-Western Drift, the Ribblesdale Drift would cover a much 
wider area than that to which it is now restricted. 

(i) The distribution of the North-Western Drift.—The 
North-Western Drift covers so extensive an area that it will be 
more convenient to treat of its distribution in sections, as follows: 
~(1) From Great Hameldon eastwards.’ —The North- - 
Western Drift extends up the western and northern slopes of Great 
Hameldon, and a single boulder of Lake-District rock has been 
found on the top (1348 feet); but only Ribblesdale Drift occurs. 

1 Mr. H. Bolton, in his ‘ Geology of Rossendale’ 1890, p. 151, states that. — 
‘a good thickness of Boulder Clay has been traced over Heald ‘Moor at an 
altitude of 1419 feet.’ 

2 J. Aitken, ‘On Drift Deposits on the Western Pennine Slopes, &c.’ Trans. 
Manch. Geol. Soc, vol. xiv (1876-78) p. 51. 

3 J. Kerr, ‘ Traces of Glacial Phenomena i in the Valley of the Irwell & its 
Tributaries in Rossendale’ ibid. vol. x (1870-71) p. 116. 

+ “The Superficial Geology of the Country adjoining the Coasts of South- 
West Lancashire’ Mem. Geol. Surv. 1877, p 

5 T,. T. Wilkinson, ‘ Drift Deposits near Bumley ° Trans. Manch. Geol. Soc, 
vol. iv (1863-64) p. 110; and E. Hull, ‘Geology of the Burnley Coalfield 
Mem. Geol. Surv. 1875, p. 132. 
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on the lower ground south-east of the hill. Good sections in the 
North-Western Drift occur on the northern, and in Ribblesdale 
Drift on the southern, slopes of the ridge east of Great Hameldon 
almost up to its crest, which, for about a mile, clearly marks the 
boundary between the two types. Farther east, the limit of the 
North-Western Drift falls until reaching the gap at the head of 
the Limy- Water valley, through which it passes. Small boulders 
of igneous rocks are found sparingly among the Drift in the upper 
part of the Limy-Water valley up to about 925 feet, above which 
Ribblesdale Drift only occurs. 

Along the hillside south of Burnley, Lake-District rocks are 
quite abundant near the limit of their distribution, which falls 
gradually eastwards and then rapidly south-eastwards towards the 
entrance to the Cliviger gorge. _ A clear boundary has been traced 
along the western slopes of the Pennines south-east and east of 
Burnley, at altitudes up to 1050 feet O.D.; other records! serve 
to continue it north-eastwards, until it crosses the Pennines into 
Airedale. 

(2) From Great Hameldon to the Walsden gorge.— 
Immediately south of Great Hameldon, the Drift includes a few 
scattered boulders of Lake District rocks, which for nearly 2 miles 
are found only on the west of the ridge from Great Hameldon to 
Cribden, the ridge itself and its eastern slopes being covered by 
Ribblesdale Drift. Farther south i igneous rocks are found across the 
ridge, and become increasingly numerous along it—many occurring 
around Cribden,? and a few on its summit (1317 feet above O.D. ). 

South of Cribden the Irwell Valley extends eastwards towards 
Bacup, and the North-Western Drift is abundant? all the way, 
rising to high altitudes on the north, east, and south of the 
Rossendale basin. On the ridge east of the Limy-Water valley, it 
reaches a northern limit at 1075 feet above O.D., towards which the 
Lake-District boulders diminish in number and in size. Farther 
north this ridge is scantily covered by Ribblesdale Drift. 

South-west of the high ground east of the Whitewell-Brook 
valley, the North-Western Drift does not extend so far northwards, 
nor does it attain so great an altitude as farther east on the hill- 
slopes around Bacup. Moreover, from this point, the Ribblesdale 
and North-Western Drifts are no longer in contact, the latter 
extending beyond the area occupied by the former, and passing at 
high levels into Local Drift. 

1 A, Wilmore, Trans. Burnley Lit. & Sci. Soc. vol. xv (pub. 1900) p. 58; «d. 
‘Glacial Geology of Colne & District’ Proc. Colne Lit. Sci. Soc. 1908, p. 17; 
and A. Jowett & H. B. Maufe, Proc. Yorks. Geol. Soc. n.s. vol. xv (1904-1905) 
p. 200. 

2 J. Aitken, ‘On the Occurrence of High-Level Drift in the Neighbourhood 
of Bacup’ Trans. Manch. Geol. Soe. vol. xiii (1874-76) p. 137. 

3 J. Aitken, Trans. Manch. Geol. Soc. vol. xiii (1874-76) pp. 134, 137; 
J. Kerr, ibid. vol. x (1870- 71) p- 117; H. Bolton, ‘Geology of Rossendale ’ 
1890, pp. 139-52; and id., ‘On the Finding of Marine Shells in the Boulder 
Clay of Bacup’ Trans. Manch. Geol. Soc. vol. xxi (1892) p. 574. 
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_ + Along the south side of the Irwell Valley, from Rawtenstall to 
Bacup, the limit of the North-Western Drift can be traced con- 
tinuously ; and, precisely as on the north of the valley, after falling 
at first, it again reaches higher altitudes farther east. 

Near Rawtenstall, the Irwell bends south-westwards and then 
southwards, flowing through a deep narrow valley that opens out 
upon the South Lancashire plain at Bury. In this valley the 
North-Western Drift is very abundant, reaching a limit which, on 
the whole, becomes gradually lower southwards until it makes a 
sudden bend towards the east, passing along the southern slopes of 
the Rossendale highland, where it attains a much higher altitude. 
Lake-District rocks occur near the top of Knowl Hill (over 
1350 feet), and reach a limit on the moorland farther_north at 
about 1325 feet above O.D. On the next southward projecting 
spur farther east, two boulders of andesite were found at an 
altitude of about 1385 feet. From this point the North-Western 
Drift-limit turns north-eastwards and then northwards to rejoin 
that in the Irwell Valley south of Bacup, gradually diminishing in 
altitude northwards. <A similarly northward decrease in altitude 
of the limit of the North-Western Drift may be traced on the 
high moorland north-east of the Whitworth valley. Reaching a 
maximum of over 1400 feet north-east of Whitworth, it falls to 
1240 feet on the watershed between the Whitworth and the Upper 
Irwell valleys, and to 1160 feet east of Bacup. It is noteworthy 
that boulders of igneous rocks (particularly Buttermere granophyre) 
are very abundant and of large size in the Whitworth valley! 
up to and just over the watershed to the north, and also oceur high 
up towards the Drift-boundary in the Upper Irwell Valley, whereas 
they are smaller and less numerous in the Drift on the lower slopes 
of the Upper Irwell Valley. On the other hand, there is a greater 
admixture of boulders of the Ribblesdale type in the Drift of the 
Irwell Valley and a paucity of such boulders in the upper part of 
the Whitworth valley. ‘Thus one can hardly escape the conclusion 
that the North-Western Drift of the Whitworth valley and of the 
higher parts of the Upper Irwell Valley differs markedly in its 
boulder contents from the North-Western Drift of the Upper Irwell 
Valley at lower levels, the latter being similar to that in the Irwell 
Valley farther w-st. In fact, a band of mixed North-Western and 
Ribblesdale Drift might be mapped in the valley of the Irwell and 
its tributaries from near Accrington to Bacup and Bury, but for 
the impossibility of drawing a definite boundary on the west and 
south, in which directions the mixed type, so rich in Ribblesdale 
Drift, passes insensibly into the true North-Western Drift. 

After crossing the watershed east of the Whitworth valley at 
about 1400 feet above O.D., the North-Western Drift-limit falls 
eastwards towards the southern entrance of the Walsden gorge, 
terminating on the gentler slopes at the brink of the gorge, a 

1 §. S. Platt, ‘Some of the Recent Results of the Investigations into Local 
Erratic Blocks’ Trans. Rochdale Lit. Sci. Soe. 1892. ; 
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quarter of a mile north of the actual watershed between the Irwell 
and Calder basins, at an altitude of 925 feet above O.D. 

Along the western slopes of the Pennines, the limit of the North- 
Western Drift attains a maximum altitude of 1875 feet west of 
Blackstone Edge, and falls northwards and north-westwards to the 
eastern edge of the Walsden gorge! The way in which the limits 
of the North-Western Drift terminate opposite to each other on 
the gentler slopes above the gorge is very striking, especially as 
nowhere in the whole area can the passage of North-Western into 
Local Drift be more clearly demonstrated than in this neigh- 
bourhood, the erratics being numerous and of moderate size close to 
the limit of their distribution. : 

Boulders of igneous rocks have been recorded from several 
localities in the Walsden gorge, as far as Todmorden and all down 
the Calder Valley ?; but the deposit of tough blue clay with big 
striated boulders of the North-Western type found at Millwood 
(Todmorden gasworks) is of greatest significance 3 for our purpose. 

[My own mapping of the Drift was not carried more than a mile 
or two south of Blackstone edge. The following statement by the 
late C. E. De Rance with reference to the district farther south 
has an umportant bearing upon the general problem :— 
‘Fragments of sea-shells [occur] up to 1280 feet and granites from the South- 
West of Scotland and 7-foot boulders of andesites from the Lake District at 
1330 feet. Westward of the Pennine Axis the Glacial Drift rises to [the 
1250-foot contour] or somewhat above it in both Lancashire and Cheshire ; 
eastward, though lower elevations may occur, the Drift is conspicuous by its 
absence.’ (Trans. Manch. Geol. Soc. vol. xxii, 1892-93, p. 51.) | 

(3) Winter Hill—tThe hill-country west * of the Irwell Valley 
is everywhere covered by North-Western Drift, with the exception 
of its highest point, Winter Hill,® north of Bolton. North-Western 
Drift occurs up to over 1460 feet on the north-west of this hill, 
and its maximum altitude diminishes on both sides of the hill 
towards the south-east, where it extends only to about 1300 feet 
above O.D. 

(iti) The distribution of the Local Drift.—It has been 
shown above how the foreign Drift passes insensibly into Drift in 

1 KE. W. Binney, ‘ Additional Notes on the Lancashire Drift Deposits’ Proc. 
Manchester Lit. & Phil. Soc. vol. xi (1872) p. 139 ; R. Law, in report on ‘ Erratic 
Blocks of the British Isles’ Proc. Brit. Assoc. (Liverpool) 1896, p. 371. 

2 J. W. Davis, ‘ Erratic Boulders in the Valley of the Calder’ Proc. Yorks. 
Geol. Soc. vol. vi (1875-79) pp. 93-98; J. Aitken, ‘Drift Deposits on the 
Western Pennine Slopes, &c.’ Trans. Manch. Geol. Soc. vol. xiv (1876-78) 
pp. 51-56; and R. Law & W. Simpson, ‘Report on the Drift Deposits at 
Mytholmroyd’ Proc. Yorks. Geol. Soc. n. s. vol. xiv (1901) pp. 231-36. 

3 J. Spencer, ‘ Halifax Naturalist’ vol. i (1896) pp. 21-25 & 45-49, . 
4 J. Aitken, ‘ An Outlier of Drift-Gravel on Holcombe Hill’ Trans. Manch. 

Geol. Soc. vol. vii (1868) p. 57; ‘High-Level Drift in the Neighbourhood of 
Bacup’ ibid. vol. xiii (1874-76) p. 135. 

* E. Hull, ‘ The Geology of the Country around Bolton-le-Moors (Lanes.)’ 
Mem. Geol. Surv. 1862, p. 29. 
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which only boulders of local rocks occur. As one proceeds farther 
away from the limit up to which erratics occur, the boulders of 
local rocks are less rounded, and cease to include different types: 
the matrix becomes more like a pulverized mass of the solid rock 
immediately below; and so the Local Drift passes gradually into 
ordinary undisturbed subsoil. 

The only region within the scope of this enquiry in which the 
subsoil is clearly undisturbed and Drift entirely absent, lies to the 
south-west of Todmorden. Here the highest parts of the hills and 
their north-eastern slopes appear to be devoid of Drift. 
A considerable Driftless area also occurs east of Boulsworth and 

Black Hameldon. 

ILI. Evinences oF ICE-actTion. 

In addition to the testimony furnished by the Drift with its 
smoothed and striated boulders, and the orderly distribution of its 
erratics, abundant evidence exists in support of the view that there 
was once an ice-sheet in East Lancashire. Except where the 
surface has been disturbed by recent weather and stream-action and 
by landslips, its contours are everywhere rounded and smoothed. 
The Drift varies in thickness, often levelling the surface by filling 
up hollows and accumulating upon the slopes of the hills; but the 
hilltops and outstanding ridges are usually either bare, or have a 
very thin covering of Drift. 

In the larger valleys and upon the plains Drift is abundant, 
frequently presenting characteristic morainic outlines. Numerous 
mounds occur at the Burnley entrance to the Cliviger gorge, some 
of which are composed partly of solid rock and partly of Drift; 
but these are smoothed and rounded, so that only an occasional 
section reveals their composite character. 

The finest series of morainic mounds in the district covers a 
large area on the south of the Rossendale highland, stretching 
from Bolton to Bury, Rochdale, Middleton, and North Manchester. 

Throughout the whole Drift-covered area, the details of the 
present drainage-system are due to the blocking of the pre-existing 
valleys by great mounds of Drift. Lakes were thus produced 
that have been partly converted into alluvial plains, across which 
the present streams meander, and partly drained by way of the 
gorges that have been cut by the streams through the obstructions. 
These gorges are sometimes cut in Drift and sometimes in the 
solid rock, the abundance of potholes and other evidences of 
recent and continuing rapid erosion bearing ample testimony that 
the processes of readjustment are not yet complete. 

The positions of the several striated rock-surfaces! are indicated 

‘1 C. E. De Rance, ‘Superficial Geology of the Country adjoining the Coasts 
of South-West Lancashire’ Mem. Geol. Surv. 1877, p. 47; R. H. Tiddeman, 
Q. J. G. S. vol. xxviii (1872) pp. 489-90; and H. Carvill Lewis, ‘ Glacial 
Geology of Great Britain, &c.’ 1894, p. 269. Mr. H. B. Maufe discovered a 
striated surface at Rowlands, Summerseat (south of Ramsbottom), in 1901 : 
altitude, 450 feet ; direction, north to south. 
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on the map (Pl. XX XIII) by arrows marking the direction of the 
scratches. Their number, is, however, disappointingly small, owing 
to the fact that, where good strie might be expected, the surface 
of the rock is often rubbly and broken into fragments, or the 
Drift-cover has been too thin to protect the rock-surface from 
subsequent denudation by atmospheric agencies. Moreover, the 
area does not appear to have been subjected to vigorous 
elaciation.! 

There are numerous examples of ‘terminal curvature’ due to the 
ploughing action? which goes on at the base ofan ice-sheet. In the 
preparation of a list? of especially good instances of this pheno- 
menon, care has been taken to eliminate sources of error, due to the 
possible effects of landslip and soil-creep, by recording examples in 
which the disturbing influence has clearly acted up hill. It is also 
noteworthy that, although these examples yield no such exact record 
of the direction of ice-movement as can be obtained from clear 
scratches on undisturbed rock, their evidence is never in opposition 
to the rest of the evidence from which the directions of ice- 
movement are inferred, and is therefore of great positive value in 
supporting the latter. 

In close relationship with the evidence derived from striz and 
terminal curvature, is the uplift of boulders of local rocks. Most 
of the hills making up the Rossendale highland are capped by 
Coal-Measure rocks, Millstone Grit cropping out at lower levels 
on the hillsides. The occurrence of boulders of Millstone Grit 
on high ground consisting of Coal-Measure rocks is therefore good 
evidence of uplift by the distributing agent, in some cases to the 
extent of at least 200 feet. 

Further evidence of the existence of an ice-sheet is furnished by 
the succession of valleys, trenching the hillsides parallel with the 
contours and cutting across spur after spur, which can only be 
satisfactorily explained by reference to a fluctuating barrier such 
as an ice-sheet would provide. 

IV. INFERENCES RESPECTING THE ICE-SHEET 

AND ITS MOVEMENTS. 

The evidence already examined points to the general conclusion 
that East Lancashire was invaded by two streams of ice, one 
from Ribblesdale flowing southwards between Pendle and Bouls- 
worth Hills, and a much larger stream flowing south-eastwards, 
passing over the western part of the Rossendale highland, 
inundating the plain on the south of this ridge, and reaching high 
up the western slopes of the Pennines at Blackstone Edge. The 
fusion of these two streams into a great ice-sheet in North 

1 See p. 210. 
2 R. H. Tiddeman, Q. J. G. S. vol. xxviii (1872) pp. 482-83 ; and J. Eccles, 

‘Superficial Curvature of Inclined Strata near Blackburn’ Trans. Manch. 

Geol. Soc. vol. vii (1867-68) p. 20. 
3 See Appendix, p. 227, and the broken arrows on the map (Pl. XX XIII). 
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Lancashire was postulated by Mr. R. H. Tiddeman,! who pointed 
out the diversion of the ice-drainage of the Lune and Ribble basins 
consequent upon the obstruction “of its natural outlet by the ice 
trom the Lake District. The Ribblesdale ice thus had a tendency ~ 
to escape eastwards across the Pennines wherever suitable gaps 
presented themselves; and we find, in addition to the great flow 
of ice into Airedale, north of Boulsworth Hill, small ice-lobes 
crossing the watershed at Widdop and at Gorple and a larger 
stream flowing into Upper Calderdale. It 1s worthy of note that 
there is, broadly speaking, a gradual decrease in height of the 
Drift-limits marked on the map as one proceeds in the direction 
in which the Drift was carried, a fact which is in itself a strong 
argument in support of the glacial origin of the Drift. 
“A detailed examination of the Drift-limits in their relation to 

the surface-features will reveal many illustrations of the general 
principle? that obstacles in the path of an ice-stream tend to 
retard its movement and to limit its extension, the level of the 
ice being usually raised higher in front of an obstacle and depressed 
on its lee side. The best examples occur in the Upper Irwell basin, 
as its hills are high enough never to have been deeply covered, even 
when the ice attained its maximum thickness. The complementary 
principle that deep narrow valleys tend to control and direct the 
movements of the ice within their confines is also well illustrated, 
and for the same reason—although there is good evidence that, 
when the ice was of sufficient thickness, its upper layers moved 
along in the general direction of ice-movement, shearing over the 
more restricted currents below. It is clear, however, that in this 
area we are recording conditions which » hhampered the movements 
of the ice so much that its chief function was deposition, erosion 
being reduced to a minimum. 

The high ground north and north-east of Bacup was crossed by 
the Ribblesdale ice, though apparently never in sufficient quantity 
to give rise to a strong southward-moving stream. Lower gaps, 
however, occur on the west, and through them definite streams 
ot Ribblesdale ice flowed down the Whitewell-Brook and Limy- 
Water valleys. Along with this southward to south-westward flow 
ot the Ribblesdale ice there was a movement of the North-Western 
ice along the valley from Accrington to Burnley, as shown by 
the oradual fall of the North-Western Drift-limit along the steep 
northward slope of the ridge from Great Hameldon eastwards. The 
North-Western ice appears to have crossed this ridge only as a 
small lobe through the gap at the head of the Limy- Water valley, 
though a few boulders of igneous rocks have been found in the 
Ribblesdale Drift in the Whitewell-Brook valley, and a small 
isolated patch of North-Western Drift occurs at 1350 feet above 
0.D. on the watershed between the Whitewell-Brook and yee 
Irwell valleys. 

1-Q. J. G. S. vol. xxviii (1872) p. 487. 
2 Pp. F. Kendall, ‘Supplementary Observations on the Glacier Lakes of 

Cleveland’ Proc. Yorks. Geol. Soc. n. s. vol. xv (1903) p. 43. 
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A consistent explanation of the whole of these facts is by no 
means easy to devise. If we regard the region east of Great 
Hameldon alone, the distribution of the Drift. clearly shows that 
the Ribblesdale ice everywhere extended beyond the extreme 
limits reached by the North-Western ice. Moreover, had the 
North-Western Drift been deposited first, the Ribblesdale ice could 
hardly have passed over it without destroying the North-Western 
Drift boundary, and incorporating within itself a sufficient number 
of north-western boulders for the deposited Drift to be of the north- 
western type. Instead of this, boulders of the north-western type 
are markedly absent from the Ribblesdale Drift. Yet, as already 
urged, the movements of the Ribblesdale ice farther east clearly 
point to the simultaneous existence of a barrier on the west; they 
are certainly not consistent with a complete retreat of the Ribbles- 
dale ice, leaving the North-Western ice in possession of the field 
when it attained its greatest development. These considerations 
have led me to put forward the following hypothesis. 

The Ribblesdale ice advanced first, and spread its drift far 
beyond the present limited area over which it occurs. The North- 
Western ice then pressed up the valley between the Pendle chain 
and the Rossendale highland as an undercurrent, practically not 
mixing with the Ribblesdale ice, which would be raised above it 
after the manner of a laccolite. The isolated portion of North- 
Western Drift mentioned above might have been caught up by the 
Ribblesdale ice, as it sheared over the underlying North-Western 
ice, carried bodily along, and deposited within the area now covered 
by Ribblesdale Drift. The advance of the North-Western ice up 
the valley, by interposing a barrier where the Ribblesdale ice had 
previously been free to move, would so tend to cut off the supply 
of Ribblesdale ice in this locality that, when at its maximum 
extension, the North-Western ice would only have a thin covering 
of Ribblesdale i ice, which would be practically stagnant and would 
leave almost unfettered the movements of the more powerful stream 
from the west. This is suggested by the shape of the North- 
Western Drift-limit, which, especially in the vicinity of Great 
Hameldon, clearly indicates that the Drift was deposited by ice 
pressing in from the north-west. The distribution of the Drift 
suggests that, while the valleys of the Limy Water and Whitewell 
Brook were filled with Ribblesdale ice, the North-Western ice 
pushed over the ridge south of Great Hameldon, and flowed directly 
across the surface of the Ribblesdale ice contained in the two 
valleys, and over the southern portion of the ridge between them. 
The main portion of the same stream of North-Western ice flowed 
eastwards up the Irwell Valley from Rawtenstall to Bacup, its 
surface, as indicated by the margin of the Drift, falling steadily in 
that direction towards the narrowest part of the valley immediately 
east of Waterfoot. South of Rawtenstall, the deep Irwell Valley 
controlled a large southward-flowing stream, the hills on the west 
reducing the pressure from that direction and preventing the 
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North-Western ice from extending very high up the eastern side 
of the valley. 

The South Lancashire and Cheshire plain on the south of the 
Rossendale highland presented no obstacle to the North-Western 
ice, which consequently attained a greater thickness along the 
western slopes of the Pennines here than farther north. 
' Although a great quantity of ice flowed southwards over the 
comparatively-low ground between the Welsh hills and the 
Pennines, the supply was sufficient to maintain a mass of ice over 
1000 feet thick between the Rossendale highland and the Pennines. 
It is also probable that the North-Welsh ice, though never directly 
invading this area, had, by exerting a pressure from the south- 
west, an important indirect effect in raising the level of the 
ice-surface in South Lancashire, and thus assisting a tendency to 
a northward and north-eastward movement. The barrier inter- 
posed by the Rossendale hills and by the ice from the north-west 
had effectively stopped the further progress of the Ribblesdale ice, 
and even the stream of North- Western ice which crossed the western 
portion of the Rossendale highland must have been weakened 
thereby. Thus, at the time of maximum glaciation, there 
was little to oppose the extension of the comparatively-stagnant 
ice between the Rossendale highland and the Pennines towards the — 
north and north-east, and possibly a slight reversal of flow took 
place where the valleys that were occupied by ice opened out upon 
the plain. It would appear, however, that the height attained by 
the composite ice-sheet north of the Rossendale highland was 
greater than the height reached by the ice on the south through- 
out the whole period of glaciation. In the case of the Whitworth 
valley, which was unobstructed, a definite flow northwards occurred, 
the ice passing over the watershed, spreading over the surface of 
the ice which had already entered the Upper Irwell Valley from 
the west, and possibly producing a slight tendency towards a 
westward movement, the balance between the two ice-streams 
occurring where the Irwell Valley narrows east of Waterfoot. 
The influence of ice-pressure from the west, as well as from the 
south, in the Whitworth valley is indicated by the general higher 
altitude attained by the North-Western Drift on the eastern than 
on the western side of the valley. A similar northward-flowing 
stream passed through the Walsden gorge, and entered the basin 
of the Yorkshire Calder.! 

Hence, although the greater part of the area here dealt with was 
covered by a confluent ice-sheet, the irregular mass of hills and 
valleys in East Lancashire produced upon the ice an effect on a 
much larger scale than, but otnerwise similar to, that due to a 
number of big boulders slightly submerged in a river; the surface 
of the ice was probably diversified with ridges and hollows, and 
various eddies were produced within the body of the ice. _ Over 
the South Lancashire plain, however, the ice-surface was doubtless 
more uniform. 

1 J. Spencer, ‘ Halifax Naturalist’ vol. i (1896) p. 21. 
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Origin of the Local Drift. 

Owing to its limited extent, and to the fact that its boulders 
consist of rocks similar to those upon which it rests, the Local 
Drift furnishes far less evidence of the direction of ice-movement 
than the other two types. That it is due to the action of the 
same ice as that which deposited the foreign Drift is evident 
from the following considerations :— 

(1) At the junction between the two, the foreign Drift passes insensibly into 
Local Drift similar to it in every way, but for the absence of far-travelled 
stones. Thus the Local Drift forms a belt intervening between the foreign 
Drift and the unglaciated area. 

(2) Wherever any evidence is obtainable from its boulders, as. for example, 
where boulders of Millstone Grit are found in Drift resting upon Coal-Measure 
shale, the direction in which they have travelled is always in agreement with 
the direction of ice-movement deduced from evidence obtained within the area 
covered by the foreign Drift. 

(3) There is a similar agreement where the direction of ice-movement is 
indicated by the disturbance of the underlying solid rock, of which good 
examples occur within the area covered by Local Drift. 

These phenomena are attributable to the action of the clean ice ! 
which no doubt existed at the surface of the ice-sheet (see section, 
p- 214). This upper layer of clean ice would become charged, where 
in contact with the ground, with local rock-débris ; and, as the ice- 
sheet gradually spread farther, more débris would be picked up by 
a new portion of clean ice, the previous local débris being mixed 
with erratics by the further extension of the lower layers of ice. 
This would continue until the ice-sheet attained its maximum 
development, the Local Drift now remaining having been produced, 
at that stage only, by the clean ice which extended beyond the 
limits of the underlying ice containing foreign Drift. Moreover, 
the Local Drift would, on this assumption, be best developed near 
the margin of the foreign Drift, for here the ice-bearing Local Drift 
would be thickest, and therefore the boulders within it would be 
subjected to more severe glaciation for a longer time than those 
nearer the edge of the ice-sheet. In no case would the Local Drift 
be transported far; the materials of which it is composed would 
be originally much weathered, as the thin ice would not have much 
erosive action on the rocks below,” and consequently the boulders 
are not likely to be striated. All this is in agreement with the 
facts actually observed. 

1 P. F. Kendall, in G. F. Wright’s ‘ Man & the Glacial Period’ 1892, p. 166; 
and G. W. Lamplugh, ‘ Geology of the Isle of Man’ Mem. Geol. Surv. 1903, 
pp. 393 & 394. 

2 An interesting example illustrating this point may be cited from the 
eastern slopes of Black Hameldon. Undisturbed subsoil and more finely- 
divided material, apparently produced by ordinary weathering from the grit 
and shale upon which they rest, are covered by from 6 inches to a foot of 
Drift with rounded stones (in one case with chert also). Here not only was 
the ice thin and near its extreme limit, but the soil and subsoil over which 
it passed were probably frozen hard and so preserved intact. 
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The Thickness of the Ice-Sheet. 

The extent of the Local Drift suggests that the upper layer of 
clean ice was from 200 to 300 feet thick, whence we may infer that 
the actual surface of the ice-sheet at Winter Hill probably 
reached an altitude of 1750 feet above O.D. 

From the maximum altitudes attained by the North-Western 
Drift, from Winter Hill to the Pennines, the surface of the 
ice-sheet has been estimated to have fallen eastwards between 
4 and 5 feet in a mile. Hence, assuming this gradient to be 
continued westwards to the middle of the Irish Sea, the altitude 
of the surface of the ice-sheet would be there approximately 
2100 feet above present sea-level, in the latitude of Winter Hill, 
at the culmination of the Glacial Period. 

V. SYSTEMS OF GLACIAL DRAINAGE. 

Prof. Hull! described several watersheds in this region as 
occurring’ in valleys, and called attention to the fact that these 
valleys were generally broad and level. The Walsden gorge... 

‘is one of the deepest and most perfectly formed valleys in Lancashire.... 
The change of inclination in the ground on crossing the saddle is almost 
imperceptible to the eye, and the bottom of the valley presents a smooth 
surface, which, though not at present containing any stream, has clearly 
been levelled by the action of water.’ 

In his memoir on the Glacier Lakes of Cleveland,? Prof. P. F. 
Kendall expounded the principles underlying such phenomena, and 
examples have been recognized in various parts of the British 
Isles, but in few areas are they better developed than in East 
Lancashire. 
Among the dominating features that acted as controlling factors 

of the drainage, at different stages during the retreat of the ice 
and in different parts of this area, the great Walsden gorge is 
the most important. The altitude of its floor on the watershed 
between the North Sea and the Irish Sea is about 610 feet above 
O.D., and on the western side of the watershed are many drainage- 
channels above that altitude which were, one after another, 
tributary to the Walsden Gorge as the ice-barrier decreased in 
height. Broadly speaking, the area drained by this gorge ultimately 
included the whole of the Irwell basin that was not covered by 
ice, up to the time when the ice-barrier in the Roch Valley 
fell below 600 feet above O.D., together with a number of small 
areas at the heads of valleys on the northern side of Rossendale, 
the drainage of which was reversed so as to enter the Irwell 
basin instead of that of the Ribble. 

The feature next in importance is the Cliviger gorge, between 
Burnley and Todmorden. Towards it are directed a number of 
drainage-channels south of Boulsworth Hill, indicating that it 

1 “Geology of the Burnley Coalfield’ Mem. Geol. Surv. 1875, pp. 6-8. 
2 Q.J.G.S. vol. lviii (1902) pp. 471-569. 

Q. J.G.S. No. 278 9 
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continued to operate until the ice-barrier in the neighbourhood 
of Burnley sank below 775 feet above O.D., the lowest altitude 
of the watershed in the gorge. 

The third great feature is represented by a series of deep channels | 
between the Rossendale highland and the Irish Sea. Their 
position and magnitude indicate that, after the Cliviger overflow- 
channel was abandoned, and before the natural outlet of the 
Ribble was unsealed, they conveyed the surplus drainage of 
Ribblesdale into the Irwell-Mersey basin. 

There were thus two great episodes in the history of the 
glacial drainage in this area. During the first, the western 
drainage crossed the Pennine watershed by the Cliviger and Walsden 
overflow-channels into Calderdale ; and during the second, it was 
entirely disposed of west of the Pennines. 

It has been shown that, at the culmination of the Glacial Period, 
this region was practically all ice-covered up to, and generally 
across, the Pennine watershed. The development of extensive 
systems of glacier-lakes and overflows could therefore only take 
place during the advance of the ice-barriers towards their maximum 
extension, and after the ice had retreated sufficiently to expose a 
certain amount of land-surface sloping towards the ice-barrier. 
Consequently, we fail to note here the close connexion between the 
margin of the Drift and the complete series of lakes and overflow 
valleys that is found where considerable unglaciated areas projected 
above the surface of the ice-sheet at its maximum extension. 

The most obvious condition that a number of overflow: channels 
must satisfy, in order to be considered as being in operation at the 
same time and thus marking the position of the ice-barrier at a 
particular stage, is an unbroken decrease of altitude from the 
highest to the lowest. In the same direction there should also be 
a gradual increase in the capacity of each channel, as measured by 
the area of its cross-section on the watershed through which it 
cuts—because each lake had to pass on to the next, not only the 
water that it received from the preceding lake, but also the surplus 
drainage of its own basin. Moreover, as the ice-sheet retreated, 
the increase in the amount of water draining from the land as a 
result of the increased area not covered by ice naturally tended to 
make the overflow-channels at lower altitudes greater than those 
at higher altitudes, ceteris paribus. In some cases, however, 
instead of a single overflow-channel between two others, two or 
more may occur near together, their altitudes lying between the 
two extremes, and their joint capacities also being intermediate 
between those of the overflows next above and next below in the 
sequence. : 

The overflow-channels on the south and west of the Rossendale 
highland fulfil these theoretical requirements to a remarkable 
degree, the distance between one ‘aligned sequence’ and the next 
being generally sufficient to separate them completely, and thus, 
with few exceptions, leaving no doubt as to the set to which any 
particular channel belongs. 
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The important corollary follows immediately that, in this locality, 
the ice-barrier must have been withdrawn very uniformly, and that 
the chief pauses that may have occurred during its retreat were 
not merely local, but affected a considerable area. 

It is perhaps unnecessary to state that the connexion between 
the overflow-channels in an aligned series is usually made through 
lakes held up by the ice-barrier, although the occurrence of scarped 
hillsides between one channel and the next, or between two lakes, in- 
dicates that the connecting-link was sometimes a channel between 
the ice-edge and the hill-slope against which it was resting. 

(a) The Cliviger Series of Lakes and Overflow-Channels. 

The glacial draimage-channels that cross the Pennines north of 
Boulsworth Hill have been already described,! and Dr. A. Wilmore 
has dealt with some that occur in the Burnley and Colne area.? 
A few examples of glacial drainage-channels have been found 

east of the Pennine watershed in this area. Two occur on 
‘Todmorden Lower Moor above the Cliviger gorge, about 1 mile 
south-east of Portsmouth; they do not actually cut through the 
ridge, but notch its south-eastern slope. Probably the first glacier- 
lake to be formed in this region was dammed up in a small valley 
(Paul Clough) opening into the Cliviger gorge about a mile 
north-east of Portsmouth. It overflowed south-eastwards through 
what is now a dry gap, at 1000 feet above O.D. With the ex- 
ception of one or two valleys of doubtful origin, there are no 
other overflow-channels in the Cliviger gorge south-east of the 
watershed. 

Whinberry Flat, about three-quarters of a mile south-east of the 
Gorple gap, is a mass of alluvium which probably occupied the site 
of a glacier-lake formed when the ice stood at about 1300 feet. 
The lake had as its outlet a shallow channel directed eastwards. 

Several small overflow-valleys were formed by the direct drainage 
from the edge of the ice, as soon as it retreated to the west of the 
watershed: one cuts through solid rock at about 1285 feet on 
the south-western side of the wide col at Widdop Cross, and 
two parallel channels are cut through the Drift that covers 
the watershed at the Gorple gap, at about 1275 and 1250 feet 
above sea-level respectively. 

As soon as the ice retreated west of the Pennines a lake was 
probably formed at the head of Shedden Clough (west of Black 
Hameldon). Its waters escaped southwards through a shallow notch, 
just below 1275 feet O.D., in the ridge between Shedden Clough 
and the Cliviger valley. Farther west, this ridge is cut by several 
very characteristic overflow-channels, all draining southwards, and 
is also frequently scarped where water escaped between the ice 

1 A. Jowett &]H.B. Maufe, Proc. Yorks. Geol. Soc. n. s. vol. xv (1904— 
1905) pp. 227 & 228. 
tx 2 ‘Glacial Geology of Colne & District’ Proc. Colne Lit. Sci. Soc. 1908, 
‘pp. 17-20. 

Q 2 
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and the ridge. The highest quite unmistakable overflow-channel 
is about 30 feet deep, on the watershed at the head of Catridge 
Clough. The floor of the channel south-east of the ridge consists. 
of Boulder Clay, exposed in section by the small stream that here — 
takes its rise. The course of the present stream is much steeper 
than that of the overflow-channel, the latter having suffered con- 
siderably from post-Glacial denudation. It should be noted that, 
while this overflow-channel was in use, the Cliviger gorge on the 
south-west, or as much of it as existed at this stage, must have 
been full of ice. The altitude at which the Catridge channel 
began (1160 feet) corresponds with that of a delta-like feature 
below the highest channel which cuts through the ridge between 
Hurstwood Brook and Swinden, so that at this stage a lake pro- 
bably occupied the upper reaches of Shedden Clough, Cant Clough, 
and the valley of Hurstwood Brook. At the same time, a lake 
at a higher level (1200 feet) occupied the head of Swinden, and 
received the waters of still another lake in Thursden, the waters 
of which were at a level of about 1260 feet. This lake was formed 
when the ice retreated from the watershed at Widdop Cross. The 
highest overflow-channel across the ridge south of Thursden is 
dry on the watershed ; but, lower down, a small stream has exposed 
an excellent section in well-stratified material, consisting chiefly 
of shale with layers containing grit-boulders and sand and a few 
pieces of chert. This is evidently the delta of the stream which 
flowed into the Swinden lake, for its upper surface slopes gently from 
about 1225 to 1200 feet, an altitude corresponding with that of 
the highest overflow on the next ridge to the south. We thus have 
evidence for a chain of lakes, connected by overflow-channels from 
Thursden to Catridge Clough, which conveyed the drainage of the 
western slopes of the Pennines south of Boulsworth Hill into 
the basin of the Yorkshire Calder. As the ice-barrier retreated, 
gap after gap was cut at lower altitudes through the ridges between 
the lakes; the levels of the water in the lakes were lowered ; and 
the lakes increased in area, the drainage finding its way ultimately 
across the watershed by way of the ‘Cliviger gorge into the 
Yorkshire Calder. } 

Although space forbids a detailed account of all these overflow- 
channels, some of which are fine examples with deltas at their lower 
ends, the Cliviger gorge itself must be dealt with. This valley is 

- 400 feet deep on the watershed, where, according to Prof. Hull,! it 
is filled with Drift. Landslips, by breaking away from the sides 
and filling the floor. of the gorge, doubtless account for the absence 
of the characteristic outlines of a Glacial overflow-valley on the 
watershed: for, although a valley certainly existed here before 
Glacial times, it must have been further ground out by the ice, as 
well as deepened by the water, that passed through it during the 
advance and retreat of the ice-barrier. The floor of the gorge 

1 «Geology of the Burnley Coalfield’ Mem, Geol. Surv. 1875, p. 7. 
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south-east of the watershed has also been much altered by torren- 
tial waters, which have obstructed it with ridges of detritus derived 
from its precipitous sides since it ceased to be an overflow-channel. 
Plains of alluvium occur above these mounds, and the diminutive 
Calder has cut its way through the latter, forming small gorges. 

The watershed in the Cliviger gorge is now just below 775 feet, 
but it may have been somewhat lower before the landslips men- 
tioned above. The last overflow-valley on the ridge to the north 
also cuts below 775 feet, from which we may infer that the 
union of the great lake north of this ridge with the lake in the 
Cliviger valley north-west of the watershed took place about the 
time when the Cliviger gorge ceased to operate as an overflow- 
channel. The abandonment of the Cliviger gorge could only 
result from the opening of some other outlet for the water at 
a lower level than the watershed at Calder Head. Now, all 
the overflow-channels mentioned above indicate a gradual fall of 
the ice-barrier southwards, which suggests that there was an 
effective, though diminishing, pressure of ice from north to 
south in this locality, and presupposes an ice-stream between the 
Pendle chain and the Pennines, extending southwards as far as 
Hurstwood, when the Cliviger overflow ceased to operate. This 
being the case, there was no possible means of escape for the 
waters of these lakes below 775 feet across the Pennines towards 
the north. Nor does any gap exist across the main watershed of 
the Rossendale highland below that altitude, until we come to the 
Brinseall gap 4 miles north-east of Chorley. It is, therefore, 
practically certain that the retreat of the ice-barrier, by allowing 
the water impounded in the Cliviger valley above Burnley to escape 
through the Brinscall gap, led to the abandonment of the Cliviger 
overflow. This also marks the time of definite separation between 
the ice-stream from the north and that from the west, for now a 
lake existed in the basin of the Lancashire Calder, extending, 
broadly speaking, from Blackburn to Burnley, and confined between 
two ice-barriers, one a short distance west of Blackburn, and the 

other at Burnley. 
The gap in the Pendle chain at Whalley is not an important 

factor in the existence of this lake, for it was doubtless obstructed 
by ice in the Ribble Valley at this stage; and, even if this were 
not the case, the ice that acted asa barrier between the Pendle 
chain and the Rossendale highland west of Blackburn must have 
been still higher at the outlet of the main valley of the Ribble 
farther north; hence, so long as the North-Western ice formed an 
effective barrier here, any drainage from the Ribble basin could 
not have escaped northwards by way of the Whalley gap, but must 
necessarily have ultimately escaped southwards by the overflow- 
channels west of the Rossendale highland. It was only when the 
main Ribble Valley was unsealed, that the drainage of the Lanca- 
shire Calder could escape by the Whalley gap into the Ribble. 

a) 
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(6) The Walsden Series. 

At a very early stage, when an ice-lobe occupied the Walsdem 
valley, a small lake existed in the Upper Irwell Valley, and pro-— 
bably drained directly into the Calder basin through the gap at 
Sharney Ford near Bacup. It overflowed later across the ridge 
into a small lake at the head of the Wardle valley, which may have 
first discharged across the watershed on the north-east. 

As soon as the entrance of the Walsden gorge was exposed by 
the south-westward retreat of the ice in the valley of the Roch, 
other glacier-lakes began to form at the heads of the valleys 
on the south of the Rossendale highland and on the west of the 
Pennines. The channels cut by the overflow from these lakes. 
are directed eastwards and northwards respectively towards the 
Walsden gorge. 

There are four well-defined stages of retreat of the ice-barrier 
from the hills north of the Roch Valley—during which the drainage 
was directed eastwards, and crossed the Pennines by way of the 
Walsden gorge. 

The retreat of the ice south of Shore Moor provided a new out- 
let for the Wardle lake, and a series of channels was cut, which 
drained eastwards before the entrance to the Walsden gorge was. 
entirely ice-free. 

During the next stage, a series of large channels was formed, 
the last of which cut down nearly to 800 feet close to the entrance: 
to the Walsden channel. A small lake in Naden Dean overflowed 
into a large lake that extended across the watershed in the Whit- 
worth and Upper Irwell valleys, the surplus water from which 
passed into the Wardle lake and so into the Walsden channel. 

The third stage is rather more complicated. When the ice- 
barrier retreated sufficiently to expose the wide gap south-west of 
Brown Wardle Hill, the Whitworth lake would fall rapidly to 
below 1000 feet, the overflow taking place eastwards into the 
Wardle lake. This necessarily led to the separation between the 
Upper Irwell lake and the Whitworth lake, as the watershed 
between them stood at an altitude of 1050 feet. Water from 
the Irwell lake continued to escape southwards across the water- 
shed into the Whitworth lake, cutting a channel, now dry, below 
1000 feet ; and the Whitworth lake over rflowed into the Wardle lake 
through the above- mentioned gap, until its waters sank below 
950 feet. 

The Irwell lake must by this time have become much larger. 
That the ice-barrier north of the Rossendale highland was higher 
at this stage than that on the south is proved by the fact that 
two dry overflow-channels occur at the head of the Limy-Water 
valley, which cut below 1000 feet and down to 1050 feet respec- 
tively, and are both directed southwards. With a higher ice- 
barrier on the south, they must have been directed northwards. 
They were produced at a later stage by an overflow from small 
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lakes formed when the ice-edge stood close to the watershed south 
of Burnley. 

In the whole of the Upper Irwell basin there is no outlet lower 
than the gap south-east of Bacup, except the natural outlet at 
Rawtenstall. The water must, therefore, have escaped in that | 
direction when the channel south-east of Bacup was abandoned. 
There are no overflow-channels in the Irwell Valley south of 
Rawtenstall, until we come to the ridge. south-west of Knowl 

Hill, which is cut by a series of channels—the highest beginning 
at 950 feet. 

Northwards, however, the watershed is cut below 800 feet by 
an overflow-channel near Baxenden, but the channel is directed 
southwards. It is evident, therefore, that the valley at Baxenden 
was blocked by ice from the north, and the main Irwell Valley was 
filled with ice up to a lower altitude (950 feet) on the south when 
the Irwell lake overflowed directly into the Roch Valley. The 
retreat of the ice south-west of Knowl Hill thus led to the 
abandonment of the direct overflow from the Irwell lake into the 
Whitworth lake. 

The Irwell lake discharged its waters into the now augmented 
Naden lake, which again overflowed into the Whitworth lake by a 
long, wide, curving channel that trenches the watershed from 900 
to below 825 feet. The first outlet from the Whitworth lake 
below 900 feet is south of Rushy Hill, where two parallel dry 
channels occur. The drainage through the higher of these entered 
the Wardle lake and escaped by a series of overflows into a lake at 
the head of the Roch Valley and so into the Walsden channel. It 
is likely that the earliest drainage through the lower channel south 
of Rushy Hill also escaped by the same route; but, by the time 
that the valley had cut to its lowest level, the ice-barrier had re- 
treated sufficiently to permit of the mingling of the waters of the 

. Wardle lake with those of the Rochdale lake. Later, as the water- 
level sank a little lower, the two lakes were partly separated by the 
lateral moraine that stretches across the Wardle valley on the south, 
and the Wardle lake began to be drained into the Rochdale lake. 

In the fourth stage, the chief factor was the great overflow- 
channel now oceupied by the Cheesden Brook and its connexions. 
This channel cuts through the ridge between the Irwell and Roch 
basins at Birtle Dean as a steep-sided gorge over 200 feet deep. 
The Irwell lake commenced to drain into it at an altitude of 
900 feet, and its lowest feeder entered below 750 feet. The water 
draining through Birtle Dean was distributed by channels at various 
levels, the earlier portion ultimately passing through the Walsden 
gorge. The later portion, however, cut a wide channel 30 feet deep, 
which terminates in a large delta between 500 and 525 feet O.D., 
and therefore could not have drained through the Walsden gorge. 
This stage was also marked by the draining first of the Whitworth 
lake, and then of the lake in Naden Dean, and by a great increase 

in the area of the Rochdale lake. 
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The overflow-channels on the eastern slopes of the Roch Valley 
are more sporadically distributed, and less easy to arrange in series 
than those described above. The first stage is marked by a single © 
channel east of the Walsden gorge, which must have been formed 
when the present gorge was filled with ice up to and somewhat 
north of the Pennine watershed. A small lake occurred at the 
head of this channel, but there was doubtless a considerable flow 
of water towards it between the edge of the ice and the steep slopes 
of Blackstone Edge. 

The second stage is marked by the overflow from a lake at the 
head of Longden-End Clough across the ridge to the north. Two 
sets of small channels (commencing at altitudes of 1225 and 1150 
feet) conducted the drainage northwards through narrow lakes, the 
last channel in the series being 125 feet deep on its watershed, 
which is at an altitude of about 760 feet. This channel terminates 
close to the entrance to the Walsden gorge. 

The third stage began with a great lake occupying the Tame 
Valley at an altitude of 1125 feet, which drained northwards 
into a lake at the head of the Ogden valley (altitude 1100 feet) 
and thence into the Longden-End lake, from which the water 
escaped below 850 feet. The last channel in this series is 75 feet 
deep on its watershed, which was cut down to 675 feet. 

The fourth stage is marked by a series of valleys parallel with 
those of the third stage, but terminating some 50 feet below, the 
great channel from the Tame lake being in operation during the 
earlier part of this stage. The last-mentioned channel cuts down 
below 625 feet. ; 

During the fifth stage, a slight overflow of the water impounded 
against the eastern slopes of the Beal valley entered the lake in 
the Ogden valley, then at an altitude of 700 feet. The Ogden lake 
drained northwards into a smaller lake, and then into the Rochdale 
lake, the last overflow-channel cutting below 600 feet. This stage 
began with the merging of the Longden-End lake into the Roch- 
dale lake. 
A slight retreat of the ice-barrier led to direct overflow from the 

Ogden into the Rochdale lake, the channel between the two being 
cut down below 600 feet before it was finally abandoned and the 
Ogden lake became part of the Rochdale lake. A lake now 
existed in the Beal valley, which drained northwards into the Roch- 
dale lake. This valley continues southwards, but the lowest 
altitude of its watershed is well over 600 feet, whence we may infer 
that the waters of the Rochdale lake could not escape in that 
direction. More probably a northward flow of water took place 
through this gap into the Beal lake. 

It has been stated that two of the terminal overflow-channels 
cut down below 600 feet. These are typical dry gorges, and are 
both directed northwards towards the Walsden gap. The floor of 
the Walsden gorge is 610 feet on the watershed, and is so level that 



Vol. 70.) GLACIAL GEOLOGY OF EAST LANCASHIRE. 223 

a stretch of canal three-quarters of a mile long crosses the water- 
shed without a lock. The sides of the gorge rise precipitously 
to a height of over 300 feet above its floor, Several streams have 
cut out notches in its walls and deposited the débris upon its floor. 
The actual watershed is a delta-watershed or ‘ corrom,’! the sedi- 
ment being deposited by Light Hazzles Brook, which descends 
from the east and is deflected southwards by the ‘corrom.’ 
A cutting was made in the ‘corrom’ below 600 feet in the con- 
struction of the canal, and an exposure of alluvium may now be 
seen in the bank passing below the surface of the water. It is 
clear that the rock-bottom of the gorge extends considerably below 
600 feet, and would thus provide an outlet for the drainage con- 
veyed by the two channels mentioned above, as the ‘corrom’ 
could not be formed until after the Walsden overflow-channel was 
abandoned. 3 

A great amount of morainic material occurs in the Roch Valley 
south and south-west of Rochdale. This is traversed by a number 
of dry channels directed southwards, in addition to the gorge which 
the Roch now occupies. The highest of these channels occurs about 
2 miles south of Rochdale, and is cut down below 550 feet. The 
opening of this outlet must have been the cause of the abandonment 
of the Walsden channel. 

(c) The Western Series. 

It has been shown that, near the time when Birtle Dean ceased 
to operate as an outlet of the Irwell lake, the Walsden gorge was 
abandoned. Hence the drainage from all the overflow-channels 
now to be described was confined to the western side of the Pen- 
nines. The channels south-west of Birtle Dean mark the last 
stages of the separation between the Irwell lake and the Rochdale 
lake. 

During its later history, the Irwell lake was augmented by the 
overflow from a lake south-east of Accrington which cut a channel 
below 800 feet between Baxenden and Haslingden. The retreat of 
the ice northwards across this watershed removed the last source of 
supply of ice to the Irwell Valley north of Ramsbottom. West of 
the Irwell Valley, the Rossendale highland is less uniformly high, 
and, being traversed by valleys from north-west to south-east, 
besides projecting farther west, was crossed by considerable streams 
of ice. The long persistence of the ice-barrier against the ridge 
north-east of Bury may have been largely due to the convergence 
of these ice-streams upon the basin-like hollow in which Bury is 
situated, in addition to the tendency of the ice that poured over the 

1 Pp. F. Kendall & E. B. Bailey, ‘The Glaciation of East Lothian south of 
the Garleton Hills’ Trans. Roy. Soc. Edin. vol. xlvi, pt. 1 (1907-08) pp. 25-30. 
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plain along the south of the Rossendale highland to press north- | 
wards up the Irwell Valley. 

The overflow-channels on the eastern slopes of the Darwen- 
Edgeworth valley indicate that it was occupied by an ice-stream 
from the north at a comparatively late stage, for the drainage 
from one of these channels probably entered the Irwell lake while 
it was still separated from the Rochdale lake. The big channel 
at Hawkshaw Lane was, however, cut by the overflow from 
the Edgeworth lake into the Irwell lake, after the ice-barrier had 
shrunk away from the ridge north-east of Bury. The Edge- 
worth lake was fed by the overflow from lakes in the Darwen 
and Hoddlesden valleys north of the watershed, and from a 
lake in the Belmont valley. In all probability the EHdgeworth 
and Belmont lakes were united before the Hawkshaw-Lane 
channel was abandoned. The Belmont lake then discharged 
its waters eastwards into the Irwell lake through a gap below 
500 feet due west of Bury, and later directly into the Irwell lake ; 
the latter overflowed south-eastwards, reinforced by the drainage 
from the Burnley lake by way of the overflow-channels west of the 
Rossendale highland. It is, therefore, certain that the Cliviger 
overflow-channel continued in operation at a much later stage 
than the Walsden channel. The channels west of the Rossendale 
highland extend in a broad arc, convex towards the west, from a few 
miles south of Blackburn to Horwich, where they open upon an 
alluvial plain built of the débris derived from their excavation. 
The altitude of the ice-barrier corresponding with the highest series 
fell gradually, from about 750 feet on the north to below 600 feet 
on the south. The Brinscall channel is cut down below 550 feet, 
and at the same altitude another series was initiated over a mile 
away to the north-west: the main channel being about 100 feetdeep, 
and cutting its watershed down to 350 feet above O.D. This series, 
although much obscured by recent stream-action, may be traced 
through Chorley to Wigan and Leigh, and marks the last stage 
during which the Ribble drainage escaped into the Mersey basin. 

The absence of any large and deep valleys of the ordinary type 
at the western extremity of the Rossendale highland, and the 
fact that the valleys that do exist open more or less towards the 
direction from which the ice came, prevented the formation of 
any but insignificant lakes to break the continuity of the overflow- 
channels. Though some of the channels are wide and deep rock- 
gorges, many were wholly or partly excavated in Drift; and their 
western walls frequently consisted entirely of ice, or were supple- 
mented above by the ice-barrier. 

Prof. Boyd Dawkins! has shown that the contour of the present 
surface, here and over the plain to the west and south, is much less 

1--The Relation of Geology to Engineering’ Proc. Inst. C.E. vol. exxxiv 
(1897-98) pp. 269-70. - 
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diversified than that of the pre-Glacial surface, buried valleys 
being met with in boring and in excavations, some of which extend 
considerably below sea-level. 

Immense quantities of the rock-débris resulting from the 
excavation otf overflow-channels, mixed with rearranged Drift, 
were deposited along the southern margin of the Rossendale 
highland, and the effects produced by strong currents in the 
shallow lakes which latterly occupied the South Lancashire plain 
make it easy to understand how these superficial deposits were 
long regarded as of marine origin. 

Although its consideration opens up another chapter in the 
Glacial history of the Western Pennines, it may be stated here that, 
on the abandonment of the Walsden channel, the drainage of the 
Irwell-Mersey basin for some time escaped into the Trent basin 
and possibly into that of the Severn, until the ice-barrier between 
North Wales and the Rossendale highland was removed. 

VI. CoNncLUSIONS. 

Three types of Drift have been recognized in East Lancashire, 
namely :—(1) North-Western Drift, which contains, among other 
materials, igneous rocks from the Lake District and the South of 
Scotland ; (2) Ribblesdale Drift, containing Carboniferous Lime- 
stone and chert and Silurian grit; and (3) Local Drift, consisting 
of materials that can be found zm sztwu in the neighbourhood. 

The distribution of these types of Drift, together with the evi- 
dence of striated and of disturbed rock-surfaces beneath the 
Drift, suggests that East and South Lancashire were invaded by 
the composite ice-sheet from North Lancashire and North-West 
Yorkshire postulated by Mr. Tiddeman. This ice-sheet reached up 
to the Pennine watershed, and lobes of ice crossed the watershed by 
way of the gaps at Widdop, Gorple, Cliviger (between Burnley and 
Todmorden), and Walsden (between Rochdale and Todmorden). 

While the main ice-movement was from north-north-west to 
south-south-east, on the north and north-east of Manchester there 
Was a curious movement of the ice partaking of the nature of an 
eddy, whereby the ice-flow was directed first eastwards, then north- 
eastwards, and ultimately northwards, the main current of ice thus 
bending completely back upon itself in the neighbourhood of 
Rochdale. 

The Local Drift is believed to have been produced by the over- 
lapping of 200 feet or so of clear ice, forming the upper portion of 
the ice-sheet, beyond the limits reached by the ice containing erratics. 
No evidence has been found in favour of any local glaciation in this 
area. A conservative estimate of the gradient of the surface of 
the ice, based upon the mapping of the limit of the North-Western 
Drift, gives a rise of about 4 feet per mile from the Pennines 
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(near Blackstone Edge) westwards towards the Irish Sea; this — 
would involve the existence of an ice-sheet, rising to an altitude of 
approximately 2100 feet above present sea-level, in, the middle 
of the Irish Sea, in the latitude of Bolton. 

Extensive systems of glacier-lakes and drainage- hae were 
produced on the retreat of the ice. One system converged upon 
the Cliviger valley, by which the surplus waters on the west of the 
Pennines, south of Boulsworth Hill, crossed the Pennine watershed 
and escaped into the basin of the Yorkshire Calder. This con- 
tinued until the ice had retreated so far as to expose a lower portion 
of the Rossendale highland east of Chorley. The drainage from the 
basin of the Ribble then escaped southwards, cutting a hei of 
large overflow-channels in this neighbourhood. 

For a long time the Irwell basin discharged its surplus waters 
by way of the Walsden gorge into the Yorkshire Calder, thereby 
giving rise to a very complicated system of overflow-channels. 

The Cliviger overflow-channel remained in use at a later stage 
than the Walsden channel, and the evidence of the Drift-distribu- 
tion and the overflow-channels is in favour of a greater altitude of 
the ice-barrier on the northern than on the southern side of the 
Rossendale highland, at the maximum extension of the ice-sheet 
and during all the stages of its retreat. As the ice-sheet dwindled, 
its two components apparently separated in the neighbourhood of 
Burnley and the North-Western ice-barrier retreated westwards, 
while the glacier between Pendle and Boulsworth Hills retreated 
northwards. It appears likely that the North-Western ice arrived 
in this area later, and disappeared earlier, than the Ribblesdale ice. 
‘This was doubtless owing to the fact that the former was much 
farther from its source than the latter. 

The arrangement of the overflow-channels and of the Drift- 
deposits indicates some slight local fluctuations in the ice-sheet, 
but there is no evidence in this area for more than one — 
period. 

In conelusion, I wish to thank Mr. S. Compston, J.P., through 
whose kind offices I was permitted to examine and make excavations 
in the gathering-ground of the Bury and District Joint Water- 
Board; also Mr. J. McV. Munro, who accompanied me on many 
long walks over the moors ; and, above all, Prof. P. F. Kendall, to 
whose generous help and ‘encouragement the complet of this 
work is largely due. 
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Instances! of ‘Terminal Curvature’ of Rocks 

und erlying Drift. 

(In all these the pressure has acted up hill.) 

Locality and Elevation. 

1. Black Clough Head, south of 
Boulsworth Hill ; 1370 feet. 

2. Birkin Clough, south of 
Widdop Cross; 1350 feet. 

3. Mere Clough, 2 miles south- 
east of Burnley; 740 feet. 

Green’s Clough, south-west 
of Portsmouth (Cliviger 
gorge) ; : 

1250 feet. le 

1300 feet. 

6. North of the summit of 
Heald Moor ; 1300 feet. 

7. Anchor Clough, north-east 
of Ramsbottom; 1295 to. 
1350 feet. 

8. Above ‘Long Causeway,’ 

) Description of Section. 

2 feet of Boulder Clay resting on 
_ 4 feet of crumpled shale—un- 

disturbed shale below. . 

Big boulders forced into shale. 

| 

| 1 foot of sandy Boulder Clay; 
boulders forced into a broken- 

‘ 

| Thin Drift on shale; shale 
contorted at the surface. 

Clayey gravel on 18 inches of 
shale, contorted and dragged 
over. Undisturbed — shale 
below. 

_ Boulder Clay worked into con- 
torted shale. 

Clay with subangular boulders, 

18 inches of contorted and 
broken-up shale. Undisturbed 
shale below. 

Boulder Clay worked into con- 
torted shale. Undisturbed east of the Wardle valley; | 

1100 feet. ) shale below. 

up surface of flaggy sandstone. 

resting upon and mixed with | 

| 

Direction of 
Pressure. 

East. 

South. 

South-East. | 

South. 

South-East. 

South-East. 

South-East. 

/ 

| 
/ 

| 
| 
| 
| 

| 

North. / 

1 Indicated on the map (Pl, XX XIII) by dotted arrows. 
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EXPLANATION OF PLATES XXXI-XXXYV. 

PLATE XXXI. ie 4 

Fig. 1. General view of overflow-channels south-west of Knowl Hill; the 
view is taken looking north-north-westwards. The course of the 
main channel, indicated by the factory chimneys, runs along the 
hillside from north-west to south-east, instead of following the 
direction of steepest slope, north-east to south-west. The channel 
has a broad flat floor, and is occupied by a comparatively small ‘ 
stream. Thick Drift occurs on the left of this valley. (See p. 221.) | 

2. View looking northwards from nearly the same position as in fig. 1. ' 
The flat-topped hill on the sky-line is Knowl Hill (1878 feet). The 
ridge running southwards from Knowl Hill is cut across by two | 

channels ( —~) directed eastwards. The higher of these, Wind-Hill 
Nick, is a dry gorge (Pl. XXXII, fig. 1); the lower, Birtle Dean, is 
a continuation of the main channel mentioned above (fig. 1), and is : 
over 200 feet deep. Wind-Hill Nick cuts the ridge at 900 feet, and . 
Birtle Dean at 850 feet above O.D. (See p. 221.) | 

J 

PLATE XXXII. 

Fig. 1. View of the entrance to the Wind-Hill dry channel, looking south-. 
eastwards. (See also Pl. XXXI, fig. 2.) This is a beautifully- 
formed valley, 50 feet deep on the watershed, cut in Millstone Grit. 
Its floor slopes eastwards, away from the observer. 

The hillside on the left of the picture is scarped, and formed one 
side of the drainage-channel—the other side consisting, at this point, 
largely of ice—which carried the water to Wind-Hill Nick. This 
channel was cut down a little farther, after Wind-Hill Nick was 
abandoned. It will be noted how the stone wall which crosses the 
floor of the channel is partly hidden by the low right bank. (See 
p. 221.) 

2. View, looking south-south-westwards, of the lower portion of Ratcliffe 
Hill dry channel, south of Shore Moor. This channel is over 100 
feet deep on the watershed, and is directed northwards, all the 
normal drainage here being directed southwards. The floor of the 
channel widens, and terminates in a gently-sloping delta at about ' 
825 feet O.D., below which the hillside is steeper. The hill on 
the left is 950 feet above O.D. (See p. 220.) 

PLATE XXXITI, 

Map, on the scale of 3 miles to the inch, or 1: 190,080, illustrating the 
-distribution-of the three types of Drift in East Lancashire. 

PLATE XXXIV. 

Map, on the scale of 3 miles to the inch, or 1: 190,080, indicating the chief 
_ ~overflow-channels (shown in red) and the various positions of the edge of the 

‘ice at its maximum extension, and at well-marked stages during its retreat. 
[For ‘ Black Hameedon’ read ‘ Black Hameldon.’ ] 

PLATE XXXV, 

Reduction, on the scale of about 5 miles to the inch, or 1 : 316,800, of the 
-above-mentioned map (Pl. XXXIV), showing the glacier-lakes and overflow- 
channels in existence at the more important episodes during the retreat of the 
ice-sheet. 

Tl et a 
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Fie.!. GeneRAL View oF OvERFLOW CHANNELS SOUTH-WEST OF KNowWL HILL. 

A. J., Photo. 

Fig. 2. VIEW, LOOKING NORTHWARDS, FROM NEARLY THE SAME POSITION AS IN FiG.I. 

A. a Photo. Bemrose, Colle Derby 
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Fic.1. VIEW OF THE ENTRANCE TO THE WIND HILL Dry CHANNEL, LOOKING SOUTH-EASTWARDS. 

<= 

A.J., Photo. 

Fic. 2. ViEW, LOOKING SOUTH-SOUTH- WESTWARDS, OF THE LOWER PORTION 
OF THE RATCLIFFE Hitt Dry CHANNEL. 

Bemrose. Collo, Derby A.J., Photo. 
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Fig. 1. This indicates approximately the area covered by the ice-sheet when 
at its greatest development. The ice-sheet extended beyond the 
Pennine watershed, a large lobe crossing north of Boulsworth Hill 
into Airedale; and two smaller lobes, one crossing south of Black 
Hameldon and the other east of Shore Moor, formed a combined 
stream in Upper Calderdale. 

2. At this stage, the ice had almost completely retreated west of the Pennine 
watershed, except the lobe which (although steadily diminishing) 
continued to enter Airedale throughout all the stages here depicted. 
Lakes were held up by the ice-barrier, and their surplus waters were 
discharged across the Pennines into Calderdale. The summit of 
Winter Hill appeared above the ice-sheet. 

Figs. 3 & 4. A further retreat of the ice-barrier led to the production of large 
lakes in the upper valleys of the Irwell and Roch, and of a smaller 
series in the Ribble basin, west of Boulsworth Hill and Black 
Hameldon. Fig. 4 represents the critical stage, when the lakes in the 
Irwell basin were about to cease from discharging into Calderdale. 

Fig. 5. The drainage of the Irwell-Mersey basin next escaped into the Trent 
basin. The main outlet for the Ribble drainage was still by way of 
the Yorkshire Calder. 

6. The lakes in the Ribble basin next increased considerably in size, 
and the whole of their surplus waters was discharged west of the 
Rossendale highland into the Irwell-Mersey basin, and thence into the 
Midlands. At this stage, the connexion between the main ice-sheet 
and the southward-flowing lobe between Pendle and Boulsworth 
Hills was severed. 

DISCUSSION. 

Mr. R. H. TippEemayn wished to remind the Society that 
this paper was a sequel, and in his opinion a very valuable sequel, to 
a series of papers in the Society’s Journal on the Glaciation of the 
North-West of England, which related to almost contiguous areas. 
These were:—in 1872, by the speaker, ‘On the Evidence for 
the Ice-Sheet in North Lancashire & Parts of Westmoreland & 
Yorkshire’; in 1874 & 1875, by Clifton Ward, ‘On the Glaciation 
of the Northern & Southern Parts (respectively) of the Lake 
District’ ; and in 1875, by J. G. Goodchild, ‘The Glacial Phenomena 
of the Eden Valley & the Western Part of the Yorkshire Dale 
District.’ 

In the first paper the speaker had been irresistibly compelled by 
the evidence in his ground to hold the view that the Scottish and 
Lake-Country ice had held up the ice-drainage from North Lanca- 
shire, and compelled its flow to the south over land. His further 
conviction, deduced from facts by other observers, that the Irish Sea 
had been occupied by an ice-sheet which overflowed the Isle of Man, 
Anglesey, and the plains of Cheshire, was, he thought, now fully 
admitted. 

The present paper so well worked out, illustrated, and presented, 
was strongly confirmatory of those views. The existence of 
overflow-channels discovered by the Author was very valuable, 
and the speaker was now well aware of many similar occurrences in 
his ground to the north, although they were not at the time 
recognized as such. 



230 THE GLACIAL GEOLOGY OF EAST LANCASHIRE. [June 1914, 

In conclusion, he wished to ask whether a flow of the Lake- 
Country ice across the débris of the Ribblesdale ice-stream might 
not more simply explain the mixture of drifts west of Walsden. 

Prof. T. W. Evezworta Davin stated that this interesting 
paper suggested to him an analogue between the glacial conditions 
just outlined for East Lancashire, and those of the Ross Region 
of Antarctica. The Ross Barrier might be compared with the 
Trish-Sea ice, and any of the great glaciers which join with it and 
nourish it with the Ribblesdale ice. Even now, the Ross-Barrier 
ice-sheet climbs slopes, and thrusts up marie muds for a vertical 
distance of 300 feet (formerly 800 feet), and it has accomplished 
this work at distances of at least 8300 to 400 miles from the snouts 
of the great glaciers which push against its extreme southern 
margin. He wished to ask the Author whether in East Lancashire 
he had observed upthrust marine muds derived from the floor of 
the Irish Sea. The thickness assumed for the Irish-Sea ice 
(2000 feet), agreed well with the former thickness of the Ross- 
Barrier ice-sheet. 

He congratulated the Author on a paper which advanced our know- 
ledge of the Glacial deposits of Lancashire, a branch of geological 
knowledge to which Mr. Tiddeman had already made such 
important contributions for Lancashire, Prof. Kendall for York- 
shire and adjacent areas, and Mr. Lamplugh for the Isle-of-Man 
development of the ice-sheet of the Irish Sea. The paper seemed 
of especial value in regard to the detailed tracing of the lakes 
which formed between the Pennines and the retreating edge of 
the Irish Sea ice-sheet, and also with reference to the careful 
survey of the overflow valleys discharging eastwards across the 
water-parting of the Pennines, , 

He stated that the Author’s suggestion that the undisturbed 
character of certain sandy beds under Lancashire Drift might be 
due to the sand being compactly frozen at the time, recalled an 
interesting paper by the President on the pre-Mesozoic glacial beds 
in the Varanger Fjord. Dr. Strahan had recorded in that paper 
that Mr. L. L. Belinfante had offered a similar explanation for a 
similar occurrence in the Varanger Fjord. 

Mr. G. W. Lampivuex congratulated the Author on his choice 
of an area which combined so admirably with the previous work. 
He commented on the similarity of glacial conditions on both sides 
of the Irish-Sea Basin and on the eastern side of the North Sea. 
In all three cases the local ice-flow was pent in and deflected along 
the bordering uplands. The Southern Pennines appear to have 
had curiously little influence as a contributory area, but to have 
been glaciated only where invaded. During the period of recession 
there must have been an enormous quantity of water pouring over 
the middle of England, as the overflow-channels and other pheno- 
mena indicate persistently an inland flow from both sides of the 
country. It was not yet clear where all this water ultimately 
went. 

Dr. J. W. Evans remarked that, when the Author inferred from 
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the position of the overflow-channels the extent of the lakes and 
the direction of the drainage at different stages of the retreat of 
the ice, he assumed that the relative heights of the surfaces of the 
country were the same as at present. The speaker, however, 
believed that the accumulation of many hundreds of feet of ice on 
the lower ground would result in a depression of that portion of 
the region relatively to the area left uncovered, while the subsequent 
disappearance of the ice would cause a gradual reverse movement. 
Such movements should be allowed for in dealing with the problems 
presented by the facts recorded in the paper. 

The AuTHoR, in reply to Mr. Tiddeman, instanced the well- 
defined boundary between the North-Western and the Ribblesdale 
Drifts and the almost complete absence of boulders of igneous rocks 
from the latter, as evidence that the ice-streams which deposited 
these two types of Drift did not commingle to any appreciable 
extent. 

The. Author informed Prof. David that marine deposits are 
widely distributed among the Drift: thus, marine shells had been 
obtained by Mr. Bolton from the Boulder Clay at Bacup. 

Replying to Dr. Evans, the Author stated that he had carefully 
considered the influence of a possible warping of the land-surface 
upon the overflow-channels, but that a simpler interpretation was 
sufficient to explain the few difficulties that occur. 

In conclusion, he thanked the Fellows for their kind appreciation 
of his work. | 

Q. J.G.S. No. 278. R 
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9. On the LirHotoay and Composition of DurHAM MAGNESIAN 

Limestones. By .Cuartes Taytor TrRecHMANN, B.Sc., 

F.G.S. (Read February 4th, 1914.) 
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I. IntTRopDUCTION. 

THE analyses of which a selection is here presented were com- 
menced during an investigation of the Magnesian Limestones of 
the southern part of the Durham area. The results proved of 
sufficient interest to induce me to extend the enquiry over a con- 
siderable variety of rocks included in the whole Permian area of 
Durham. 

The work was undertaken, primarily in order to obtain satisfae- 
tory and reliable information regarding the following questions :— 

(1) The quantity and nature of the insoluble residues in the rock ; 
(2) The amount of iron, together with the traces of alumina and phosphoric 

acid accompanying it, and the state of oxidation of the former ; 
(3) The dolomitic or non-dolomitic character of the various beds ; and 
(4) The possibility of sulphates still remaining in the rock. 



Vol. 70. ] OF DURHAM MAGNESIAN LIMESTONES. 233 

I was also desirous of gaining information, if possible, regarding 
the original condition of deposition of the formation, by analysis of 
those parts which had undergone little, or relatively little, subsequent 
alteration; and I also wished to ascertain to what extent those 
portions which have a calcareous composition might be regarded 
as the result of original conditions of deposition, of escape from 
secondary dolomitization, or of subsequent calcareous segregation. 

The advisability of further analytical investigation was recently 
emphasized by some significant remarks, which Prof. E. J. Garwood 
and Mr. E. E. L. Dixon made during the discussion of a paper 
by Dr. D. Woolacott.1. Among the questions asked during this 
discussion were the following :— 

(a) What precisely was the agency which deprived a dedolomitized lime- 
stone of its magnesium ? 

(b) What was the evidence that any of the dolomite was an original 
chemical precipitate ? 

The only extended series of analyses of English Magnesian 
Limestones is that of E. J. J. Browell & J. W. Kirkby.? The 
specimens were selected by Kirkby, and analysed in Browell’s 
laboratory. A critical examination of this paper shows that the 
analyses are mainly concerned with Marl Slates, Lower Limestones, 
and the concretionary growths and their associated matrix in the 
Upper Limestones of Fulwell. 

The authors find that their analyses indicate variations from a 
rock containing 96°94 per cent. of calcium carbonate and 1°66 of 
magnesium carbonate, to one containing 42°84 per cent. of the 
former and 49°86 of the latter. At least six out of their forty-five 
analyses give quantities of magnesium carbonate in excess of the 
dolomitic ratio. The chief conclusion arrived at by them is that 

‘the differences in chemical composition are largely due to the action of 
segregation after deposition,’ 

of which the most conspicuous example is cited—the botryoidal and 
eannon-ball concretions. They also conclude that 

‘the light-coloured, friable beds contain the most magnesia, while the dark 
compact beds are the most calcareous,’ 

a conclusion only applicable to the sulphate-free and oxidized rocks 
as they appear at the surface, and not to the formation in its more 
original condition—as proved in sub-Triassic borings or in other 
protected situations. They also remark upon the smallness of the 
insoluble residues. 

There can be no doubt that the bewildering inconstancy in the 
dolomitic character of the analyses obtained by Browell & Kirkby 
is largely due to an indiscriminate choice of partly-segregated 
rocks. 

1 Q. J. G.S. vol. lxvii (1911) p. 314. 
2 «On the Chemical Composition of Various Beds of the Magnesian Lime- 

stone & Associated Permian Rocks of Durham’ Nat. Hist. Trans. North. & 
Durham, vol. i, pt. 2 (1866-67) p. 204. 

R2 
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In the analyses tabulated in this paper, care was taken, both to 
ascertain the degree of alteration which the rocks had undergone, 
and to obtain average samples of the material free from secondary 
calcite or other crystals. 

The following criteria were used in the recognition of beds which 
have escaped segregation or granular collapse :— 

(a) General well-stratified character of the rock, whether massive or fissile, 
compact or friable. 

(b) Fineness and uniformity of grain, together with the absence of secondary 
calcite or of powdery dolomite. 

(c) The presence of casts of fossils in unerushed or undisturbed condition. 
(d) The presence in undisturbed condition of hollow cavities, presumably 

left after the solution of sulphates. 

In a previous paper,! I endeavoured to point out the effect of the 
conversion of anhydrite formerly present in the formation into - 
gypsum and its subsequent removal by solution, on the brecciation 
and degradation of parts of the Magnesian Limestone ; as also its 
influence on the processes of segregation and liberation of granular 
dolomite, and on certain features connected with the tectonics of 
the formation. 

The present paper is a sequel and extension of that just men- 
tioned, based on a much closer enquiry into the composition of 
various beds. This being the case, a certain repetition of points 
already touched upon in the previous communication may perhaps 
be excused. 

Repeated analyses? show that the Magnesian Limestone is 
essentially a dolomitic rock, the chief constituents of which may 
be roughly indicated by the following synopsis, though with no 
reference to their varying proportions :— 

Previous Composition. Present Composition. 

Dolomite. Dolomite. 
Calcite. Calcite. 
Anhydrite and gypsum. 
Ferrous carbonate. Tron sesquioxide. 
Manganese carbonate. Manganese dioxide (dendritic). 
Sandy residue and colloidal silica. Siliceous residues. 
Sulphides. Pyrites (free or enclosed in quartz). 
Micaceous and heavy minerals. Micaceous and heavy minerals. 
Organic matter. Bituminous matter. 

1 Q. J. G. S. vol. lxix (1913) pp. 195-98. 
2 The process of analysis employed was the direct gravimetric one, with a 

double precipitation of the calcium and magnesium as oxalate and phosphate 
in well-diluted solutions. Confirmatory analyses were made in several cases. 
The results are further reckoned to terms of calcite and dolomite. Several of 
the rocks were sliced, and stained with Lemberg’s solution. The quantity of 
superfluous calcite in the more dolomitic rocks in most cases agreed with that 
indicated by the degree of coloration on staining. ‘ 

Samples were powdered and dried at 120° C. before analysis. Some esti- 
mations of carbon dioxide were also made, but were found to agree so closely 
with the calculated amount that this was neglected later. 
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Il. LirHotogy anp COMPOSITION. 

South Durham Salt-Deposits. 

I.*Newcastle Chemical Works borehole, No. 1, on the 
bank of the Tees opposite Middlesbrough. Depth about 1052 feet. 

A hard, grey, fetid, compact, partly oolitic, apparently thinly- 
bedded rock, impregnated with gypsum.! 

ie 

Insoluble residue ................... 1°05 

VS, A oy a Pe pepe OAs es. Wh A ei 0°46 
Se BAI hd, oO eed eae eee 53°41 

1 a Pe eerkce Wie ge ca ee 44°40) 
Bro) RE eae a ol ee 1°14 

TPCT SD get Be tha 100°46 

Galerie. i573: 0°54 Dolomite......:.. 97°27 

Highest Limestones. (Hartlepool and Roker Series.) 

If. Fulwell railway-cutting.—A very white, powdery, 
well-bedded rock, containing friable siliceous concretions. No 
fossils. The coarser siliceous material was removed by riddling. 

Ill. Hesleden Dene.—A thinly-bedded, very porous, white, 
friable oolite, made up of small and irregular concentric grains. 
Full of hollow casts of four species of Upper Limestone fossils. 

IV. Hesleden Dene.—A white, massive, friable, well-bedded 
rock, containing fossils similar to those found in No. III, but less 
plentifully. It is quarried as a building-stone. 

V. Hartlepool shore-section.—Massive well-bedded oolite. 
No fossils oceur, but the bed is closely associated with fossiliferous 
Upper Limestones. 

VI. Seaham Harbour.—In a mass of rock isolated from the 
eliff-section. A bed about 2 feet thick near the middle of the 
section: it is a very small-grained oolite, each grain hollow in the 
centre. This bed is full of empty stellate cavities. No fossils; 
but Schizodus and Liebea occurred in a bed immediately below it. 
A stained section shows this rock to have been originally a fine- 

grained oolite, the nuclei being dissolved out, and the concentric 
structure nearly obliterated by recrystallization of the dolomite in 
small, irregular, allotriomorphic crystals. The presence of calcite is 
shown by a faint general stain, but it does not occur in well-defined 
crystals, (See Pl. XX XVII, fig. 5.) 

* The analysis is of the actual fragment in which Richard Howse detected 
the three characteristic Upper Zechstein fossils—Schizodus dubius, Inebea 
hausmanni, and Chondrites virgatus. See Nat. Hist. Trans. North. & Durham, 

vol. x, pt. 2 (1890). 
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iT, ITI. LY. Vi. Bf 

Insoluble residue 3°31 0°76 0°45 0°05 0°58 
10 ay ae 1°18 0°45 0°30 0°40 0°44 
O27 6) Cr eee 52°96 54°85 55°41 54°79 54°49 
MeOOs ir eee: - 42°13 45°02 45°01 45°13 44°84 
SOs ae ae ee ees oas ok: 0°15 0°08 tr tr tr 

GIRS papi oes 22% 99°73. 101°16 10117 100-37 100°35 

CalGibes peeved os A5<0 ss 2°80 1°25 1°82 1°06 1:10 
Dolonntacn noo... +». 92°29 98°62 98°60 98°86 98°23 

Upper Limestones with Chondrites. 

VII. Coast-section north of Blackhall Rocks.—A fine- 
grained, whitish-yellow, soft, fetid, soapy rock, well-bedded but 
much fractured. Full of hollow casts of Schizodus, Iiebea, and 
Chondrites. 

VIII. Coast-section south of Blackhall Rocks, associ- 
ated with beds similar to the above. A fine-grained, white, soft, 
fetid, soapy rock, well-bedded and full of stellate cavities. 

A stained section shows a compact aggregate of very minute 
dolomite-grains, yellow with impurities. Calcite occurs throughout 
the slide as minute specks which stain deeply. Irregular quartz- 
grains and tourmaline-needles are visible. 

VIL. VII. 

Insoluble residue ............ 2°61 3°80 
(rather oily). 

1G UES 2: res 0°93 0°77 
Cee 52°76 53°14 
ECE ioe! SSR ae 42°67 42°28 
pease o's «yx darisiee 0°31 0°17 

AC) Ug ee 99°28 100°16 

LS 08g Se 1°96 2°81 
Lo SUE 93°47 92°61 

Concretionary Beds. 

Coast-section between Blackhall Rocks and Hart.— 
The powdery matrix is here largely removed, leaving the con- 
cretions in fallen masses. Associated with these are beds in which 
concretions have not been developed (No. XI). 

IX. Spherical nodules separated from the powdery matrix. 
X. Hard, platy, fetid, concretionary limestones associated with 

the above. Well-preserved fossils on the surfaces. 
XI. Soft, fetid, greasy, fine-grained, well-bedded, rather massive 

brown rock. Many fossils as hollow casts. 
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IX. X. XI. 

Insoluble residue ............... 1°23 3°01 1°80 
Water, organic matter, etc.... tr. tr. 1:00 
WMeG ates es. ee ee 0°18 0°60 0°75 
Or 8 is nr tun scone RCE 89°23 82°91 56°00 
Tm reg 2) 2 des i ena: 9°60 13°65 40°06 

"Potals: 7 sree 100°24 (100° 17 99°61 

LORD Es oh OS) wl ghc com 77°80 66°66 8°31 
Beplomabe: 205550) a ney, 21°03 29°90 87°75 

Fulwell Quarries, near Sunderland.— XII. Spherical 
concretions, measuring about an inch and a half in diameter. 

Sections of the concretionary growths show very little structure. 
If stained, rounded specks and fragments of dolomitic aggregates 
with included impurities are seen embedded in a dense, finely- 
erystalline, calcareous mass. The whole slide is frequently dark 
with ferruginous and organic material. 

XIII. Yellow powdery matrix associated with the above, occu- 
pying the spaces between the concretions. 

XIV. Aggregates of small concretions, about the size of peas. 
XV. Yellow powdery matrix, occupying the spaces between the 

above. It can be washed away, or blown away with ease when dry. 
XVI. The ‘ Great Marl-Bed,’ underlying the concretionary series. 

A brown, friable marly rock. It shows traces of concretionary 
action where it adjoins the overlying beds, but lower down the 
concretionary action has been entirely arrested. 
A section shows patches of allotriomorphic calcite-grains arranged 

in irregular streaks in the dolomite, from which the calcite is 
well separated. The dolomite develops rhombic outlines where 
it projects into the calcite. The slide is full of ferruginous 
and dirt inclusions; and quartz and tourmaline-crystals can also 
be seen. (See Pl. XXXVI, fig. 5.) 

<aT ori ts 15 Ce} ne. 7149 
Insoluble residue ... 1°26 2°65 1°42 4°11 5°02 
Pe Oy Cte. ci 2..048.« 0°45 1:26 0°47 1°22 2°41 
OO Bee rcs Pani 90°35 bbrad 88°13 55°62 55°69 
LCS ON ee 7°90 40°97 10°22 39°81 35°80 
ra atid A A GP 0°21 0°23 tr tr tr 

Totals . Fae ERS 100717 100°48 10024 100°76 98°92 

MERU ce steers. ns aes 80°95 6°59 75°96 8°23 13°07 
Dolomite... «i. f..! 17°30 89°75 22°39 87°20 78°42 

Byer’s Quarry, near Marsden.1—Most of this quarry 
consists of well-bedded, hard, calcareous, more or less distinctly 

1 Byer’s Quarry is the chief locality for the fauna of the Upper Lime- 
stones. The ‘bluestones’ here are reputed to be the purest calcite in the 
district. 
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concretionary ‘bluestones.’ Towards the top of the quarry some 
bands of a friable brown material (so-called ‘marl’) appear 
interbedded with the hard rock. This ‘marl’ passes directly, 
and with every gradation, into the ‘bluestone.’ I have seen lumps 
of ‘marl’ with centres of ‘ bluestone.’ 

XVII. Thinly and evenly-bedded, brown, friable material. When 
dry it crumbles into a fine powder, of which 99°45 per cent. 
passes through a sieve of 240 meshes per linear inch, leaving a small 
residue (No. XVIII). Fossils occur as perfect impressions, 
including mollusea, foraminifera, and plant-remains. 

XVIII. The residue from the above. 
_ XIX. ‘Bluestone.’ Fine-grained, grey, very hard, calcareous 
rock. Fossils occur as obscure casts. 

XVII. VIM XIX. 

Insoluble residue ............ 0°27 0°25 0°16 

RIED 5 4) ie ee ae 0°61 tr. tr. 
1S as Cs 0°59 2°20 0°19 
CORO 3 See 56°44 56°11 98°04. 
AED DO ee 42°54 42°48 ae 2: 

(6 i ars 100°45 101°04 99°82 

MUI YEAR oon we evs akee 5°79 5°54 96°34. 
CUMARADR ET poe sien oc ocak San 93°19 93°05 Pe 

Flexible Limestones and Similar Beds. 

XX. Marsden.—Thinly-bedded, typical eB Limestone. 
No fossils. 

XXI. Hesleden A thinly-bedded, flaggy, fairly- 
compact, yellow rock. No fossils, 

XXII. West Hartlepool Waterworks, from well-sinkings 
at a depth of 49 feet A flagey, extremely hard, rather absorbent, 
yellow rock. No fossils. 

A section shows very small and irregular dolomite- -gvains, yellow 
with ferruginous impurities. Calcite occurs locally. The quartz 
fills much of the space between the dolomite-grains, which in 
places develop rhombic outlines where they project into it. It 
may be of secondary origin, or may be a recrystallized residue. 

XX. XXII. XXII. 

Insoluble residue. 6°70 3°16 42°65 (89°71 °/, Sio,) 
Bes O 5 Ste ei xen 1°48 0°72 2°35 
Chole es! 50°37 54°96 31°78 
Hr 6. aie ae nie 41°71 40°94 23°70 
SG we Ns 0-11 0-17 tr, 

Totals. ...... 100°37 99°95 100°48 

Caloite.o55-<) uss. pes 0°71 6°22 3°57 
Dolomite ......... 91°37 89.68 51°91 
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Upper Shell-Limestones. 

Hesleden Dene.—The highest part of the reef. 
XXIII. A friable, bedded, very porous, yellow rock, associated 

with powdery material. Fossils scanty, and somewhat obliterated. 
XXIV. A bedded rock similar to the above, but the powder 

largely removed and the rock slightly segregated. It shows much 
internal deformation. Fossils plentiful in the less compacted parts. 

XXV. Bedded, partly massive, yellow rock, closely associated 
with the highest Shell-Limestones. It is full of hollow stellate 
cavities. No fossils. 

A stained section shows it to be a fine-grained oolite; the 
concentric structures are almost masked, owing to recrystal- 
lization of the dolomite. The nuclei of the oolites are finely- 
erystalline dolomite-aggregates dark with impurities. Calcite 
occurs disseminated through the slide. 

D OT: XXIV. XXV. 

Insoluble residue ............ OSL” 0°27 0°74 
Bab etOe is ee aes ae 0°25 0°39 0°23 
LO) Peace dN Meda hit ct 54°40 59:09 54°71 
[LE 6: aie i eee a eR 45°55 40°05 45°06 
8) hale CU) Saati Be ML Bact a tr: C7 l 0°06 

Pecaisees 59650. 8 100°51 100°51 100°80 

Cra Tuheu Sot he oe ee 0°05 11°41 1:06 
WV GIOMIES + oe ees hee wane 99°90 87°73 98°71 

XXVI. Castle Eden Dene—lIvy Rock section. A thinly- 
bedded, very porous and friable, yellow rock with casts of small 
fossils. It underlies a typical bryozoonal dolomite. 

XXVII. Blackhall Rocks. — A large-grained pea-oolite, 
overlying the Shell-Limestone conglomerate. 

A section shows large concentric oolites surrounding nuclei of 
small dolomite-aggregates. The matrix of the oolites shows a 
good deal of calcite. The concentric material is practically 
pure dolomite, but contains specks of deeply-staining calcite. 
(See Pl. XX XVII, fig. 4.) 
}) XXVIII. Blackhall Rocks.—Shell-Limestone conglomerate. 
A rock apparently very largely made up of bryozoa of the genus 
Thamniscus, the traces of which are almost obliterated. 

XXVI. XXVII. XXVIII. 

Insoluble residue ............ 0°21 0°57 0°29 

RR ne) ee 0°23 0°39 0:17 
RTD tae Pa on cic eh ante wt 55°17 64:66 54°16 
BEA een Alas sal eyices 45°04 34°57 45°75 
UNE a Rees er er gee 0-11 tr. tr. 

TL APERR ER WP at = os ea 100°76 100°19 100°37 

Calcite ........ MRS tar ck 1°55 23°50 0:00 
PIGIORIES OL sSOTE otc 98°66 Ya ae 99°91 
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Ryhope Asylum Quarry.—XXIX. ‘Gasteropod-reef” A 
friable rock, occurring in flaggy masses over a limited area. The 
uncompacted portions exhibit crowded masses of fossils, including 
gasteropods, Chiton plates, Nautilus, valves of Bakevellia, Arca, 
remains of bryozoa, etc. All the organisms are encrusted with a 
fine coating of dolomite. a: 
XXX. Underlying the above. A hard, white, highly-compact 

and crystalline rock, occurring in large irregular masses. Fossils 
are to a great extent obscured, but large Fenestellids are seen. 

XXIX. xxx 

Insoluble residue ......... 0°22 0°47 
2D Os CO a 0°44: 0°37 
Cie Oe 55°14 55a 
LS CC) eee 44°69 44°43 
SiS re 0°09 tr 

MDLES 65s Fosince 100°58 100°64 

[Sey a 1:93 3°68 
IDG TTL re 97°90 95°12 

Easington Colliery.—A quarry on the eastern slope of the 
reef. The Shell-Limestone has here undergone considerable segre- 
gation, and a small development of cellular rock is seen. 

XXXIJI. Normal unaltered Shell-Limestone. A rather friable 
white rock, almost entirely made up of bryozoa, small Strophalosia, 
and other reef-or ganisms. 
A stained section indicates that the organisms, especially the 

bryozoa, are very highly dolomitized, and show a cryptocrystalline 
structure. The matrix is chiefly dolomite, highly contaminated 
with dirt-inclusions, but also shows a good deal of calcite 
arranged along definite lines. In the material filling the cells of 
the bryozoa clear crystals of both dolomite and calcite are seen. 
(See Pl. XXXVI, fig. 3.) 
XXXII. Adjoining the above, and passing imperceptibly into it. 

Hard, coarsely - crystalline, irregularly - segregated, white rock. 
Fossils are almost entirely obliterated ; but, on careful examination, 
traces of Fenestellids can be detected. 

XXXITII. Occupying spaces in, and closely associated with the 
above. <A soft, brownish, incoherent material, crumbling when dry 
to a fine powder. About 99 per cent. of this passes a sieve of 240 
meshes per linear inch. 
XXXIV. Residue obtained on riddling the above. 
XXXV. Powder similar to XXXITI, but yellow in colour, — 

another part of the quarry. 
“XXXVI. Residue obtained on riddling the above. 
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XXXII. XXXII. XXXITI. XXXIV. XXXV. XXXVI. 
Insoluble residue . 0°20 0°08 1°14 2°28 1°92 0°50 
We 0, GC. vs. s. - 0°28 0°13 0°69 111 1:04 0°34. 

Mn0O,,0°21 
SL eas 55°86 96°64. 53°69 71°60 53°80 91°92 
ght hats oe 44°54 3°39 44°71 25°42 43°39 8:13 
~~ 0 ee baetaser £2 016 0°29 tr. 0°34. tr. tr. 

Totals ... 101:04 10053 100-23 100°96 100715 100°89 

Calcite” ............ 2°83 92°61 0°46 41°34 2°14 82°25 
Dolomite ......... 97°57 7°42 97°94 55°68 95°05 17:80 

Calcareous Shell-Limestones (Tunstall and Beacon Hills). 

The upper part of Tunstall Hill at the southern end consists 
of a brown, coarsely-crystalline, calcareous rock. From a part of 
the hill now largely quarried away, Kirkby obtained a rich and 
beautiful series of fossils! The rock occurs in large irregular 
masses, and changes through partial decalcification into a dark- 
brown, friable, powdery material, enclosing cavities lined with a 
white mineral allied to ankerite. This material shows much 
internal deformation, and the decalcification is accompanied by 
progressive obliteration of the fossils. 

Irregular patches and vein-like masses of a similar brown cal- 
eareous Shell-Limestone occur in the knoll of Beacon Hill, but 
the rock is more largely altered by decalcification. In both places 
the rock occasionally assumes a radiating concretionary structure, 
and is intimately associated with the dolomitic Shell-Limestone. 
It weathers in small fragments very differently from the dolomite. 

Tunstall Hill.— XXXVII. Hard brown crystalline rock. 
Full of bryozoa and other fossils. The larger fossils are formed of 
brown calcite, the smaller of a loose brown manganiferous powder. 
XXXVIII. Brown, partly decalcified material. Fossils obliterated. 
XXXIX is closely associated with XXXVII. A very hard, white, 

dense Shell-Limestone dolomite, retaining little trace of fossils. 
Beacon Hill.—XL. Dark-brown Shell-Limestone. It is 

partly decalcified, and the fossils are largely obliterated. 

XXXVIT. XXXVITI. XXXIX. XL. 
Insoluble residue ...... 0°10 0°19 0°24. 0°28 

AC ae Re 0°12 0°53 0°63 0°79 

1S RE, rR ae pore 0°66 6°47 — 5°88 
Me, Pec acigt Sac0 98°08 91°17 55°02 89°24. 
12 gee 1752 1:80 44:01 4°11 

2) Sa Oo see Caer e tr. tr. 0°33 0°18 

Totals, os. x 100°48 100°16 100°23 100°48 

GOS, hE: we dceadde tues 96°27 89°03 2°62 84°35 
Walcot 370 ets) woo 3°94 96°41 9°00 

1 Now in the Newcastle Museum. The late Mr. J. W. Kirkby considered 
Tunstall Hill the richest locality in England for the Permian gasteropods. 
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Lower Shell-Limestones. 

Claxheugh Quarry.—XLI. Crinoid-stems freed from their 
matrix. A section of the crinoidal rock shows it to be full of 
remains of organisms which are almost completely dolomitized, and 
have a cryptocrystalline structure. The matrix consists of closely- 
packed allotriomorphic dolomite-grains full of inclusions. Staining 
takes place locally, showing. the presence of a very small quantity 
of calcite ; but no well- defined grains are seen. Brown patches of 
impurities oceur. (See Pl. RRRVE fig. 2.) 

Ford Quarry, Claxheugh.—A development of collar rock 
occurs here on the flank of the reef, very closely associated with 
Shell-Limestone. 

XLII. Very fine, incoherent, crystalline powder filling the 
angular cavities. 

XLII. The hard cellular matrix enclosing the above powder. 

Rat, XE XLITI. 

Insoluble residue ...... 3°65} 2°41 2°04 
PORRGEGn ripe 0 5... 0°32 0°65 0°45 
CaCO, 25 da ee 52°26 54°21 93°35 

ee Ce 43°81 43°53 5°08 

WMouals! sob lh. 100°04 100°80 100°92 

Sts O10. |. eB6 87°31 
WOVOMUEC! bx... cece. ls. 95:97 95°35 11-12 

Blackhall Colliery Sinking.—Towards the base of the 
Shell-Limestone. 

XLI1V. This is an extremely-fossiliferous whitish rock, with 
a fully-developed reef-fauna, including Spirifer alatus. The 
shells are represented by a loose white powder. 

XLV. Highly-fossiliferous yellowish rock, completely built up 
of specimens of Camarophoria globulina, Pecten pusillus, and 
other forms. 

XLVI. Shell-substance of a Productus horridus. White, rather 
powdery material, retaining in part the original shell-structure. 

XLVII. Shell-substance of an Arca tumida. White, very 
incoherent powder, partly preserving the shell-structure. 

XLVIII. The mould filling the interior of XLVI. It was half 
filled with a compact, pale-yellow rock, enclosing remains of 
ostracods and other small forms. 

XLIV. XLV. XLVI. XLVI. Ae 
Insoluble residue ... 0°45 1°71 O11 0:28 1:45 
We 0: oto.ve. e512: 0°30 0:47 0:28 0:56 0°67 
ONnCOE Marat ek: 55°44 55°69 56°02 53°87 54°41 
MeCO. ear 43°94 42°98 43°77 45°05 43°17 
SOs racreeeieemacs ets 0°14 0-14 tr. tr. tr. 

Totala,.chke.. 100°27. 100999 10018 99°76 99°70 

Ca lintees cae 3:13 452 391 0°24 3:01 
Dolomites 262" UX. 96°25 94°15 95°88 98°68 94°57 

1 One of the crinoid ossicles was partly silicified. 

- 
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Hartlepool, Warren Cement-Works Boring. — Middle 
Beds, associated with a mass of anhydrite and gypsum. 

XLIX. Very hard and compact dark-grey rock, embedded in and 
impregnated with anhydrite, and containing stellate aggregates of 
anhydrite-crystals. 
A stained section reveals the merest trace of calcite. The an- 

hydrite occurs in big clear radiating crystals, often containing 
slight dolomite-inclusions. The dolomite consists of closely-com- 
pacted allotriomorphic grains with included impurities. It does 
not develop rhombic outlines where it projects into anhydrite. 
(See Pl. XXXVII, fig. 1.) 
L. Beneath the anhydrite mass. Dark-grey rock with specks of 

gypsum, but no anhydrite. Traces of gasteropods, Strophalosia, 
and bryozoa occur. 

Stained sections reveal large dolomite-grains, both allotriomorphic 
and idiomorphic, with faint dirt-inclusions—chiefly towards the 
centres. Very little calcite is present; but an occasional allotrio- 
morphic crystal occurs, and it is seen separating out in strings. 
Another more highly-gypsiferous section is made up of very small 
allotriomorphic dolomite-grains, dark with inclusions. Gypsum 
occurs in irregular patches, while the dolomite-crystals become 
very much larger and clearer, and develop rhombic outlines where 
they project into or ie in gypsum. (See Pl. XXXVI, fig. 1.) 

XLIX. L. 

Insoluble residue............... 1:93 2°32 
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Bedded Middle Series, on the Eastern side of the 
Shell-Limestone. 

The structure of these beds is now almost completely masked 
by the changes which they have undergone. A considerable 
mass of thickly-bedded dolomitic rock occurs beneath the Flexible 
Limestone in the coast-section between Ryhope and Sunderland, 
in which spongy calcareous structures are developed only to a 
moderate degree. Otherwise I have seen but three very definite 
patches of original material, all of which were analysed. 

The lowest part of this division at Trow Rocks includes a 
considerable extent of the true ‘cellular rock,’ resting directly 
upon well-bedded Lower Limestones. The line of demarcation 
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between these has been described by Dr. Woolacott as a plane 
of thrusting.! Between here and Marsden the upper part is asso- 
ciated with more or less definite ‘breccia-gash’ phenomena.” The 
gashes consist of fallen masses, both of segregated calcareous 
fragments, and of fragments of the overlying concretionary and 
bedded Upper Limestones mixed with dolomitic powder, collapsed 
into fissures and cracks formed in the undulating surface of the 
segregated and altered Middle Beds. me 

Along most of the coast-section where this division is exposed, the 
powdery dolomite has been washed away: consequently there has 
ensued collapse and brecciation of the remaining calcareous material, 
resulting in a bewildering series of unfossiliferous breccias which 
flank the eastern side of the reef. These calcareous breccias become 
in parts recemented, or have their interstices filled with superficial 
matter washed in. In some. cases, this material consists of powdery 
dolomite from other parts of the rock, simulating a reverse type of 
‘breccia’ to that of the true cellular rock, where the enclosed 
fragments are always more dolomitic than the cementing matrix. 

The thickness of these beds in the Marsden area is about 
120 feet. No fossils, except plant-remains, are known from the 
unaltered portions. 

Trow Rocks, near South Shields.—A patch of unchanged 
rock, about 30 feet wide and 20 feet thick, surrounded and overlain 
by hard, calcareous, cellular material which is quarried in great 
masses for pier-works at the mouth of the Tyne. Fine lines of 
incipient cellular structure are to be seen along some of the bedding- 
planes of the unaltered rock, and the mass merges laterally with 
every gradation into the adjacent hard, massive, cellular rock. The 
whole rests upon well-bedded Lower Limestone (No. LIV), very 
similar in composition to the unaltered Middle Beds. 

LI. Original, very thinly and evenly-bedded, porous rock, 
enclosing flattened cavities, after a soluble constituent, along the 
bedding-planes. Plant-remains occur. This rock is soft enough 
to crush between the fingers. 

The next two examples were taken where the above-described bed 
passes into the hard cellular rock. They consist of angular fragments 
of all sizes, of very incoherent yellow and white powder, cemented 
in a hard, grey, calcareous matrix. 

LII. The powder removed from the cavities. Practically all of 
it passes through a sieve of 240 meshes per linear inch. 

1 «Qn a Case of Thrust & Crush-Brecciation in the Magnesian Limestone 
(County Durham)’ Mem. Univ. Durham Phil. Soc. No. 1, 1909; and ‘ The 
Stratigraphy & Tectonics of the Permian of Durham (Northern Area)’ 
Proc. Univ. Durham Phil. Soe. vol. iv, pt. 5, 1912. 

Horizontal pressures acting from without would doubtless have an 
exaggerated effect upon such a rock as the Magnesian Limestone, weakened, 
first by leaching-out of sulphates, and secondly by washing-away of powdery 
dolomite. Such effects would not, in my opinion, be easy to distinguish from 
‘the internal displacements of the formation incidental to these changes. 

2G. A. L. Lebour, ‘On the Breccia-Gashes of the Durham Coast, &c.’ 
“Trans. N. Eng. Inst. Min. Eng. vol. xxxiii (1883) p. 165. 
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LIII. The calcareous investing matrix, removed by washing the 
owder from it. 
LIV. The Lower Limestone underlying the above beds. A 

yellow, thinly-bedded, compact, rather fissile rock. No definite 
fossils. 

af. LII. LITT. LIV. 

Insoluble residue......... 2°31 2°55 2°69 © 0°43 

oS ie eee 0°46 0°41 0°78 0°83 
0 0 tee 54°66 53°15 81°88 bo Le 
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Coast-section near Horden Burn.—A patch of original 
rock about 20 feet thick, extending for 70 yards at the base 
of the cliff. It underlies 40 feet of calcareous breccias, and at 
the southern end graduates into the calcareous beds. The first 
sign of alteration is the infilling of the empty stellate spaces with 
calcite, and the development of incoherent powdery material with 
obliteration of the original rock-structure. Then incipient spongy 
calcareous structures begin to appear in the bedded rock, and the 
powder becomes washed out. No fossils seen. 

LV. Fine-grained, soft, white, well-bedded, ‘soapy’ rock, full of 
clean cavities arranged in stellate aggregates, with very small 
lenticular cavities. 

LVI. Fine-grained, yellow, fetid, ‘soapy’ rock without cavities. 
It is massive in part, and closely associated with the above. 

LVII. Hard segregated material, developed in the above rocks 
towards the southern end of the section. 

LV. LVI. LVII, 

Insoluble residue ......... 1°99 3°14. Pgs 15 
Le SG oe ane ere ee ee 0°38 0°61 0°26 
220 0 ce Oa, 53°13 52°80 82°86 
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UA: A ee eG nese eee 0°46 0°58 65°50 
GION V5 Stee Ow 96°91 96°08 31°94. 

Bedded Middle Series, on the Western side of the 
Shell-Limestone. 

These beds, owing to greater denudation in the north, are con- 
fined to the south-western portion of the Durham Permian, where 
they cover a considerable extent of country. They are nearly 
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everywhere highly changed, being thereby distinguishable from 
the underlying Lower Beds. Original patches occur in most of the 
sections, and yield a scanty but very constant fauna. Unaltered 
beds are frequently massive, and very regularly stratified. The 
segregations often follow the lines of stratification; and 
subsequent removal of the powdery dolomite accentuates the — 
appearance of bedding, leading to irregularity and brecciation. 

Castle Eden Dene, near Devil’s Bridge.—LVIII. Fine- 
grained, well-bedded, friable, yellow, slightly fetid rock. Well- 
preserved casts of Astarte vallisneriana and other fossils occur. 

Castle Eden Dene, near White Rock.— LIX. Thinly- 
bedded, fine-grained yellow rock, interstratified with segregated 
material. Flat hollow spaces occur along the bedding-planes, with 
casts of serpulz, ostracods, and small bivalves. 

_ Sections of both these rocks (LVIII & LIX) exhibit loosely- 
compacted allotriomorphic dolomite-grains, with included matter. 
Staining shows a faint coloration round the margins of the grains. 
A faint general stain suggests that the inclusions are largely ealeite, | 
a surmise which is confirmed on examination with a higher power. 
Occasional calcite-groups occur. 

VIL. LIX. 
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Tuthill Quarry, near Haswell.—A small patch of original 
rock occurs near the base of a very big quarry-section of highly- 
segregated beds. Powdery material has largely disappeared towards 
the upper part of the section. Its position cannot be far above the 
top of the Lower Beds. Casts of the usual fossils occur in plenty. 

LX. Extremely-friable yellow oolite. 
LXI. Extremely-friable, fine-grained, non-oolitie rock, in rather 

massive beds. 

LX LXI 

Insoluble residue............ 0°02 0°12 
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Lower Limestones. 

Blackhall Colliery Sinking.—A_ yellow, well-bedded, 
friable, nodular rock, with loose powdery material between the 
harder nodular parts. No fossils. 

LXII. The fine incoherent powder. 
LXIII. The harder nodular portion, freed from the above by 

washing. 
EXT, LXIII. 

Insoluble residue............ 0:21 0°18 
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LXIV. Near the top of the Lower Limestone. Yellowish-white, 
well-bedded, rather soft rock with carbonaceous partings. Com- 
minuted bryozoa and plant-fragments occur. 

LXV. A very white, dense, compact, fine-grained, bedded rock 
without cavities. No fossils. 

LXVI. Near the base of the Lower Limestone... Hard, dark- 
grey, compact bedded rock, with irregular carbonaceous partings. 
Cavities, lined with a few small crystals of pyrite and calcite, 
occur along the bedding-planes. No fossils. 

Stained sections of the last two rocks show small, closely- 
compacted, allotriomorphic dolomite-grains, dark with inclusions 
of ferruginous matter, pyrite-grains, etc. A general stain ovel 
No. LXVI shows the presence of a good deal of calcite, gathered 
round the margins of the dolomite-aggregates, and also along 
straight lines passing in various directions. No. LXV shows less 
calcite, but the mineral is similarly distributed. 

. LXIV. LXV. LXVI. 

Insoluble residue ......... 0°15 0°12 101 
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Thickley Quarry, near Shildon.—LXVII. A smoke-grey, 
fine-grained, compact rock enclosing numerous well-preserved fossils, 
such as Productus, Spirifer, etc. This calcareous rock is regularly 
bedded, with little trace of internal movement. 

LXVIII. Shell of Productus from the above-described rock. 

Q.J.G.8. No. 278. E 
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It is preserved exactly as in a normal limestone, and has a fissile 
laminated structure. 

LXIX. About 5 feet above No. LXVII. Thinly-bedded, brown, 
rather compact dolomite, with traces of plant-remains. Occasional 
badly-preserved casts of fossils occur, and evidences of internal 
movement are apparent. 

Raisby Hill, near Coxhoe.— LXX. Near the base of the 
_Lower Limestone. A rather nodular, irregular, grey and brown 
bed. Hackly surfaces and other traces of internal solution and 
disturbance are seen. Fossils occur sparingly, preserved as 
No. LXVIII, also plant-remains. 

Sherburn Hill.—LXXI. About 10 feet above the Marl Slate. 
A well-bedded yellow, rather porous, hard rock enclosing a few hollow 
casts of ostracods and bivalves, with obscure plant-remains. 

LXVII. LXVIII. LXIX. LXX. LXXI. 

Insol. residue.. 0°63 nil 4°15 1°68 2°00 

Fe,O,, ete. ...... 2°66 0°30 1:93 0°37 1:23 
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Piercebridge. Riverside section—LXXII. Brown, rather 
friable, well-bedded rock, retaining traces of empty stellate cavities. 
No fossils. | 
High Coniscliffe-on-Tees.—LXXIII. Soft, yellowish-brown, 

friable, small-grained oolite. No fossils. 
Midderidge Quarry. A few. feet above the Marl Slate.— ; 

LXXIV. Well-bedded, dark, compact rock. It is traversed by thin 
calcite-veins, and shows some internal distortion. Twigs and fruit 
of Ullmannia are plentiful. 

LXXII. LXXIII. LXXIV. 

Insoluble residue............ 0°69 0°23 3°48 
Whe, Oeriee oka. sevice a 5 oi 0°48 0:31 0°63 
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Mar! Slates. 

Blackhall Colliery Sinking—LXXV. A dark flaggy rock, 
passing upwards into the Lower Limestone. 
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LXXVI. The typical dark-grey, soft, bituminous rock with fish- 
remains. 

LXxXV. LXXVI. 

Insoluble residue ............... 12°48 41°18 

Bituminous matter ............... 0°44. 13°92 

Los ie Naaman eee mre Pay 0°67 0°56 
OS a ae en ea Ne Ee Sm a raz 
8 RPE ANN Rt: Ye Se 48°60 22°91 

LE 9 Gg ReaD REP TS er oe eee 32°26 17°86 
aeRO is ep ” ee ae 0°46 1:83 

EPRI Oren eS eee oes 100°06 100°13 

UT ao Ol eas er ee eT eT 3 10°19 1°65 

PUTT! 5 ' 2. cassie Seder de age 70°67 39°12 

II. EvipENcCE BEARING UPON Dotomiric DEPOSITION AND 

ON THE DOLOMITIZATION OF THE SHELL-LIMESTONE. 

I do not intend to raise any theoretical questions regarding the 
origin of dolomites, in a paper intended to be purely a record of 
observations. I may say, however, that during the course of the 
present work the following considerations have suggested themselves 
as evidence supporting the view of the direct deposition of the 
greater part of the dolomite in the bedded Magnesian Limestones. 

(i) The general uniformity in dolomitic composition over wide 
areas of most parts of the formation, as indicated by analyses of 
those portions that have escaped segregation. In the dolomitic 
Lower Beds fossils are either absent, or only very sparingly present. 
In. some of the unaltered Middle Beds on the in-shore side of the 
reef small forms occur in plenty. It is only in a few of the Upper 
Beds that Schizodus, Liebea, and Chondrites occur in quantities, 

approaching a rock-building character. In very few of these cases 
do the organisms themselves seem to have become dolomitized, the 
-easts of the fossils being represented by clean hollow cavities, in 
contrast with the dolomitie powder which fills the shell-spaces in 
the Shell-Limestone. When rapidly covered up with sedimentary 
material, the organisms seem to have escaped dolomitization. The 
perfect preservation in pure dolomites of casts of such minute forms 
as ostracods shows that the probability of a wholesale obliteration 
of organisms through dolomitization having taken place in these 
bedded dolomites, is a very remote one. No trace of ‘ patchy 
‘dolomitization,’ except in parts of the reef, has been observed. 

(ii) Those beds that enclose hollow spaces, which I endeavoured 
to show’ were left by crystalline anhydrite-aggregates, consist in 
every case of nearly pure dolomite. If dolomitization had been 
effected through a secondary process, it would seem probable 

‘ Ona Mass of Anhydrite in the Magnesian Limestone at Hartlepool’ 

s 2 
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that these thin plate-like aggregates would become eroded or 
dissolved up again during the process. On the contrary, the edges. 
of these crystal impressions still retain a knife-like sharpness. In 
these beds, which are very widespread, especially in the Upper and 
Middle Series, a rapid deposition of anhydrite seems to have taken 
place concurrently with the formation of almost pure dolomite, in 
which the structures became embedded. 

(iii) Towards the lower parts of the thick anhydrite-mass at 
Hartlepool, where carbonates begin to appear, first in faint streaks. 
and lower down in thicker bands, their composition was found to: 
be that of a pure dolomite. If the dolomitization were of a 
secondary nature, one must presuppose the same process to have 
been in action when the conditions had so changed that a thick 
mass of anhydrite was being deposited, in order to convert every 
fragment of carbonate into dolomite. 

(iv) Stained sections of the oolites in the Magnesian Limestone 
indicate that in every case where the structures have remained 
unchanged,! the concentrically-arranged material surrounding the 
nuclei is practically pure dolomite. The frequent departure from 
the dolomitic proportions in bulk analysis of many oolites is due to 
the nuclei of the structures being of calcite, but whether this 
calcite is in every case original or not would be hard to say. I see 
no reason to assume that these dolomitic oolites originated otherwise 
than in the simplest conceivable manner, through deposition round 
nuclei moving under wave or cvrrent-action. No organic structures 
seem to have interfered with their perfectly regular growth. — 

None of these considerations would, however, preclude the 
possibility that dolomitization of the calcareous material took place 
either at the instant of precipitation, or during its passage through 
the waters of the sea. 

Carbonate of lime must have been present in the waters of the 
Permian sea, in order to supply the organisms of the reef with 
the large quantities required by them. It is conceivable, owing to 
the restricted distribution of the fauna, that only a portion of the 
carbonate would be withdrawn in this manner, leaving the remainder 
to form a direct precipitate. The conditions prevailing in the 
Permian sea seem, then, to have brought about the direct sedimen- 
tation of dolomite. 
At the same time, there is every reason to suppose that exten- 

sive secondary dolomitization was taking place in the submerged 
portions of the Bryozoan, Reef, resulting in the ultimate con- 
version of the greater portion of the Shell-Limestone reef into 
a mass of practically pure dolomite.?- Both analysis and micro- 
scopical examination show the material representing the tests 

1 Both oolites and their matrix sometimes become more or less completely 
calcified or silicified. 

* The reef in Durham extends over a distance of more than 20 miles, with 
an average width of about 2 miles, and an original thickness of about 300 feet. 
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of the organisms in the reef to be dolomite. The loose and 
incoherent nature of much of this material, however, indicates 
that, in the case of some of the larger shells, the process may have 
been a selective and partly incomplete one, the remaining calcite 
having been dissolved out. 

The Shell-Limestone reef must have been a very porous and 
loosely compacted structure. The matted masses of bryozoa 
formed a sort of protective roof, preventing the dolomitic 
sediment from filling up the interstices of the reef. The larger 
shells are frequently seen to have been only filled up in part 
with a dolomitic mould, consisting of decomposed fragments of the 
smaller organisms and other reef-débris, the material having been 
apparently injected into them in a pasty condition. It appears that 
the dead and decomposing remains of bryozoa were as susceptible 
of dolomitization as are the calcareous alge of recent atoll-reefs. 
At the present time, in the less compacted portions of the reef 
fossils are admirably preserved; while, in the compacted portions, 
the rock frequently becomes a hard, clean, structureless, crystalline 
dolomite. 

It is certainly a curious fact that large portions of the reef, 
notably at Tunstall Hill, should have retained their calcareous 
character, the more so, that these portions happen to be more 
highly manganiferous. The manganese dioxide seems to be original; 
but it is not easy to see in what way it can have exerted any 
influence, in retarding or arresting the dolomitization of portions 
of the reef. 

The weathered surfaces of these calcareous Shell-Limestones 
exhibit the utmost profusion of bryozoa and other forms, and there 
is nothing to indicate any change in the fauna, except the presence 
of a few rare forms which do not occur elsewhere. Gasteropoda, 
especially Chitonide, have occurred here in unusual profusion. 
These may, however, indicate a shallowing of the water over the reef, 
and thereby some connexion with the escape from dolomitization. 

LIV. SEGREGATION AND DEDOLOMITIZATION. 

The calcareous segregations observable in the Magnesian Lime- 
stone may be relegated to two main orders. 

(1) The true spheroidal conecretionary structure, chiefly de- 
veloped on a fairly definite horizon in the lower part of the Upper 
Limestones, but also toa slight extent elsewhere. The opinion that 
these structures are penecontemporaneous with the deposition of 
the beds has been generally held since Sedgwick’s time. The 
curious spheroidal, botryoidal, radiating, and other forms taken up 
by the calcareous material are due to distortion of the caleite- 
crystals, apparently under the influence of oily or bituminous 
organic matter. This matter may have originated through decay 
of the organisms in the underlying adjacent Shell-Limestone reef, 
with which the concretionary beds are rather closely associated. 



aid | . oe 

252 MR. C. T. TRECHMANN ON THE LITHOLOGY [June 1914,. 

The calcite and dolomite in these concretions and their matrix 
are, as a tule, less completely separated than in the concretions. 
of the next order. 

Fossils are generally well preserved in or upon the calcareous. 
segregations, but they exist only as empty casts in the adjacent 
dolomitic beds. 

(2) Irregular segregations, presumably contemporaneous with, 
and subsequent to, the removal of sulphates from the rock. Large 
tracts of Middle and Upper bedded rocks are changed in this way. 

Fossils are in most cases entirely obliterated—in the calcareous 
portions through recrystallization, in the dolomitic portions through 

_ the washing-down and degradation of the loose powdery material. 

The fine powdery matrix! is very similar in both types of con- 
cretions. Analysis indicates the proportion of dolomite in it to. 
range from about 87 to 90 per cent. in the: first type, and from 
about 95 to 98 per cent. in the second type. In the first type 
the material is homogeneous throughout; but in the second 
type the larger residue remaining after riddling is more calcareous, 
approaching the composition of the segregated portions of the 
rock. 

A microscopic examination of the small residue, which remains: 
after riddling the very fine material through a sieve of 240 meshes. 
to the linear inch, shows the nature of the powdery matrix of ~ 
the concretions to be as follows :— 

The greater part consists of aggregates of minute crystalline dolomite-grains ; 
in many cases, they occur as clear, colourless or yellowish, rhombic crystals. 
Some of the aggregates are coated and cemented together with a dark dendritic 
encrustation of manganese dioxide. Mixed with these occur much larger 
clear calcite-grains, often in the form of doubly-terminated scalenohedral 
crystals. Some are lying clear in the mass, singly or in aggregates. Others 
are coated with, and partly hidden by, the dolomitic grains, as though they 
were in the act of rejecting these during growth. Siliceous and other residues. 
lie loose in the mass. 

No analyses seem to have been made of the gypsiferous beds. 
bored through in the Seaton-Carew or other similar borings, and 
all the carbonates that I examined from a boring under a mass. 
of anhydrite at Hartlepool were dolomites. The question as to 
whether in former periods, in the presence of saturated or super- 
saturated solutions of calcium sulphate, the dolomite was as stable 
as it is under present conditions, or whether gypsum in any form 
can have assisted the segregatory migration of caleareous particles, 
remains a problematical question.” 

1 The German term Dolomitgruss or Dolomitasche is applied toa 
similar material consisting largely of minute dolomite-rhombs. I have seen 
it in cavities in rauchwacke in the Gera district, but never approaching the 
extent to which it is developed in Durham. German investigators seem to 
regard it as a residue left after solution of gypsum. , 

2 Calcareous replacement of dolomite to an abnormal extent is often visible 
in the vicinity of faults or other planes of movement, and would seem to 
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A certain segregation of gypsum is apparent in these rocks, where 
it often occurs in small isolated masses. 

Edward Wilson! quotes two evidently reliable analyses of 
Magnesian Limestones associated with gypsum, at depths of 154 
and 193 feet respectively below the salt-bed: one is dolomitic, 
and the other caleareous. The latter may be in the concretionary 
series; but, in any case, it seems to point to a calcareous segre- 
gation prior to the removal of sulphates from the rock. 

In every case in these borings, the rock seems to have been hard 
and compact through impregnation with gypsum, and no mention 
of powdery or ‘marly’ material is made in the records. 

The formation of botryoidal concretions can scarcely be taking 
place at the present day, but those of the second type may very 
probably be still in process of formation, and certainly mechanical 
dedolomitization is proceeding apace. 

Under existing conditions, the separation of the calcite and 
dolomite in the Magnesian Limestone seems to be entirely a 
question of differential solution of these two minerals. I have 
not been able to trace the slightest evidence of any leaching-out 
of magnesium carbonate from the dolomite of the rock, leaving 
ealcite behind it. However, the possibility of small quantities 
of dolomite having been removed by solution is not to be 
denied. The process is doubtless assisted primarily by the inherent 
tendency of the constituents of this and other ancient sedimentary 
rocks to revert to a highly-crystalline condition. A certain 
loosening of dolomite-grains would take place in such a rock as 

indicate that heat generated by the movement had some effect in assisting the 
segregation of calcite. It is especially well seen at a small fault cutting the 
Flexible Limestone, on the coast-section between Ryhope and Sunderland. 
There is no evidence of contraction, as the bed maintains a uniform thickness ; 
but the dolomite is gradually replaced by calcite, which first appears as 
calcareous granules along the lines of bedding, associated with a very fine 
incoherent yellow powder. The granules become more numerous and finally 
coalesce, until they forma hard mass still retaining the lines of bedding and, 
to some extent, the fissile nature of the original flexible rock. This hard 
caleareous rock becomes highly brecciated at the fault-line, and all 
trace of bedding is thus finally obliterated. All this change from flexible 
dolomite to a calcareous brecciated mass takes place within a space of 100 
feet. The initial and final stages were chemically examined, and the results 
are tabulated below :— 

Flexible Limestone. Hard calcareous rock. 

Insoluble residue ...... 0°88 1:04 
LCE SS ee ae 0°61 0°19 
NG ae eee ee 55°01 88°56 
UIE SI CANE Aa Oe 43°78 10°92 

atresia cess 100°28 100°71 

SES oo ocd Avie « 2°88 75°55 
Dolomite 22.2020. .52.; 95°91 23°93 

1 Q. J. G.S. vol. xliv (1888) p. 763. 
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No. L, merely by the leaching-out of the gypsum which im- 
pregnates it. 

Incoherent powdery material, of the nature just described, is 
apparent in nearly every exposure of the Magnesian Limestone in 
Durham. When developed on an extensive scale, however, it is 
always closely associated with calcareous segregations. It may be 
concluded, then, that the main factor concerned in the 
liberation of the powdery dolomite, is the withdrawal 
of interstitial caleite from the rock through former 
processes of segregation and, under present conditions, 
through the solvent action of percolating water. 

The greater solubility of the calcite in contrast with the relative 
insolubility of the dolomite under ordinary conditions, is clearly 
indicated by several observable facts :— 

(a) Geodes lined with large secondary calcites | are very frequent in friable 
dolomitic rocks. The cavities are apparently contraction-effects, and the 
presence of such calcite-lined cavities is a very certain sign of alteration in 
the rock. 

(b) Large doubly-terminated calcite-twins occur embedded in the dolomitic 
matrix of the concretionary structures at Fulwell, Byer’s Quarry, ete. 

(c) In some compact dolomites in the Lower Limestone, thin calcite-veins 
traversing the rock are seen on weathered surfaces as channels dissolving out 
more rapidly than the dolomite which encloses them. 

(d) The instance of the Knaresborough ‘ dropping well,’ where water passing 
through a porous dolomitic rock coats objects with a calcareous encrustation. 
(This instance need, however, scarcely be mentioned; also, it is not in 
Durham.) 

_ The conditions most favourable to the production of powdery 
material are those in which a relatively-small quantity of calcite 
exists disseminated through a highly-dolomitie rock, in which | 
it acts as a binding medium to a large quantity of dolomite- 
grains. Such conditions are present, to a great extent, in all 

‘ divisions of the Magnesian Limestone in Durham.? 
On the other hand, the condition which has allowed the escape 

of certain patches of the formation from the general process of 
segregation, collapse, and dolomite-removal which has overtaken 
so many beds, has been in many cases the local presence of an 
exceptionally large proportion of dolomite. In other words, on 
removal of the small quantity of interstitial calcite, the dolomite- 

grains still remain so closely interlocked that the tendency to 
collapse and become washed down is overcome. In such cases, the 
mass of incoherent dolomite-grains may still retain the impressions 
of enclosed fossils more or less faithfully preserved. 

The bedded rocks still enclosing casts of Astarte vallisneriana 
in Castle Eden Dene are theoretically pure dolomites. In certain 

1 Dolomite never occurs thus. I have found nests of small dolomite-rhombs 
loosely filling rounded cavities in some beds, having seemingly grown in a 
matrix of gypsum now dissolved away. 

2 A similar feature has been observed by Mr. E. E. L. Dixon in the case of 
Carboniferous dolomites, Q. J. G. S. vol. lxvii (1911) p. 314, 
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dolomitic fragments among segregated calcareous beds in Haswell 
Quarries, Byer’s Quarry, and elsewhere, the rock enclosing perfect 
impressions of shells or even plant-remains is excessively friable. 
When the material is freshly taken from the quarry, the capillarity 
of the enclosed water holds the grains together ; but, on drying, the 
mass crumbles to powder at a touch. 

The Flexible Limestone of Marsden (No. XX) consists of minute, 
loosely-compacted dolomite-grains with siliceous and argillaceous 
residues, and owes its flexibility to movement between the grains. 

On a more extensive scale, many of the highly-dolomitic upper- 
most beds (Hartlepool and Roker Series) have escaped alteration. 
The quantity of interstitial calcite is so small that very little 
segregation can take place, and the resulting disturbance of the 
dolomite is correspondingly slight. 

In a sample of Lower Limestone, however, the slight segregation 
or concentration of calcite, indicated in analysis by a difference of 
about 0°5 per cent., suffices to release a considerable quantity of 
dolomite from a nearly dolomitic rock. This specimen (Nos. LXII 
& LXIII) is from a depth of 725 feet in Blackhall Sinking. 
The removal of such powdery dolomite has caused much of the 
nodular structure and internal bending seen in the Lower Lime- 
stones at the surface. 

The segregated Shell-Limestone at Easington (Nos. XXXI- 
XXXVI) is of interest, because so numerous are the fossils that, 
neither in the calcareous segregations, nor in the powdery material, 
are they completely obliterated—showing that both these materials 
have resulted from a change in the Shell-Limestone similar to that 
adjacent to them. 

Careful sampling and analysis, and reduction of the results to 
terms of calcite and dolomite, indicate that the removal in one 
ease of about 2 per cent. of calcite from the rock, in another 
case apparently the mere recrystallization of the interstitial calcite 
in the powdery mass, suffices to bring about the collapse of the 
dolomite-grains, with an all but complete obliteration of the fossils. 

It is often difficult to form an opinion regarding the original 
composition of several now highly-segregated calcareous beds. In 
some parts of the concretionary series, in Byer’s Quarry for instance, 
segregation has taken place so evenly along the bedding-planes 
and the powdery dolomite has been removed so gradually, that 
very little brecciation has resulted from the settling-down of the 
calcareous material. In such cases, it is easy to assume a highly- 
calcareous original nature for the rock; but the presence of 
occasional remaining fragments of uncollapsed dolomite-powder 
retaining perfect fossil-impressions suggests a different inference. 

The original dolomitic nature of such beds probably approxi- 
mated to that of adjacent beds where the development of 
concretionary structures has been arrested, as noticed by Prof. E. 
J. Garwood,! by the marly and sandy impurities present in the rock. 

1 ‘Origin of Concretions in the Magnesian Limestone of Durham’ Geol. 
Mag. dec. 3, vol. viii (1891) p. 435. 

Ce 
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The washing-away of powdery material from the rock entails 
also the withdrawal of small quantities of calcite, quartz, and other 
constituents present in it; but the quantity is so small relatively to 
the dolomite, that the remaining rock’ is always left ina very much 
more calcareous condition than before. The somewhat anomalous 
effect is thus attained, of a partial decalcification resulting in 
a widespread removal of dolomite and enrichment in calcite 
of the formation. As already stated, this mechanical removal of 
powdery dolomite is the only observable process whereby the 
dedolomitization of the rock on an extensive scale is effected. 
It is also a very powerful agent in the breaking-down and 
disintegration of the rock. 

The powdery dolomite is generally so extremely fine, that a very 
feeble current of water would suffice to carry it through the inter- 
stices of the rock. In all newly-opened quarries or sections in 
segregated or cellular beds, the powder can be seen in process of 
removal. A shower of rain washes it in quantities out of the rock, 
after which it hangs on the rock-face in large dried masses. The 
small earth-tremors often felt at Sunderland and elsewhere on such 
beds are attributed to settling-down consequent upon this removal. 

V. Tuer ORIGIN OF THE CELLULAR STRUCTURES. 

The true cellular structures are most conspicuously developed, as 
already stated, in the cliffs at Trow Rocks near South Shields. 
They also occur on a much smaller scale at several localities on the 
eastern slope of the Shell-Limestones (Ford Quarry, Easington 
Colliery, Down Hill, ete.), where the reef merges mto the bedded 
equivalents on its flank. Every gradation can be traced from the 
Bryozoan Reef-dolomite, through the cellular rock, to the caleareous 
segregated fragments which have suffered collapse and brecciation, 
consequent on more or less complete removal of powdery dolomite. 

Before the origin of these structures is discussed, a few of the 
outstanding features observable on a critical examination of them 
may be noticed :— 

(1) The cementing material is always more calcareous than the enclosed 
‘fragments, and is very inconstant in composition. 

(2) The fragments are angular, and quite irregular in shape and size. 
(3) Bedding or lamination is often apparent in the angular fragments, or 

is seen on the sides of the cavities whence the powdery material has 
been removed. 

(4) The interior walls of the cells, when emptied, are generally seen to 
have a rough and irregular surface, as though a later deposit of 
calcite-grains derived from the enclosed fragment had taken place 
upon them. 

(5) The powdery material differs in no way from that associated with 
other forms of calcareous segregations, except that, being enclosed 
in a cell, it has no ready means of escape. 

(6) I have never seen what has been termed a ‘ negative breccia.’ On 
exposed surfaces and near cracks and fissures, the powdery dolomite 
is generally removed completely from the cells; but, on freshly- 
broken surfaces, the cavities are always either loosely or compactly 
filled with powder. 

Oh Sam 
- ‘TV 
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A separation of calcareous material along lines, presumably of 
tension or weakness, in the Magnesian Limestone frequently leads 
to an appearance of brecciation. The process in an incipient stage 
can be seen in many thin sections of dolomitic rocks, showing no 
trace of brecciation, when stained with Lemberg’s mixture, as thin 
ealeareous lines passing in various directions. The calcareous ribs 
thus induced seem to act as nuclei for further segregation, and 
gradually to divide up and isolate angular fragments of the rock, 
which by the withdrawal of interstitial calcite become reduced to 
an incoherent dolomitic powder. In some cases, I have seen cal- 
careous ribs, obviously of later origin than the main development 
of the cellular structure, passing straight through both the spongy 
cellular material and a dolomitic fragment embedded in it. 

Many, therefore, if not all of these structures may, in my opinion, 
be classed under the category of pseudo-breccias. 

An alternative view that these angular structures are of clastic 
origin deserves notice. At the outset, it will be clear that the rock | 
whence they were derived must have been in a very different con- 
dition of hardness, through impregnation with gypsum or calcite, 
from its present condition. The smallest pressure now suffices 
to reduce to powder either the original unbrecciated bedded rock 
adjacent to it, or the fragments enclosed in the cells. 

A possible mode of origin is some such process as the following. 
In the Magnesian Limestone found by boring beneath the thick 
anhydrite-bed at Hartlepool already mentioned, occurred angular 
breccias of a hard, dense, highly-dolomitie and gypsiferous rock. 
The fragments were slightly separated, and cemented by secondary 
gypsum derived from hydration of the overlying anhydrite. This 
secondary gypsum might become replaced by calcareous material 
derived from other parts of the rock. A subsequent complete 
leaching-out of more soluble constituents, including all the gypsum 
from the enclosed fragments, would result in a calcareous matrix 
enclosing angular masses of more or less compact dolomite, similar 
to that which occurs in the typical cellular rock. 

VI. Tue InsoxtusBLeE RESIDUES. 

The residues of so problematical a formation as the Magnesian 
Limestone merit a special investigation, and only a few points can 
be mentioned here. 

The comparatively large residue found in the dolomite embedded 
in anhydrite (No. XLIX) is difficult to account for, in view of its 
absence in the adjacent anhydrite,! and would seem to indicate 
that much of the quartz in the Magnesian Limestone is of non- 
detrital origin. Certainly, the quartz-grains enclosing pyrite- 

1 Several lumps of anhydrite were dissolved up without any residue being 
found. 
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crystals, occurring in this and other residues, can scarcely be 
detrital. 

The absence of residue in the anhydrite! points to the view that 
this substance originated in a manner distinct from the rest of the 
material deposited from the sea-water. 

At certain periods, it seems, a deposit of siliceous material took 
place. Silica, in the form of compact or friable nodules of chert, 
occurs in several beds, but chiefly in the Middle bedded rocks on the 
eastern side of the reef. In many cases, these nodules merge with 
every gradation into the surrounding dolomite ; in others, on removal 
of the dolomite, they occur as mere angular fragments embedded in — 
recemented calcareous breccias. 

The increase of siliceous residue found, in several powdery 
dolomites (Nos. XXXIII & XXXV), above that in the parent 
rock whence they were derived, seems to indicate that the change 
was sometimes accompanied by a slight concentration of silica, 
tygether with a decomposition of the micaceous, felspathic, and 

_ pyritous portions of the residue. 
As a rule, the Shell-Limestone, in common with reef-accumula- 

tions, is very deficient in residue—sufficient evidence of the absence 
of silica-secreting organisms. Generally it contains a larger pro- 
portion of heavy minerals and a smaller quantity of quartz than. 
most of the bedded rocks. A typical Shell-Limestone residue is 
that of No. XXXI: it contains occasional large idiomorphic 
quartz-grains; large flakes of a white mica, showing consider- 
able decomposition ; pyrite, with ferruginous material, frequently 
pseudomorphic after it, resulting from its decomposition; tour- 
maline and zircon-grains ; and occasional small cubical fluorites. 

That found in the adjacent powder derived from it contains 
irregular quartz-grains. Hardly any mica, or pyrite, or ferruginous 
minerals occur; but tourmalines and zircons are present. 

The general scantiness of residue that could be regarded as 
detitral suggests, either the existence of arid conditions over the 
adjacent land, or that the drainage into this part of the Permian 
sea did not affect the clayey and sandy Carboniferous strata 
presumably exposed round its margins. This is the more noticeable, 
seeing that plant-remains? occur in all divisions of the Magnesian 
Limestone (except in the reef), where the beds are sufficiently un- 
altered to allow of their preservation. 

Regarding detrital residues, an examination of the residues in 
relation to the dolomitic nature of the more littoral beds of York- 
shire and Nottinghamshire would be interesting. It is evident in 
Durham that in the Lower Limestones the residues appreciably 
increase as we pass westwards and approach the old shore-line. 

1 The conditions of deposition of anhydrite from solution were found by 
‘Van *t Hoff to be of a strictly limited nature. They suggest the formation of 
anhydrite in the upper, concentrated, and heated layers of the sea in seasons 
of exceptional warmth and desiccation. 

2 These are presumably drifted, although the twigs and fruit of Ullmannia, 
so plentiful in some beds, might be wind-borne. 
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VII. SuMMARY OF THE GENERAL CONDITIONS OF DEPOSITION. 

The Marl Slate and Yellow Sands have been so thoroughly 
described by Prof. G. A. Lebour! and others, that there is little 
for me to add, except a few words about the Marl Slate: it under- 
lies the whole Magnesian Limestone area of Durham. It is from 
3 to 8 feet thick, and is variable in composition. It represents a 
widespread area of tranquil deposition of very thinly-laminated 
dolomitic and calcareous marl, into which dried, distorted, and partly- 
decomposed fishes with occasional amphibians and reptiles, plant- 
remains, coprolitic matter, and shells were periodically drifted, 
probably from estuarine areas in process of desiccation near land. 
I do not think that it is itself a lagoon-deposit, since neither 
sun-cracks, ripple-marks, nor false-bedding have been detected in 
it. Its equivalent, the German Kupferschiefer, is regarded as a 
deep-water deposit in the relative sense of the term. 

The calcareous beds with a brachiopod fauna, which occur near 
the base of the Lower Limestones in the south-western Durham 
area, are due to conditions of deposition during which the process. 
of dolomitic precipitation or of dolomitization was temporarily 
arrested. The calcareous bed at Thickley Quarry is a lenticular mass 
interbedded with the dolomite. Examination of partly-decalcified 
surfaces shows that the rock is very largely composed of small 
shell-fragments, although thin sections reveal very little structure. 

The 60 feet of calcareous beds near the base of the Lower Lime- 
stone at Raisby Hill are probably of similar origin, but traces of 
organic structure are less apparent. Similar beds occur near 
Masham in North Yorkshire. Otherwise, the Lower Limestone in 
all its divisions shows a highly dolomitic composition. In Blackhall 

Sinking, all the beds were dolomitic throughout the 250 feet of 
the Lower Limestone. 

Owing to the comparative absence of soluble sulphates, the 
segregational changes have been slight, compared with those in the 
overlying beds; and the Lower Limestone retains toa greater degree 
than any other division of the Magnesian Limestone its original 
condition of deposition. Oolites only occur in this division near 
the Tees, where the Durham facies merges into the more littoral 
facies of Yorkshire, in which area oolites are conspicuously developed 
in the Lower Limestone. 

Increasingly abnormal conditions are at once apparent in the 
Middle division, with its long meandering line of reef assuming a 
true knoll-like aspect on its eastern flank, made up of an enormous. 
accumulation of now-dolomitized organisms, and in their progres- 
sive extinction, species after species, on ascending in the reef. The 
reef was probably deposited about 10 or 12 miles away from the 
land. 

The Middle Beds flanking the eastern and western sides of the 
reef, in which most of the cellular structures occur, have already 
been described. 

1 <The Marl-Slate & Yellow Sands of Midtivaibondand & Durham’ Trans. 

N. Eng. Inst. Min. Eng. vol. liii (1902-1905) p. 18. 
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The Flexible Limestone is confined to the northern area, east of 
‘the reef. It represents a largely detrital deposit, recalling in some 
ways the conditions of the Marl Slate. | 
The beds in which concretionary botryoidal structures are de- 

veloped, were probably of a rather more calcareous nature than the 
higher beds of the Upper Limestones. 

The eastward retrogression of the Upper Limestones with respect, 
probably to the Middle, and certainly to the Lower Beds, deserves 
notice, because it has some bearing upon the composition and 
lithology of the beds themselves. In South Durham the western- 
most outlier of the Lower Limestone occurs at least 17 miles to 
‘the west of the Upper Limestones, which are here thinning rapidly 
and changing in character. An examination of the Geological 
Survey maps of Yorkshire and Nottinghamshire, where the Upper 
Limestones are mapped, shows a similar retrogression. In Durham 
‘the upper beds, especially the concretionary division, thicken on 
passing eastwards from the reef, while the thickening of the 
Magnesian Limestone as a whole in Nottinghamshire, on retreating 
both eastwards and northwards from the shore-line, is noticed by 
several authors. 

This retreat of the Upper Limestones is explicable, not by any 
theory of uplift, but by that of the shrinkage of the limits of the 
Permian sea, following on increasingly arid conditions with con- 
sequent evaporation and failure of the water-supply. The highly- 
-dolomitic nature of the Highest Limestones in Durham points to 
‘the latter effect, while the great development of oolites in these 
beds may indicate the proximity of tidal or surface-movement of 
‘the water. : 

As regards the eastward thickening of the Upper Limestones on 
retreating from the shore-line, 1f the Magnesian Limestone be in 
reality for the greater part a deposit from the waters of the sea, i 
then the greater the volume of overlying water, the greater will | 
be the quantity of material deposited, especially from the very 
-concentrated waters of the Upper Limestones. The consequence 
will be a thickening of the deposits on reaching deeper water. 

Regarding the hidden salt-deposits of South Durham little can 
be said, except that their Permian age was established by R. Howse,! 
-on the discovery of the three characteristic Upper Zechstein fossils, 
in an intensely dwarfed condition, in a dolomite-band closely asso- 
‘ciated with the Salt Measures. 

Prof. Lebour? remarks upon the limited westward extension of 
‘the salt-deposits. They represent, in fact, the final phase in the 
sequence of events traceable throughout the Magnesian Limestone, 
and are probably a fragment of the western margin of the great 
German Upper Zechstein salt-field. In the records of borings 
there is every indication of a perfect upward passage into the Bunter 
rocks. 

ae 

' Nat. Hist. Trans. North. & Durham, vol. x, pt. 2 (1890). 
* “Handbook to the Geology & Natural History of Northumberland & 

Durham’ Brit. Assoc. (Newcastle) 1889, p. 31. 
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| “At the final stage, the level of the Permian sea was probably 
ie considerably below that of the oceans. The basin thus formed, 
3 when the period. of desiccation finally gave place to a different set 

. of conditions, would form a convenient receptacle for the thick 
Bunter deposits, largely of torrential formation under desert 
conditions. The Bunter deposits, although transgressive, occupy 
an area closely corresponding to that of the Permian, so that an 
apparent upward passage, not only of Upper Permian, but of 
Middle Permian deposits might occur. If the middle deposits 
of the Permian consisted of material derived from the same source 
as the overlying Bunter, the break between the two might become 
very obscure. 

a The Keuper deposits are, of course, widely transgressive over all. 

i. VIII. Synopsis oF THE Matin Constituents oF DURHAM 
MAGNESIAN LIMESTONES. 
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EXPLANATION OF PLATES XXXVI AND XXXVII. 

[All the sections, except Pl. XXXVI, fig. 4, have been treated with Lemberg’s 
solution. The staining is not easily distinguishable in the photographs, on 
account of darkening due to carbonaceous impurities. ] 

PLATE XXXVI. 

Fig. 1, Gypsum and dolomite. Warren Cement-Works Boring, Hartlepool. 
Analysis No. L. The gypsum is of secondary origin through 
hydration of anhydrite, and the dolomite, otherwise occurring as 
allotriomorphic aggregates, develops rhombic outlines where pro- 

_ jecting into or lying in the gypsum. xX 25. (See p. 243.) 
2. Shell-Limestone. Claxheugh, near Sunderland. A bryozoonal and 

crinoidal reef-deposit. The organisms are almost completely dolomi- 
tized, and exhibit a cryptocrystalline structure. The circular object 
is a crinoid ossicle x5, (See p. 242.) 

Q. J. G: S. No. 278. T 
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Fig. 3. Shell-Limestone. Easington Colliery knoll. Analysis XXXI. Bryo- 
zoonal Reef. The bryozoa are completely dolomitized. In the cells 
occur aggregates of clearer calcite and dolomite. The matrix is 
dolomitic with a few calcareous grains, and is highly contaminated 
by dirt-inclusions. Xx 11. (See p. 240.) 

4, Caleareous Shell-Limestone. Tunstall Hill. Analysis KXXVIIL A : 
portion of the reef which has escaped dolomitization, though a few 
rhombs of dolomite are seen locally. The slide is made up of sections 
of bryozoa, brachiopoda, etc., in a mosaic of calcite. The darker — 
portions are due to the presence of carbonaceous and manganiferous 
material. XxX 4. (See p. 241.) poh ee . 

5. The Great Marl-Bed. Fulwell Quarries. Analysis XVI. Calcite and 
dolomite-grains, some of the latter developing rhombic outlines. 
The calcite tends to separate out along lines apparently of strain or 
weakness. X 7. (See p. 237.) 

PLATE XXXVII. 

Fig. 1. Anhydrite and dolomite from the base of a mass of anhydrite. Warren 
Cement-Works Boring, Hartlepool. Analysis XLIX. The anhydrite 
occurs as radiating stellate aggregates, in a hard, compact, dolomitic 
matrix. X10. (See p. 243.) ns 

2. Oolite. Sea-coast section near Castle-Eden Dene. The concentrically- 
arranged material is dolomite, and each grain is filled with an 
aggregate of brown allotriomorphic fluorite-crystals, probably of 
secondary origin. Xx 7. 

3. Oolite in the Upper Limestones. Hardwick Dene. Dolomitic oolites 
with centres formed of calcitic aggregates, lying in a very loosely- 
compacted dolomitic matrix. The light portions are original spaces. 
x 14. 

4, A large-grained oolite associated with Upper Shell - Limestone. 
Analysis XXVII. Blackhall Rocks. The concentrically-arranged 
material is nearly pure dolomite. Both the nuclei and the matrix 
are partly dolomitic, and partly calcitic. x 2°5. (See p. 239.) 

5. Oolitic bed in the Upper Limestones. Seaham Harbour. The larger 
' spaces are stellate cavities enlarged and obscured in the process of 
grinding the slice. Analysis VI. A fine-grained dolomitiec oolite, 
the centres dissolved out and the concentric structure almost 
obliterated through recrystallization of the dolomite in small 
allotriomorphic grains. xX 7. (See p. 235.) 

DIscuUSsrIoNn. 

Dr. J. W. Evans expressed his admiration of the Author’s 
careful and detailed work, that formed the foundation of the paper 
and was in agreement with the conclusions at which he had arrived. 

He objected to the use of the word dedolomitization in con- 
nexion with the Magnesian Limestone. The term was originally 
employed for the process by which, in, the course of thermal 
metamorphism, the magnesia was removed from a dolomite and 
converted either into periclase or into a magnesium silicate, leaving 
behind pure carbonate of lime. In the case of the Magnesian 
Limestone there was absolutely no evidence that magnesia had 
anywhere been abstracted from dolomite. The removal of dolomite 
in the form of powder was a different process, similar to any other 
process by which dolomite was eroded without decomposition, and 
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could not properly be defined as dedolomitization. He enquired 
whether the Author did not think it possible that the oolite-grains 
had been originally formed of carbonate of lime and subsequently 
dolomitized by the concentrated sea-water, so that the calcite that 
formed the core of some grains was original. 

He understood from Prof. Kendall that the first suggestion that 
the cavities in the Magnesian Limestone might be explained by the 
removal of gypsum in solution was made by Mr. Ernest Guy.! 

The AurHoR, in reply, said that the concentric material sur- 
rounding the nuclei in the oolites is always practically pure 
dolomite ; in fact, it is among the purest dolomite that occurs 

- in the formation. No trace of originally calcareous oolites was 
noticed. The nuclei of oolites are sometimes dolomite and some- 
times calcite, and this calcite may in some cases be of secondary 
origin. ‘The evidence is in favour of the dolomite of the oolites 
having been deposited as such. 

Referring to the use of the word dedolomitization, the cube 
term that he could suggest to define the process of washing- 
out of powdery dolomite was mechanical dedolomitization. 

He thought that the former presence of sulphates in the English 
Magnesian Limestone may have been suspected by many observers, 
but he could not say by whom the idea was first expressed. 

[Sulphate-bearing Magnesian Limestones were found many years 
ago in sub-Triassic borings in the Tees Valley, and have been more 
recently recorded in connexion with the sinkings to the concealed 
coalfield of Yorkshire and Nottinghamshire. The analogy between 
these gypsiferous dolomites and those at the surface can scarcely 
have escaped the attention of earlier observers. In Germany the 
Zechstein is still gypsiferous in many surface-exposures.—C. 7. T., 
May 26th, 1914. | 

1 Trans. Leeds Geol. Assoc. pt. xvi (1911) pp. 10-15. 
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10. The Gronoey of the Country around Huntly (ABERDEEN- 
SHIRE). By Witt1am Rogert Wart, M.A., B.Sc., F.G.S. 

(Read January 21st, 1914.) 
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I. InrrRopvuction, 

THe district of which the geology is here described lies north and 
west of the Burgh of Huntly in Western Aberdeenshire. The 
general form of the area and its boundaries can be seen in the 
accompanying map (Pl. XL), which, with a few exceptions, 
includes all the localities mentioned in the following pages. 
Allrick Hill and the Glen Burn lie west of Clashmach Hill; 
the Hill of Milleath and ‘Torryhillock’ lie west of Broadland 
and Drumdelgie; Midplough lies north-east of Rothiemay Station 
and east of the Deveron. 

With the superficial deposits this paper is scarcely concerned. 
The depression situated east of the high ground of Mungo, Hill 
of Kinnoir, and Battlehill, occupies the site of a former lake, and 
the thick deposit of clay hides the junctions along the hollow. 
Round Huntly many pits have been opened in the river-gravels 
deposited by the Bogie and the Deveron. Boulder Clay and 
glacially-striated rock-surfaces occur sparingly. 

Cat. ~« AS 



Fig. 1.—Section a 

a the line ABC in the map (Pl. XL). 
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Phyllites 

Scales:- Vertical, 2400 feet =1 inch. 

1 mile, 

Horizontal, 1 inch 

Il. THe Foutatrep Series. 

Save in the north, where the 
igneous rocks are continued, the 
area in question is hemmed in by 
erystalline rocks, part of the ‘ Banft- 
shire Series’ of Mr. Hinxman } 
—consisting of quartzite, limestone, 
phyllite, and andalusite-mica-schist. 
These are well developed on the 
west of the area, while on the east 
occur phyllites, grits, and conglo- 
merates. 

On the east, the strike of folia- 
tion of these rocks: varies, from 
north and south in the north, to 
north 60° east in the south. The 
dip of the foliation is vertical, or 
inclined to the east at a high angle. 
On the west of the igneous area the 
strike of the foliation is extremely 
variable. In the south of the area 
it is to the west of north;: but, 
following the junction northwards, 
the strike swings round to the 
north-and-south line, and _ finally 
passes over, becoming near Sin- 
sharnie north 15° east and then 
north 70° east near Cairnie Church. 
Farther along the junction, it 
approximates to the north-east and 
south-west line. On the west side, 
the dip of foliation, though nearly 
vertical where the crystalline and 
igneous rocks approach one another, 
decreases to the west and is found 
to be directed eastwards. 

Traversing the crystalline rocks, 
but foliated with them, are several 
intrusions represented now by am- 
phibolites and _hornblende-rocks, 
serpentines, pyroxenites, and perido- 
tites. The amphibolites that occur 
in the west of the area only are 
well exposed along the Glen Burn 
in the south. Thence they can be 
traced through the Hill of Milleath 
‘to the Cairnie Burn in the north. 
Swinging round with the altering 

1 Mem. Geol. Surv. Scot. 1896 Explan. 
Sheet 75, p. 7. 
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strike, they are found near Binhall, as also below the farm of 
Whitehill and to the east of it. Of the rocks of Whitehill, some 
are found to belong also to the pyroxenites and others to the 
peridotites. All these rock-types are foliated. eas, i 

The serpentine-intrusions follow a parallel course, occurring in 
the south near Allrick Hill, south-west of Clashmach Hill, 
immediately east of the amphibolites, etc., of the Glen Burn. 
There is a large serpentine-mass at the Hill of Milleath and at 
‘Torryhillock.’ A third mass is found in the hollow between 
Mortlach and Whitehill, where the quarries show signs of movement 

Fig. 2.—Sketch-map showing the variation in strike 
of the foliated rocks of Huntly. (See p. 267.) 

[Seale: 2 miles = 1 inch. The heavy black lines indicate the 
general strike of the rocks. | 

in slickensided surfaces. Across the Deveron, a short distance 
north-east of Rothiemay Station, a fourth mass is exposed at the 
farm of Midplough. Most of these occurrences show the presence. 
of chrysotile (termed ‘asbestos’ locally). 7 

South and west of the area, similar bosses of serpentine occur, 
which, according to Mr. LL. W. Hinxman, show signs of crushing, 
and were therefore grouped by him as of pre-foliation age.} 

1 Mem. Geol. Surv. Scot. 1896, Explan. Sheet 75, p. 24; & ibid. 1890, 
Explan. Sheet 76, p. 25. 
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II1.. Tae Non-Fotratrep Ieneous Rocks. 

(1) General Characteristics. 

The period of great foliation did not, however, terminate the 
igneous activity of the region, as is proved by the presence of the 
non-foliated (acid and basic) intrusive rocks which form the subject 
of this paper. They lie in the concavity formed by the changing ~ 
strike of the foliation. Other non-foliated igneous rocks include 
muscovite-granite and pegmatites, lying (outside the area now 
under consideration) south and west of the Hill of Milleath 
among foliated rocks. To the action of these, or more probably of 
the serpentine, may be due the beautiful garnet-chlorite-schists of 
this area. Near the farm of Bogmoon, also, a non-foliated felspar- 
porphyry occurs in an area of foliated rocks. 

(a) The norite group.—In this area there are three non- 
foliated intrusions and a large number of associated dykes. The 
largest and earliest of these intrusions—a norite—extends from 
Fourman Hill to Battlehill. Passing out of sight beneath the 
alluvium about Huntly, it reappears with slight modifications in 
Bin Quarry. 

This type presents variations, both in texture and in composition. 
The normal intrusion is a norite with ophitic texture; but in 
Kinnoir Park it is a gabbro with granitic texture, and on the 
slopes of Mungo a finely-granular norite. A troctolite is also met 
with on the western slopes of Mungo. : 

On the west the norite appears to pass into olivine-gabbros, trocto- 
lites, and picrites. No line can be laid down separating these 
types one from the other, or separating the series, as a whole, from 
the norite. The western limit of the intrusions is sharply defined 
by an outcrop of hornfelsed mica-schists near Cairnford Bridge, 
west of the Deveron. A garnetiferous modification of the magma 
occurs, apparently 77m situ, near Drumdelgie; but the boundary 
north of this point is conjectural, until the northern edge of Bin 
Wood is entered. Here a series of contact-rocks is found lying 
on the south side of the Cairnie Burn. They can be followed for 
some distance, but are finally lost in the low-lying ground termed 
in the Ordnance Survey map Mortlach Loch. 

Of the various types in the western portion of the area, the more 
basic members occur farthest west. Thus the picrite is best deve- 
loped close to the margin, and occurs at the following localities :— 
Queels, Cairnford Bridge, quarry east of Broadland, Pyotbush, 
quarry near Lower Sinsharnie. In the last-named occurrence, the 
rock is closely related to the troctolite type.! An essentially- 
similar rock forms the main portion of the railway-cutting at 
Rothiemay, showing the quaquaversal dip of the flat joints. 

1 As used throughout this paper, the term picrite denotes an olivine- 
pyroxene-rock containing an appreciable amount of bytownite. 



. f ~T > ee a CG To Ba en ¢ ' Na Sr oe Bo oh 
. f 5? By ¢ ~ wily 44 

rtm Fen "J 
aa 2 

270 | MR. W. R. WATT ON THE GEOLOGY [June1914, 

East of the picritic type occurs the troctolite, which shows 
beautiful fluxion-banding. This is well seen in Craighead Quarry— 
with a similar dip—and at Lower Sinsharnie. Still farther east 
is found olivine-gabbro, adjoining the norite in both the Dun- 
bennan and the Bin-Hill areas. Fine olivine-gabbros also occur, 
but between troctolite and picrite, near Cairnford Bridge, and 
west of Dunbennan Wood, where they form crags. 

Having regard to the dip of foliation in the surrounding 
crystalline rocks, it becomes evident that these basic types of the 
post-foliation intrusion are grouped along the lower margin of the 
sill, as if differentiation had taken place under the influence of 
gravity. 

(6) The central intrusion.—The second great intrusive 
mass extends northwards from Broomhillock. Although having 
in part the composition of a norite, especially at its margin, 
it is clearly later than and intrusive into the norite already 
described, as contact-metamorphism occurs in the latter at the 
junction. The marginal facies of this intrusion shows slight 
mineral banding, probably due to injection, and is extremely fine- 
grained, as if it had been intruded when the norite was cooled. 
As it is composed of hypersthene and plagioclase, its brown colour 
and the parallel arrangement of its constituents serve to distin- 
uish it from the bluish fine-grained type of the earlier intrusion. 
Within this margin, and found mainly in the southern part of 

_ the intrusive mass, occurs a coarse non-foliated rock composed 
chiefly of biotite and felspar. The central and eastern portions of 
the mass consist of a peculiar rock possessing large garnets, in 
addition to the felspar and biotite. This rock is referred to asa 
garnetiferous monzonite, using the term monzonite in the 
sense in which it is employed by Prof. Brégger. | 

The distinct types found in this central massif are probably parts 
of one and the same intrusion. No sign of any contact-metamor- 
phism of one by the other was observed, and it is thought that, if 
the overlying contact-altered norite on the east were removed, 
a somewhat symmetrical arrangement about the monzonite 
type might be observed. What is possibly a further modification 
of this type is found in Cormalet Hill, where a normal diorite 
occurs, likewise intrusive into the earlier norite and into the 
crystalline schists. : 

(c) The Carvichen Granitite——The third main intrusion 
occurs in the extreme south-east of the area, and is known as the 
Carvichen Granitite. In the ‘gravel-pit’ on Cairnhill it is seen 
as a decomposed coarse ‘sand’ beneath the cap of hornfelsed 
phyllites that form the summit of the hill. The main exposures — 
are found in the quarries near Carvichen, but near Corsiestane an 
abandoned pit occurs close to garnetiferous grits. Many years ago, 
a quarry was worked opposite Lintmill, on the right-hand side o 
the Bogie. ie 
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Mention must be made of a highly-foliated rock occurring near 
Gibstone, and unlike any other hitherto described in this portion of 
the area. It consists in the main of quartz, augite, biotite, and 
andesine, but exhibits well-marked mortel-str Shae in section 
and foliation in the hand-specimen. Near Craigwillie there is a 
small patch of a dioritic type, not unlike the above, but it is not 
foliated. 

(d) The hypabyssal rocks.—As had been expected, many 
dykes, mainly pegmatitic, occur in the neighbourhood of the 
Carvichen and Avochie granite-masses. These are well seen in 
the quarries at Battlehill, and in the railway-cutting near Boghead 
of Kinnoir. At Ladysmith the veinsj from the Avochie mass 
effect considerable metamorphism. 

Basic dykes are mainly seen in the cutting at Rothiemay Station, 
where many are found to be much decomposed. A gabbro- 
pegmatite occurs near the Mission Kirk of Kinnoir, and a norite- 
pegmatite cuts the basic rock in the quarry near Broadland. 

From the central intrusion, dykes are found traversing and 
altermg the norite im the quarries at Haddoch. A pegmatite 
there is peculiarly rich in tourmaline, which occurs in crystals of 
considerable size, usually of triangular cross-section. Fairly often 
the crystals are terminated by rhombohedral faces.} 

"i The following results of the examination of tourmaline- crystals from a 
vein in the quarry at Haddoch may be recorded here :— 

Simple large crystals. 

Prism zone :— 

¥ eae L In oscillation. 
m (1010) | 

Termination :— 

d (5052). 

g (1012). 

z (0111). 
Parallel growths. 

As above in each individual. 

Hemimorphic crystals. 

Prism zone :— 

a (1120) 

m (1010) 
Terminations :— 

-(101 
fh O41 1) at + ec termination. 
ecoLi2) 

r (1011) at — c termination. 

In all cases m is more strongly developed than a, and the resulting cross- 
section is triangular. 

} In oscillation. 
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Tourmaline-pegmatites are not uncommonly associated with the 
later phases of igneous activity in this region. Other occurrences 
that may be cited are near Rhynie at Craig Cailleach and west of — 
Drumallachie in Kildrummy. 

(2) Petrography. 

(a) The bytownite-norite.—As was before indicated, this 
type, covering the largest area, undergoes several modifications of 
texture and mineral composition. Dark in colour and of medium 
grain, the typical norite is composed of hypersthene and basic 
plagioclase, together with monoclinic pyroxene, brown hornblende, 
biotite, and olivine; while small amounts of magnetite, pyrite, 
apatite, and zircon are found. Microscopic examination proves the 
texture to be markedly ophitiec. 

The hypersthene possesses negative birefringence, strong pleo- 
chroism, and many schiller inclusions, while its irregularly-bounded 
plates are frequently intergrown with a monoclinic pyroxene. The 
latter may also form a core to a hypersthene shell, or a ring round 
a hypersthene core, or exist as diallage. 

The felspar of the rock was determined from its mean refractive 
index. The Becke test being used, a liquid of the refractive index 
of felspar-flakes was obtained by mixing together monobromnaph- 
thalene and dimethylaniline. The refractive index of the hquid 
was then determined by an Abbé reflectometer for each mixture. 
In this case the average of several determinations gave p=1°567: 
this would indicate a felspar the composition of which lay between 
Ab,An, and Ab,An,—that is, a somewhat acid bytownite. The 
alteration of the felspar is slight, and little schillerization occurs. 
Twinning on both albite and pericline laws is very common. 

Olivine, usually in small rounded grains, is nearly always 
present in varying amount. Slight alteration to green or brown 
serpentine may occur, while reaction-rims between the olivine and 
the felspar are occasionally present. As in the olivines of the 
gabbro type, the rims are composed of two minerals, here too 
small for certain identification. The outer pale-green pleochroic 
mineral is probably actinolite. : 

Brown hornblende is widespread, though not common. It may 
crystallize out in parallel growth with the pyroxene, surrounding 
that mineral like a fringe. Behaving like the pyroxene, it may 
be ophitic to the plagioclase, or enclose small olivine-grains ; while 
it is often found as a border to small grains of magnetite. 
Similarly, biotite is of general occurrence, being most abundant in 
the neighbourhood of Bin Quarry. As it forms here especially 
along joints, its presence may be due to the later biotite-bearing 
central intrusion. It is strongly pleochroic in yellow, chocolate- 
brown, and red-brown. 

The only other noritic type in this part of Scotland that is 
known to me occurs near Rhynie in a small stream—the Broom 
Stripe—on the north side of the serpentine-mass of Towanreef. 

wer 
ae 
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This fine-grained sub-ophitic rock is composed of labradorite and 
pyroxene, both rhombic and monoclinic, together with some free 
quartz. The pyroxene may give rise to a secondary green hornblende, 
which, in the specimens from a neighbouring stream—the Stripe 
of Clashancape,—is the dominant ferromagnesian mineral. By 
some, this is considered to represent the original rock now in the 
condition of serpentine,! but it is really an unfoliated dyke-rock 
cutting the earlier foliated serpentine. It is thus comparable, not 
only in mineral composition, but also in age, with the unfoliated 
intrusions in the Huntly area. 

(6) The gabbro-picrite group.—tThe olivine-gabbro, the 
troctolite, and the picrite, which occupy the western portion of 
the area, are simply lithological variations of the noritic magma. 
Of the first type, the ollivine-gabbro, the essential minerals are 
felspar, olivine, and pyroxene, and to these brown hornblende, 
biotite, magnetite, and pyrite are to be added. Of secondary 
origin are serpentine, anthophyllite, and actinolite. 

_ As before, the felspar is rather basic, but the flakes examined 
from different gabbros show that the composition has a considerable 
range. Occasionally the mean refractive index reaches 1°570, but 
more usually the felspar is a labradorite with a refractive index of 
1-560 to 1°564. A slight turbidity may be noticed, and the more 
basic types show some schillerization. 

Of the two varieties of monoclinic pyroxene, diallage predominates 
in its characteristic form, its brown masses and grains being in 
marked contrast with the pale greenish ophitic variety. Rarely, 
the latter predominates. The rhombic pyroxenes are represented 
by pleochroic hypersthene, which, when present, is often associated 
with the diallage. Its comparative scarcity contrasts strongly 
with its abundance in the norite. 

From the serpentinized olivine. the usual fissures traverse the 
felspars, while the resulting serpentine, yellowish or greenish in 
colour, is (with the residual olivine) strongly charged with magnetite 
dust. Between olivine and felspar are developed reaction-rims of 
two or three minerals—anthophyllite and actinolite, with or 
without brown hornblende. The anthophyllite, distinguished by 
its straight extinction from the actinolite, and by its cross-cleavage 
from a rhombic pyroxene, occurs next the olivine. Outside this is 
sometimes developed a layer of brown hornblende, which, however, 
may be absent. Outside again, and next the felspar, pale-green 
pleochroie actinolite occurs. These rims may be of considerable: 
size: one had needles of anthophyllite 5-8 mm. long, followed by 
needles of actinolite of a length of 5°6 mm. 

The brown hornblende is usually charged with magnetite dust ; 
occasionally it forms a shell to the pyroxene, but it is much less 
common than in the norite series. Biotite is rare; occasionally 
it forms a ring round magnetite, as do actinolite and brown 

1 Mem. Geol. Surv. Scot. 1890, Explan. Sheet 76, p. 26. 
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hornblende, in which last cases the magnetite may represent original — 
olivine. 

In the Asem oeckood of Bin Hill—round the Elfhouse, for 
example—an olivine-gabbro occurs, which is marked by an increase 
in the amount of pyroxene and a corresponding diminution in the 
amount of felspar. 

In the troctolite and pier ite types, the dominant minerals are 
felspar and olivine, while the picrites contain in addition pyroxene 
and amphibole, as well as more abundant olivine. Among the 
troctolites two modes of weathering can be recognized :—(1) where 
the green serpentinized olivine occupies depressions among the 
resistant felspars; and (2) where the felspars have succumbed, and 
reddish olivines are found in relief. The latter type of weathered 
rock found near Broomhillock admirably displays the linear 
arrangement of the constituents. 

In addition to the minerals mentioned above, biotite, apatite, 
magnetite, and pyrite are found. Serpentine (green or brown) is 
produced in weathering, and, between olivine .and felspar, rims of 
anthophyllite or enstatite and actinolite occur. 

In basicity, the felspar varies from rock to rock, being more’ acid 
in the more acid rocks. Thus, in the troctolites of Bin Hiil 
and Inchstammack, where there is more felspar than olivine, the 
mean refractive index of 1:564 would indicate a composition of 
Ab,An,; whereas the banded rock from Craighead Quarry has a 
felspar whose mean refractive index of 1-570 indicates a bytownite 

- approximating to Ab, An,. 
In the troctolite forming part of the Rothiemay intrusion the | 

production of rims of fibrous amphibole has been greatly developed, 
and the remaining: felspar is either in part, or oe altered 
to prehnite. 

In the more basic types, lustre-mottling 1s well seen, due to the 
pecilitic inclusion of the olivines in pyroxene, amphibole, biotite, 
or felspar. Of the last, fine specimens are found in Sinsharnie 
Quarry, where the white decomposing felspar meanders among 
dark grains of serpentine. Though not arranged with any optical 
constancy, the olivine-grains often show a parallel elongation. 
Towards the felspars reaction-rims are found. The felspars are in 
this case basic, with a mean refractive index of 1:570. 

The chief pyroxene of the rock is augite, the rock thus being 
an augite-picrite. The augite becomes altered to a brown opaque 
mass, which peecilitically encloses serpentine-grains. At the same 
time, the felspars, besides being invaded by fibrous amphiboles, are 
largely altered, with the production of prehnite. With regard to 
the olivine—hypersthene, brown hornblende, and biotite behave in 
a similar fashion. The biotite is strongly pleochroic in straw- 
yellow and reddish-brown, and at the same time possesses a high 
birefringence. Besides magnetite and pyrite, mention must be 
made of pleonaste and chromite. 

The Rothiemay intrusion is similar to the others, although here * 
the main pyroxene is hypersthene. The felspar is not very abundant, 
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but is likewise peecilitic with the olivines. Here, too, are seen 
scales of a chloritic mineral and laths of actinolite, which are 
especially wellfrepresented in the reaction-borders. 

(c) The rocks of the central intrusion.—The chilled 
margin of this intrusion betrays its banded nature by the ease with 
which it splits along certain planes. It is fine-grained and 
yellowish, showing felspar, rare flakes of biotite, and another ferro- 
magnesian mineral, which microscopic examination proves to be 
a weakly-pleochroic hypersthene. The mineral banding is now 
seen to be due to the alignment of the minerals, their dvenbions 
of greatest length being parallel. The felspars are fresh, and the 
symmetrical extinction-angles would indicate that they are not 
more acid than a medium labradorite. Biotite is not abundant, 
but occurs with the pyroxene and grains of magnetite. A slight 
variation is afforded by a type near Broomhillock, where the 
hypersthene is often surrounded by a shell of faintly- -pleochroic 
yellowish-brown hornblende. Here, too, the foliation is less evident. 

The second type, much coarser and possessing a granitic texture, 
shows a yellowish felspar and_ glistening biotite. In section 
the mineral content proves to be extremely varied, for associated 
with the felspar and biotite that form the bulk of the slide are 
found rhombic and monoclinic pyroxene, hornblende, and quartz ; 
apatite, magnetite, and zircon lkewise occur. The plagioclase 
is now more acid, with a mean refractive index of 1°560: that is, 
a labradorite of composition approximating to Ab,An,. As 
compared with the normal biotite, the hypersthene is much 
less common—equalling in amount rather the pale-greenish mono- 
clinic pyroxene. The last is often accompanied by a pale-green 
hornblende that probably is original. In so basic a rock the 
presence of free quartz is noteworthy. 

Towards the centre of the intrusion, garnetiferous monzonite 
appears—much coarser in texture, and with garnets the average 
diameter of which reaches 1°3 cm. Quartz, felspar, and biotite 
are other important constituents; while zircon, apatite, sphene, 
indicolite, magnetite (often titaniferous), pyrite, and monazite 
also occur. 

Among the felspars are found orthoclase and the two plagio- 
clases, andesine and oligoclase. The plagioclases are occasionally 
zoned, and in all there is considerable turbidity due to decomposition. 
Chlorite is an alteration-product of the biotite, and often carries 
sagenite; it also accompanies the garnet. In this type occur 
micropegmatitic intergrowths of quartz and orthoclase, both as 
grains and as fringes to the felspar. At the same time the 
development of méortel-struktur suggests the operation of 
dynamic forces. 

The monazite occurs in small, biaxial, greenish-yellow, pleochroic 
grains, having a maximum iret ue O18 mm. It was, how- 
ever, possible to use a spectroscopic eyepiece, and identify the. 
didymium lines. 
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The second and third of the above-described rock-types have 
been analysed, and their approximate mineral composition calculated, 
as follows :-— | 

I ih 

SiO, ..... , ee 53°33 | 58°22 
(31) G HSU oie peo AE 1:24 96:2 
BARE ON eri, Wd chit on 0 18°09 19°60 
BMD Pec bik Ridsiicen, «ios 1°53 | "59 
LHC od ae ne Se ae 9°55 518 ; 
CUES dee a _— “19 
(SPN) OS — nt fds pe 
PAA RM emake a uitre!-,. — 04 
CF CS canie Seana 6:02 3°37 
WV CE ae 3°92 1:02 
ELL OS tO en ee LS? . 5°83 
Poo oben eee 3°72 364 
JiLOR CAN) Sie — nt. fd. | ete 
Mims Oat, L052 Oe. a... 12 4 

H,O above 105° ©. ... “40 . "84 
Li S02 CaS. he SSeS ae Sa 58 , 
1S el ey ea ee eae ee AS: . nt. fd 1% 

Motals*...356..3 99°49 i. 100-21 

I. Ordiquhill, biotite-felspar rock, east of Ferny Knowe. 
II. Ordiquhill, monzonite, west of summit. (H. G. Radley, Anal.) 

CM ATEZ Ne coe. 7°86 Quarta’: irtis.s) o/s eee 7°68 
SARE O oe cle viena are 30°92 Orthoclage® oi... cea 27°80 

Anorthite® 02... 19°46 Albite = ifo, uk el ee 30°91 
BHOE be) Ta 15°33 Anorthite.claee dk ees 11°68 
Diopside ......... 6°96 Biotate i aie ee 10°82 
Hornblende ...... 8:18 Garnet (05.5% ieee eee 8°05 
Hypersthene ... 610 Apatite” .2, uel Aue 1°24 
Magnetite, ete. . 4°07 | Titaniferous magnetite, ete. 1°60 

otal 2.77.4 98°88 Total, /.3 eee 99°78 

(d) The Carvichen Granitite—The rock composing this 
- Intrusion is pale grey, and shows a rude foliation due to the linear 
arrangement of the constituents, such as the’ biotite. Although 
it is used locally for building purposes, the quality of the stone 
varies greatly—from a hard and durable material to a ‘ gravel.’ 
The bulk of the rock is seen to consist of quartz, felspar, and 
biotite, to which a microscopic examination adds SaaS chlorite, 

1 T desire to express my gratitude to the Director of H.M. Geological Survey 
for permitting these analyses to be carried out in the Survey Laboratories. 
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muscovite, apatite, and zircon. The foliation is seen in section 
to be accompanied by slight mértel-struktur, due to movement 
during consolidation. 

The quartz with its aligned inclusions is perfectly normal, and, 
having crystallized at a comparatively late period, has been able 
to corrode the biotite to some extent. Both orthoclastic and 
plagioclastic felspars are represented, usually a little turbid, owing 
to the decomposition that has begun. Orthoclase is less abundant 
than the large crystals of microcline, while the plagioclases are 
represented by both andesine and oligoclase, the latter in small 
amount. Biotite is the only abundant ferromagnesian mineral, 
but presents no unusual features. It alters to a greenish chloritic 
mica, and is associated sparingly with muscovite. 

The rare pink garnets are associated with green mica altering 
to ordinary chlorite and ripidolitic chlorite. The zircons often 
possess a greenish-yellow colour strongly suggestive of monazite, 
but spectroscopic examination did not reveal any didymium lines. 

As in so many of the younger microcline-granites of the 
Highlands, there occur here also micropegmatitic intergrowths 
of quartz and orthoclase. In this rock there are two types, of 
which the rarer occurs as grains in the microcline. The other, 
embracing the bulk of the eutectic, belongs to the fringing type 
surrounding and projecting into the felspar.! 

The following analysis of the rock has been made :— 

III. 

SHG Sica aid. fsa ee ess 0s 72°30 
2 1G SN, Baas ae et ate 0°37 
NM CRE Sr ye oe ee 12°91 
PRGA ge Beek Seed and 2 0°59 
ID OS ee er ae tea eos 2°04 
a Ie Banh 2 sa np 0°10 
pS TE gta A nt. fd 
2) OAR ane Ae a 0°03 
NOG ES iach nh tiwss. SaaS ve 1°95 

BD echo yeibancioraaa-: 0°82 
GA Na: ela RR RO 4°63 
SUNN ysl eha os Anion 325° ne, ctl 3°68 
pe 0 EES Ss Oe ear Bal nt. fd 
St Oap 105 (Or) i ctdic 0°03 
H,O above 105° C. ...... 0°55 
PA cana eyis. oe Ae lotaa)«- 0°10 
US a aS Deas one nt. fd 

OUAL scree 100°10 

Ill. Carvichen Quarry. (E. G. Radley, Anal.) 

(e) The hypabyssal rocks.—Basic dykes on the east side 
of the Deveron are limited to the pegmatite occurring near the 
Mission Kirk, Kinnoir. In the quarry, this rock is largely 

1 W. Mackie, Trans. Geol. Soc. Edin, vol. ix (1908-10) pp. 274—75. 
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decomposed to a coarse dark ‘gravel’ surrounding several hard, 
more resistant, cores. In section these prove to consist of 
basic plagioclase, diallage, and hypersthene—the two last-named 
being often intergrown,—together with a little olivine, brown 
hornblende, and magnetite. The olivine has become serpentinized, 
while the felspar is slightly turbid. Very similar to this is the — 
norite-pegmatite traversing the basic intrusion in the quarry below 
Broadland. Here a pleochroic, schillerized, purplish hypersthene 
is the predominant ferromagnesian mineral, accompanied by brown 
hornblende, biotite, and magnetite. The plagioclase is slightly 
altered, but the light-coloured dyke has largely decomposed. 

In the cutting of Rothiemay Station, several dykes are exposed, 
not as a rule in a very fresh state. The least altered belongs to 
the norite group, with a pleochroic hypersthene and a sub-ophitic 
texture. In some cases olivine is developed, and the reaction-rims 
surrounding this mineral have attained such a size as to destroy 
the surrounding plagioclase—a destruction hastened by the 
development of prehnite. The rhombic pyroxene may be nearly 
colourless and very slightly pleochroic—an enstatite. In places 
it surrounds the olivine, and the actinolite corona is developed 
between the enstatite and the felspar. In this case a secondary 
origin can be ascribed only to the actinolite. Chromite is also 
present. — 

A dyke of a bright green colour is found to consist mainly of 
serpentine and scales of a chloritic mineral. Olivine-cores occur 
in the serpentine, while, separable from the scales of chlorite by 
their higher refractive index, occur laths of anthophyllite and 
actinolite. The chlorite polarizes in pale greys and yellows of the 
first order, and shows beautiful polysynthetic twinning—a type 
not uncommon as a secondary mineral in. dykes.! 

In the extreme east of the cutting occurs a fine-grained dy ke, 
composed mainly of labradorite and “secondary green hornblende. 
The margin of this dyke i is schistose and much decomposed, but 
noteworthy for the veins of prehnite that traverse it. In the 
development of prehnite’ and occasional schistosity, these dykes 
recall the features of many of those of the Lizard area.? 

Acid veins from the intrusions of Carvichen, Avochie, and 
Ordiquhill are very common, and call for little comment. They 
consist of quartz, orthoclase, andesine or labradorite, and biotite. 
Asa rule, the norite becomes altered to a rock containing basic 
plagioclase and green hornblende; as at Haddoch and the cutting 

- near Boghead of Kinnoir. 

1 ‘Geology & Structure of the N.W. Highlands of Scotland’ Mem. Geol. 
Surv. 1907, p. 209, &c.; ‘ Geology of Ben Wyvis, &c.’ Mem. Geol. Sury. Scot 
1912, Explan. Sheet 93, pp. 84, 117. 

3 Mem.. Geol. Surv. 1912, Explan. Sheet 359, p. 116. 



Vol. 70. | OF THE COUNTRY AROUND HUNTLY. 279 

IV. Conract-METaMORPHISM. 

(a) The Foliated Rocks. 

As a whole, the foliated crystalline rocks of the area have been 
little affected by the intrusion of these later igneous masses. At 
Cairnford Bridge, the evidence of contact-metamorphism in the 
phyllites increases rather to the west—that is, away from these 
intrusions and towards the foliated intrusions mentioned above 
(p. 267). The same is true, to some extent, of the exposures 
along the Cairnie Burn near Gilgatherbush Bridge. Contact- 
effects due to the later intrusions are, however, met with in Bin 
Wood south of the Cairnie Burn and the Church, and in Cumrie 
Plantation. On the south, very similar rocks are found near Ward 
and on Cairnhill. 

Somewhat different rocks, occurring along practically the 
same strike south-west and north-east of the area, are found on 
Clashmach Hill and on Fourman Hill. There the andalusite-mica- 
schist of the district to the south and west is met with: this, 
having regard to its mode of occurrence, may be the result 
of antecedent thermal metamorphism. On Clashmach Hill, this 
rather sandy rock was found to be largely composed of quartz- 
grains and biotite-flakes, together with some muscovite. The 

’ andalusite, as in the case of the similar type described from Buck 
of Cabrach by Dr. J. J. H. Teall,’ occurs in large micropecilitic 
erystals with inclusions of small biotites and quartzes. Garnet is 
also present. 

In the type occurring on Fourman Hill at Kitty Callin, there 
are the same dominant minerals, but the place of andalusite may in 
part be taken by cordierite, which also occcurs in large peecilitic 
crystals, enclosing quartz and biotite and showing numerous halos. 
With the andalusite also occur numerous small staurolites, often 
twinned. 

The phyllite of the district, as seen west of the footbridge at 
Cairnie Church and near Cairnford Bridge, consists of quartz, 
biotite, and muscovite often containing sillimanite-needles, with 
occasionally a little garnet, and felspars both twinned and un- 
twinned. The garnet may be anterior to the folding, as suggested 
by the behaviour of the biotite-flakes that bend round the resistant 

ins. 
Close to the junction with the later intrusions, rocks are found 

containing abundant garnet, sillimanite, cordierite, and biotite, the 
last-named preserving in its arrangement the original foliation. 
The sillimanite is, with one exception, of the fibrous variety, and 
is mainly associated, in tufts of highly-refracting needles, with 
the biotite. Such tufts occur in most of the rocks from Cumrie 
Plantation and from the neighbourhood of Ward, while they are 
well developed in the rock forming the top of Cairnhill. The 

1 Mem. Geol. Surv. Scot. 1896, Explan. Sheet 75, p. 36. 

Q.J.G.S. No. 278. U 
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exception is the occurrence of the platy variety of sillimanite in ~ 
the mica-garnet-rock found in the railway-cutting below Boghead 
of Kinnoir. Finer examples have been described in the aureole of — 
metamorphism of the Ross of Mull granite." 

The cordierite of these rocks calls for little remark. It is 
granular, seldom twinned, and may show an abundance of inclusions 
with, in most cases, the characteristic halo. 

The garnet is the ordinary ‘common garnet ’—a mixture of the 
lime, magnesia, and iron molecules, with the last predominating 
greatly. It is often full of quartz- and felspar-inclusions, and is 
the typical spongy garnet of a contact-rock. Occasionally, erystal- 
faces are rather well developed: one example from the slopes above 
Cobairdy showed the faces d(110) and (211). 

Although the felspars possess considerable range in composition 
—from oligoclase to labradorite—the majority are andesine 
and acid labradorite. Orthoclase and quartz are not infrequently 
intergrown to form ‘myrmekite,’ and the quartz may show fine 
hairs—in all probability rutile, asin the quartz of the Netherly 
diorite.* Staurolite is also present in these rocks. 
The rocks of Cumrie Plantation are interesting, in that they 
show signs of the planes of foliation in the numerous stages of 
absorption that occur among the xenoliths. Where a true hornfels 
has been formed, these can occasionally be detected by the develop- 
ment of bands of minerals—garnet-rich and cordierite-rich bands 
alternating. 

A different development is observed in the fine-grained rocks of a 
greenish hue found near Ward. Their colour is due to the presence 
of a pale-green hornblende, accompanied by cordierite, garnet, 
quartz, muscovite and biotite, and felspar. A further stage is met 
with on the slopes of Whitehill, Cobairdy, where the green horn- 
blende and the garnet are better developed, the faces of the garnet 
being well defined. 

In the cutting at Rothiemay Station are to be found two very 
different types. Here occurs between the two main masses of the 
intrusion a contact-altered rock, containing both cordierite and — 
hypersthene. The cordierite is uncommon, but not so the hyper- 
sthene, which, like the associated pyroxene (diopside), can be traced 
from a beautifully pleochroic variety to an indefinite aggregate. 
In part, at least, the presence of this mineral may be due to the 
impregnation of the crystalline rock by molten material, ‘which, 
however, has not sufficed to remove all the flakes of biotite. . 

Very different is the pale rotten material to be found on the 
north side of the cutting. Its white or pink coloration makes it 
easily distinguishable from the dark igneous rock. The foliation is 
well marked, and on fractured surfaces the presence of much biotite 
can be seen to impart to the rock its colour. In section, both fine- 

1 T. O. Bosworth, Q.J.G.S. vol. lxvi (1910) pp. 376-96. 
2 W. Mackie, Trans. Geol. Soc. Edin. vol. viii (1900-1905) p. 85; and 

J. S. Flett, ‘Geology of Lower Strathspey’ Mem. Geol. Sury. Scot. 1902, 
Explan. Sheet 85, p. 39. f 
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and coarse-grained varieties are seen to consist mainly of minute 
_ grains of quartz and small flakes of a contact-biotite. With these 
are associated bigger grains of quartz and felspar, the biggest 
showing plagioclase striation and microcline cross-hatching, while a 
micropeginatite of quartz and orthoclase also occurs. According to 
Dr. Flett, this is a porphyritic igneous rock, much contact-altered. 

(b}) The Hornblende-Andesine Rock. 

It has been previously noted that the most frequent result of the 
alteration of the norite by the acid dykes and pegmatites was the 
production of a dioritic type. In the quarry immediately east of 
Ladysmith, a different rock has been obtained. Here numerous 
veins penetrate the norite-pegmatites ; they are connected with 
the Avochie Granite intrusion, and are composed of quartz, ortho- 
clase, andesine (u=1°554), and biotite. In width they attain a 
maximum of 8 or 10 inches; the edges are much richer in biotite 
than the centre, pointing to the fact that the norite was much 
colder, at the time of their intrusion. The norite at this place 
is quite normal, somewhat like that of Battlehill, but slightly 
coarser. 

At some distance from the pegmatites, the norite is seen to 
contain large black crystals of some mineral, which, as the vein is 
approached, increase until a border of almost black abe is formed. 
As seen in section, the first indications of the change are the 
intergrowth of pyroxene and hornblende—in reality, the conversion 
of the hypersthene into green hornblende. There is also present 
much magnetite and biotite, besides bytownite-felspar. So far, the 
amphibole is confined to single grains occupying approximately — 
the positions of the original hypersthene. As the vein is 
approached, these separate hornblendes coalesce and now possess 
the same optical orientation; while the greenish hornblende gives 
place to a mineral of a rich brown hue. The grains of felspar, 
somewhat shrunk in size, are enclosed peecilitically in this crystal. 
Outside the crystal, hypersthene-g grains occur in various stages of 
transformation. 

In the final stages close to the vein, the main portion of the 
rock is composed of brown hor nblende, in large plates pecilitically 
enclosing felspar. Biotite is met with sparingly, and acts in the 
same way. Greenish hornblende passing into brown also occurs, but 
in a much less compact condition. As compared with the original 
norite, there is an increase in the amount of ferromagnesian 
minerals and a decrease in that of felspar. In addition to a 
diminution in the amount of felspar, there has been a diminution 
in its basicity. The mean refractive index of the felspar (u=1'551) 
now indicates andesine, whereas previously it was bytownite. 
From the felspar and hypersthene, green hornblende was first 
formed, while magnetite was deposited abundantly. Later, 
magnetite became less abundant, and the brown variety of horn- 
blende appeared. 

v2 
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(c) Cordierite-Norites and their Allies. 

In the Huntly area the rocks of this type can be placed in one 
of two groups, according to their mode of origin. They are found 
under different field-conditions, and the same mode of origin cannot 
be advanced to explain the two occurrences. Here the larger group 
is composed of rocks, originally norites, that have been altered by 
the subsequent intrusion of the rocks of Carvichen and Ordiquhill. 
The resulting cordierite-norites occur, therefore, where the older 
norite 1s pierced by these later intrusions; but, at the same time, 
it is evident that contact-metamorphism alone is not responsible 
for the whole change—some transfer of material has certainly taken 
place. ‘The second and smaller group occurs along the western 
margin of the newer intrusion, at the Junction with the crystalline ~ 
schist. Unfortunately, the boundary is in a cultivated area, and 
it is an allied type only that seems to occur 7 sztw. 

In both groups, however, the mineral composition is similar: 
cordierite, hypersthene, biotite, garnet, and felspar being present. 
Hypersthene, usually present and necessarily so in the norites 
proper, is, as a rule, strongly pleochroic, is schillerized, and may 
be heavily charged with impurities. The hypersthenes of the © 
first group are, on the whole, lighter in colour than those of the 
second. In the latter there is a tendency to form roughly rect- 
angular grains with a slight linear arrangement. ‘There is a 
widespread association of the hypersthene with garnet, magnetite, 
biotite, and pleonaste. | 

Great variation is noted in the felspars of these rocks. The 
basic bytownite has now vanished, and the plagioclase is represented 
by labradorite (4=1°559) or andesine (u=1°551); while from the 
later intrusions orthoclase itself may have passed over. In the 
formation of this type, the ophitic structure has been broken down, 
and the felspars are often found as groups of small grains, associated 
generally with pleonaste. 

Biotite, occurring in practically every slice, may be developed to 
the complete exclusion of hypersthene. For its formation the 
cordierite-norite is indebted for potash to the intrusive rock: When 
pyroxene is present, the two minerals are closely associated, and the 
biotite is often corroded, forming intergrowths with such minerals 
as quartz, orthoclase, and cordierite. 

The cordierite of these rocks contains many zircons surrounded 
by a characteristic halo. Twinning is common, giving rise to 
lamellar twins and those of the penetration type (drillings- 
bildung), showing ‘sector-polarization.’ In the rocks of the 
Huntly area, twinning is far more abundant in rocks of igneous 
origin—the cordierite-hornfelses rarely show twinned cordierites, 
and never those giving ‘ sector-polarization.’ The restricted occur- 
rence of such twinning was noted by Dr. J. J. H. Teall’; but 

1 «Natural History of Cordierite & its Associates’ Proc. Geo]. Assoc. 
vol. xvi (1899-1900) p. 62. 
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Dr. V. M. Goldschmidt’ seems to have found it in rocks of sedi- 
mentary origin, the chemical composition of which was unaltered 
by the intruded rock. The cordierite is frequently crowded with 
inclusions, and shows signs of incipient pinitization. 

Two kinds of garnet are to be observed—the normal pink garnet, 
and, associated with it, a colourless garnet that can be seen to pass 
into the pink variety. The colourless garnet often bears vermicular 
markings; and the association—hypersthene, colourless garnet, 
magnetite, pink garnet, with or without biotite and pleonaste—can 
be observed wholly or partly developed in many of the rocks 
where the hypersthene is undergoing change. The bigger garnets 
are pink, and often contain as inclusions quartz, biotite, felspar, 
and cordierite. 

The green spinel, pleonaste, is present in most slides of the 
series, as a rule in small amount. Its colour varies considerably 
from a pale grass-green to a dark olive-green hue. It is a common 
inclusion in felspar and cordierite, and is grouped round the plates 
of sillimanite. The last-named mineral is not very common, but it 
may form either fibrous tufts of needles or fairly large plates similar 
to those mentioned above. Magnetite, pyrite, and zircon are wide- 
spread, while pinite oecurs as an alteration-product of the cordierite. 
Widespread also are minute intergrowths of quartz and acid felspar 
sumilar to the myrmekite of the igneous rocks. 

_ Turning to the rocks themselves, we note that the Carvichen 
intrusion has produced a cordierite-norite at Battlehill Quarry. 
Veins from the granite traverse the norite here, and their effect is 
traced in the contact-rock as a whole, which has a specific gravity. 
of 2°82 as against 2°98 for the original norite. 

In section, the ophitic texture of the norite is replaced by a 
granular aggregate of minerals—chiefly hypersthene, felspars, and 
cordierite. The felspars include orthoclase and labradorite (u= 
1559). Both pink and colourless garnets are present, the latter 
associated with magnetite, hypersthene, and biotite. Biotite is 
sparingly represented, and the other accessory minerals are pyrite, 
pleonaste, zircon, and quartz, the last-named usually occurring with 
the garnet. The presence of quartz and orthoclase is due to 
the influence of the granite, rather than to any rearrangement 
of the molecules of the rock. 

Round the southern and eastern boundaries of the Ordiquhill 
intrusion occur a series of cordierite-norites and related rocks. On 
the eastern slopes of Ordiquhill itself, the garnet-diorite portion of 
the intrusion is in direct contact with the norite. Here the norite 
proper is succeeded by a garnetiferous norite with granular structure, 
wherein the comparatively large garnets are accompanied by quartz 
and associated with hypersthene. The intruded rock is found to 
carry, in addition to the minerals of the garnet-monzonite, some 
strongly pleochroic hypersthene and a little cordierite—pointing to 
an exchange of material. 

1 «Die Kontakt-Metamorphose im Kristianiagebiete’ Vidensk. Skrift. I. 
Mat. Naturv. KJ. 1911, No. 11, pp. 358-59. 
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Intermediate between these two is the contact-norite, where the 
hypersthene has been largely eliminated and its place taken by 
biotite. To this is added an increase in the amount of cordierite and 
in the size of the garnets. Two felspars, at least, oceur—ortho- 
clase and andesine (u=1°551), the former being associated with 
quartz. Fine intergrowths are formed by the biotite, even with the’ 
cordierite. Myrmekitic intergrowths also occur of quartz and acid 
felspar—the latter having a refractive index lower than that of 
quartz. The specific gravity of this rock has fallen only to 2°94: 
as the Carvichen intrusion is much more acid than the Ordiquhill 
rock, this is only what might have been expected. Naturally, 
there is great variation in this type, and the chemical analysis and 
calculated mineral composition may be true of only a very limited. 
type. 
ae the neighbourhood of Boghead of Gibstone, Broomhillock, 
and Ordbrae, a much fuller sequence can be made out, thanks to 
the large number of partly-digested xenoliths. These vary from 
a norite to a rock composed of biotite, cordierite, garnet, and fel- 
spar, passing through, as an intermediate stage, a garnetiferous 
cordierite-norite. 

The early stages are the most interesting, when the rock is 
mainly composed of hypersthene and cordierite, together with 
garnet, biotite, and felspar. There is slight pinitization, but the 
high specific gravity of the rock (3°17) bears witness to the small 
amount of decomposition. The felspars occur in aggregates of 
small grains with pleonaste and magnetite, and show symmetric 
extinction-angles ranging up to 40°—thus indicating a felspar of 
the composition of bytownite. The biotite is less plentiful than the 
associated hypersthene, and shows fine intergrowths with the | 
surrounding minerals. Near Broomhillock, a very fine example 
of a garnetiterous biotite-norite is to be obtained, wherein the 
colourless garnets are associated with biotite, magnetite, and hyper- 
sthene. Towards the biotite, as a rule, the faces of these garnets 
are well developed—towards the felspars they are usually irregular. 
This biotite, much more abundant than in the previous case, is 
beautifully pleochroic in red and yellow. Pleonaste, magnetite, 
and pyrite occur with the felspars. These last are occasionally 
labradorite (symmetric extinction-angle = 38°) and usually andesine 
(w=1°551). The rock is again very compact and but little altered, 
having a specific gravity of 3°10. 

In the second stage, the hypersthene is being replaced by the 
biotite, and accordingly hypersthene, biotite, clear garnet, and 
magnetite are found in close association. The biotite shows 
numerous intergrowths with felspar, quartz, and cordierite. The 
felspar is in places not more basic than labradorite, but accompanied 
by it is an acid felspar forming myrmekitic intergrowths with the 
quartz. The colourless garnet shows vermicular markings and has 
magnetite-inclusions, while it passes into the pink variety. Pleo- 
naste occurs as an inclusion in cordierite. 

In the following stages the hypersthene has entirely disappeared, 
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and the dominant ferromagnesian mineral is biotite, forming inter- 
growths in the less advanced stages. Myrmekitic intergrowths of 
the felspars and quartz are less common, and slight decomposition 
may appear. Garnets of both kinds are found often with recti- 
linear boundaries, and sometimes associated with brownish-green 
spinel. Of the felspars, orthoclase and labradorite are certainly 
present, and in some cases the plagioclase has the acidity of oligo- 
clase. These rocks have a specific gravity of 3-04. 3 

In the above-described rocks, silumanite appeared in the usual 
fibrous form, but a further stage is exemplified by the appearance 
of the platy variety. The plates of the mineral are in this case 
surrounded by a ring of green pleonastes and grains of cordierite. 
Hypersthene has disappeared, and the biotite shows intergrowths 
with quartz. 

Under slightly different conditions it would seem that a hyper- 
sthene is again formed, as in the rock from above Roddentree. 
Here the minerals now present are garnet, hypersthene, cordierite, 
and biotite. The hypersthene is spongy, containing numerous 
inclusions of quartz and felspar. The felspars are basic and acid 
plagioclase, as well as orthoclase, which is frequently ringed round 
by a quartz-felspar-micropegmatite, similar to the structure seen in 
acid plutonic rocks. It is, of course, possible that this represents a 
type at the beginning of the change from hypersthene to biotite, 
but the hypersthene of the norite is remarkably free from inclusions 
such as those mentioned above. In fact, this hypersthene strongly 
resembles that found in the contact-rock at Rothiemay mentioned 
previously (p. 280), and a spongy hypersthene is usually one of 
secondary origin. From its field-relations, it is dificult to see how 
this rock could represent a contact-altered sediment. 

A somewhat different type of development is that seen in the 
xenolith of the Truttle Stones, where the contact-rock is composed 
almost entirely of biotite and cordierite. To these may be added 
labradorite and pink garnet. The halos in the cordierite are 
numerous and very fine, being occasionally double. 

The pegmatite-veins from the Avochie Granite have produced 
near Ladysmith rocks meriting the name of cordierite-norite. 
The hypersthene occurs in large crystals, but has been invariably 
attacked to form other minerals. Throughout the rock the other 
minerals occur in small grains. From the hypersthene are developed 
pleonaste, magnetite, and colourless garnet. The pleonaste and 
magnetite may occur as inclusions in the hypersthene, in which case 
they are separated from the pyroxene by a thin band of mineral— 
usually colourless garnet, but also apparently cordierite. The 
colourless garnet possesses vermicular markings interlocking with 
sumilar projections from the spinel, where the two minerals are in 
contact. The hypersthene is here broken up, and the colourless 
rings indicate the medium by which the transference of material 
was effected. The spinels reach the comparatively large size of 
0°53 mm. Cordierite, felspar, and pleonaste make up considerable 
parts of the rock. 
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West of the house at Ladysmith, a similar type occurs, where, 
however, the biotite, scarcely represented in the previous section, 
has entirely taken the place of the hypersthene. Dark-green 
spinel-grains occur with felspar and cordierite, and likewise as the 
core of a normal pink garnet. This would seem to be a further. 
development of the previous type, accompanied by the formation 
of biotite. 

The cordierite-norites of. the second type are found in the 
neighbourhood of Drumdelgie, at Wells Cuternach, and between 
that and ‘The Gray Stane.’ They mark the junction between 
igneous rock and phyllite. In mineral composition they show little 
difference from the previous group, and here again is observed a 
gradation from a cordierite-hypersthene type to a garnet-biotite- 
felspar type, accompanied by a rise in specific gravity from 2°896 
to 3:207. To a small extent are developed pleonaste, magnetite, 
zircon, and quartz. 

The hypersthene usually is strongly pleochroie, and of a slightly 
purplish hue. The cordierite in the rocks where it is abundant is 
beautifully twinned, showing ‘sector-polarization.’ Usually, too, it 
is full of dust-like inclusions, and occasionally is altered to pinite; - 
halos are frequent. Biotite, colourless and pink garnet, and 
pleonaste present the same features. The felspar is labradorite 
(u=1-559) or andesine (w=1'554), is quite fresh, and always 
present in some amount. Quartz is sparingly represented, and 
carries small needles of rutile. 

The finest example of cordierite-norite comes from the Wells at 
Cuternach. In the hand-specimen, the cordierite is so plentiful as 
to impart to the rock a distinctly greasy lustre. In section the 
cordierite is seen to be beautifully twinned, possessing also halos 
and clouds of minute inclusions. It occupies over 50 per cent. of 
the rock, as is seen from the calculated mineral content. Here the 
felspar is labradorite of the composition Ab,An,,, approximately. 
Biotite and hypersthene are the ferromagnesian minerals, the 
latter predominating over the reddish-brown biotite. The spinel 
is of a dark brownish-green colour, and seems to form skeleton- 
erystals. No garnet is present in this rock. This type has been 
analysed by Mr. Radley (see p. 289). 

In no succeeding case is there such a development of cordierrtte— 
its commanding position being now taken by labradorite (= 1559). 
Hypersthene and biotite likewise continue, and with them occur 
magnetite and the two garnets, which merge one into the other as 
before. Here the colourless garnet shows vermicular markings 
even towards the felspar, and in the pink garnet the same markings 
are visible at the edges. Chlorite results from the alteration of the 
biotite, which possesses its characteristic intergrowths. 

Very similar to this type is the rock north of the Gray Stane, 
differing only in the smaller amount of cordierite. With others 
at Cuternach this forms a link with those rocks that possess no 
cordierite. In this final stage, hypersthene has also disappeared 



Vol. 70. ] OF THE COUNTRY AROUND HUNTLY. 287 

and the garnets, are wholly of the pink variety. Though small, 

these are very numerous, and are set in a matrix of felspar and 
biotite. The felspar is now not labradorite, but andesine (p= 1°544). 
With the biotite occurs a titaniferous magnetite, and there seem 
to be intergrowths of biotite and (?)felspar. Some quartz, bearing 
rutile-needles, is present. 

The association of the minerals cordierite and hypersthene has 
been previously recorded as occurring both in hornfelses and in 
rocks of igneous origin. In the case of contact-altered rocks, 
W. Ramsay" described an occurrence where orthoclase and soda- 
orthoclase intergrown had as inclusions cordierite, hypersthene, 
biotite, and magnetite, while cordierite and quartz filled the inter- 
stices between the felspars. Ramsay came to the conclusion that 
the rock was the result of contact-alteration, and noted also that 
the cordierite gave the characteristic ‘trillings’ (drillings- 
bildung), a rare phenomenon in a hornfels. 

Some seventeen years later a series of such rocks was described 
from the Christiania district by Dr. V. M. Goldschmidt, who placed 
them ‘in his Class IV.* According to this observer, 20°5 per cent. 
of the rock is assigned to cordierite, and only 1:5 to hypersthene. 
By a series of chemical analyses, it is proved that no transference 
of material has taken place * from the igneous rock—unlike, there- 
fore, the rock at the Rothiemay cutting. The cordierite * in this 
case is untwinned, though ‘trilling’ had been observed in the 
previous Classes I and IT.’ 

In Britain, as an original constituent of plutonic rocks, cordierite 
has been hitherto found only in the Cornish granites, where it is 
held to result from the impregnation of the magma by sediments." 

Two important papers, dealing with the occurrence of cordierite 
in basic plutonic rocks, appeared several years ago. ‘The earlier of 

' these, by Prof. A. Lacroix, deals with the intrusion of Le Pallet.’ 
Here a gabbro-massif is situated among mica-schists, and an in- 
sensible passage can be traced from an olivine-gabbro with labra- 
dorite to a cordierite-norite with andesine. In the quarry of Les 
Prinaux, xenoliths of mica-schist in gabbro occur, and are surrounded 
by a layer of cordierite-norite that separates them from the gabbro. 
From this, and from the field-relations, Prof. Lacroix concluded 
that the cordierite-norite was due to the transformation of the 
gabbro magma by assimilation of material from the mica-schist. 
Besides the above-mentioned minerals, it is to be noted that biotite, 
almandine, and quartz occur. 

In Minnesota, a series of similar rocks (to the gabbro type) have 

1 «Die Alteren, die Nephelinsyenite Umgebenden Gesteine’ Fennia, vol. xi, 

No. 2 (1894) pp. 45-76. 
2 ‘Die Kontakt-Metamorphose im Kristianiagebiete ’ 1911, pp. 160-67. 
3 Ibid. p. 23. 4 Ibid. pp. 358-59. 5 Ibid. pp. 146-154. 
6 «The Geology of Dartmoor’ Mem. Geol. Surv. 1912, Explan. Sheet 338, 

p.38; & ‘The Geology of the Country around Newton Abbot’ Mem. Geol. 

Surv. 1913, Explan. Sheet 339, p. 67. 
7 «Le Gabbro du Pallet & ses Modifications’ Bull. Carte Géol. France, vol. x 

(1898-99) pp. 341-96. 
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been described by Mr. A. N. Winchell," which include a ‘ muscova- 
dite’ or cordierite-biotite-norite. The muscovadite occurs along 
the northern line of junction of the gabbro mass with the older 
schists, and is never found away from the junction and contact- 
zone. ‘The transition from ordinary gabbro to muscovadite, as well 
as from muscovadite to mica-schist, proceeds by~ imperceptible 
degrees. In the rock described, belonging to the gabbro rather 
than to the schist series, the four common minerals are cordierite, 
bronzite, biotite, and quartz.. Felspar and enstatite are less common, 
and the accessory minerals are of little importance; staurolite, 
however, is present. 

The felspar is more acid than that of the gabbro, being usually 
a labradorite (Ab,An,) and more rarely andesine (Ab,An,). It 
occurs as small grains, and is not very abundant. Bronzite is more 
abundant than enstatite, and the reddish-brown biotite is an 
‘anomite.’ The cordierite shows polysynthetic bands and also 
‘ trillings.’ 

In this case also, Mr. Winchell came to the conclusion that the 
cordierite-norite was the result of absorption of alumina from 
external sources—that is, from the surrounding schists. 

In tabular form, the mineralogical characteristics of these rocks 
and the cordierite-norites of Huntly of the second group are :— 

Le Pallet. Minnesota. Huntly. . 

Acid andesine. Labradorite chiefly. Labradorite and andesine. 
Biotite. Anomite. Biotite ? 
Hypersthene. Bronzite and enstatite. Hypersthene. 
Halos in cordierite. Halos wanting. Halos present. 
Almandine. Almandine wanting. Garnet usually present. 

‘It is greatly to be regretted that no clear sections exist, to prove 
in the Huntly occurrence a gradual transition from undoubted 
igneous rock to undoubted phyllite. On the contrary, the junction ” 
takes place in cultivated fields, where for a short distance the 
plagioclase-garnet-biotite-type alone seems to be zm situ. To me, 
however, it appears certain that the rocks of the second type 
originated from a magma contaminated by the aluminous material 
of the phyllites, as at Le Pallet and in Minnesota. 

In the case of the cordierite-norites of the first type, some 
absorption of material by the xenoliths and the intruded rocks 
has certainly taken place. The slices of cordierite-norite from 
Battlehill show both quartz and orthoclase; orthoclase occurs in 
the cordierite-norite of Ordiquhill. Such transference of material, 
however, seems to be slight, and I am inclined to ascribe to the 
heat of the later intrusion the chief part in bringing about 
the formation of these cordierite-norites. With differences in 
temperature and differences in the amount of material trans- 
ferred, the various types have been formed. The chief chemical 
changes produced have been an increase in potash and a decrease 
in the amount of lime. 

1 “Mineralogical & Petrographical Study of the Gabbroid Rocks of Minne- 
sota’ Am. Geol. vol. xxvi (1900) pp. 294 et seqq. 
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Below are tabulated the analyses of a rock from each group, 
together with a rough calculation of the mineral composition. For 
comparison, two analyses are added, one taken from Mr. Winchell’s 
paper, the other from that of Prof. Lacroix. While the Huntly 
rocks are more basic, the chief discrepancy lies in the amounts 
of magnesia. Potash is also much higher in the Huntly rocks. 
These discrepancies seem explicable, only on the assumption of 
the existence of some power of selective absorption in the magma. 

ANALYSES OF CORDIERITE-NORITES. 

Specific gravities. 2°90 
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IV. Cordierite-norite, second group, Cuternach. Anal. E. G. Radley. 
ag Do. do. first group, Ordiquhill. 
VI. Do. do. Minnesota. 
VIL. Do. do. Quarry of Les Prinaux, Le Pallet. 

The mineralogical composition of the Huntly rocks is :— 

IV. V. 

Cordierite ........., 53°34 Cordierite ......... 14°40 
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Frequent reference has been made in the descriptions of the 
cordierite-norites to the prevalent association of hypersthene, 
magnetite, and colourless garnet. It may be useful to recall the 
following facts :— 

(1) The colourless garnet bears as inclusions particles of magnetite. 
(2) It is usually accompanied by pink garnet, into which it passes 

insensibly. 
(3) It possesses vermicular markings, which are likewise found on the 

edges of the pink garnet. _ ; 
(4) The colourless garnet persists so long as there is hypersthene 

present, and when no hypersthene is present, pink garnet alone occurs. 
(5) The colourless garnet, when surrounding hypersthene or magnetite, 

may or may not be developed towards felspar. 
(6) With the formation of pink garnet, there seems to ensue a 

diminution in the amount of magnetite included in the garnet. 

From these facts it appears that the hypersthene is being 
destroyed to form, by interaction with the anorthite-molecule of 
the felspar, garnet and a less basic felspar. Magnesia would seem 
to be lost in the process—the introduction of potash from external 
sources, however, fixes this as biotite. In the change from hyper- 
sthene to ordinary garnet, the colourless variety with inclusions of 
magnetite constitutes an intermediate stage. 

In regard to such garnet-rims, the following previous notices 
may be of interest. In a gabbro from the Philadelphia district, 
Miss F. Bascom’ describes reaction-rims surrounding pyroxene. 
Usually the pyroxene is hypersthene, but augite or diallage 
accompany or replace it. The plagioclase is labradorite or 
labradorite-bytownite. Whether rhombic or monoclinic, the 
pyroxene is surrounded by a reactionary peripheral rim consisting 
on the outside of garnet, and within of quartz and hornblende. 

In a paper on the origin and growth of garnets, Sir Thomas 
Holland * describes reaction-rims, composed of two layers, between 
hypersthene and garnets. Next the garnet comes a layer of 
vermiform pieces of green actinolite, together with felspar showing 
lamellar twinning. Next the hypersthene is a zone composed of 
magnetite-granules. In these rocks also, the hypersthene may be 
accompanied by augite, hornblende, biotite, graphite, and garnet, and 

“sometimes it is replaced entirely by garnet in rocks which... are beyond 
question altered forms of the pyroxenic series.’ (Op. cit. p. 238.) 

The centre of the garnets is pink, but towards the margin they 
show the vermiform cavities with which the above-mentioned 
actinolites communicate. Along this zone the change proceeds, 
garnet substance being laid down in the cavities. In this case 
the garnet grows towards the hypersthene, and not towards the 
felspar as in the Pennsylvanian case. It is also suggested that 
there is some relation between the depth of colour in the garnet 
and the original hypersthene. There is thus a striking similarity 

1 Bull. Geol. Soc. Am. vol. xvi (1905) p. 313. 
2 Rec. Geol. Surv. India, vol. xxix (1896) pp. 20-30. 

. | and 
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between the Indian and the Scottish types in regard to the formation 
of garnet at the expense of hypersthene. 

In the rock from Ladysmith, the hypersthene contained inclusions 
of pleonaste and magnetite. Round both these spinellids, and 
separating them from the hypersthene, is a zone of colourless 
mineral (see Pl. XX XVIII, fig. 3). Usually this is isotropie, 
and has a high refractive index, when it is a colourless garnet; 
but sometimes its refractive index and birefringence agree with 
those of the cordierite of the rock. 

The colourless garnet showed here also its vermicular markings, 
which interlocked with greenish outgrowths of the spinel. At this 
point there would seem to be an intergrowth of spinel and garnet. 
In the monograph on ‘The Charnockite Series,’' Sir Thomas 
Holland records a case where the pleonaste is surrounded by a zone 
of pale-pink, highly-refracting, isotropic mineral, ‘ presumably the 
ordinary magnesia-alumina spinel.’ However that may be, it is 
clear that, in this case also, the hypersthene is being broken up, 
though in a somewhat different way. 

V. CONCLUSIONS. 

The conclusions arrived at in the ee pages may be briefly 
summarized as follows :— 

(1) Two separate series of igneous rocks are to be distinguished, 
a foliated and a non-foliated series. 

(2) The non-foliated series shows signs of movement during 
injection and consolidation in the prevalence of fluxion- banding 
and mortel-struktur. 

(3) The non-foliated series contains in itself types of different 
ages and varied composition. 

(4) The later types alter the earlier (non-inflated) norites at 
their contact with them, with the production of cordierite-norites. 

(5) Cordierite-norites are likewise produced in the intrusive 
rocks by the absorption of material, mainly alumina and magnesia, 
from the adjacent crystalline rocks—here phyllites more or less 
hornfelsed. 

(6) The cordierite-norite, by the destruction of its cordierite and 
hypersthene, tends to pass into a rock composed of garnet, labra- 
dorite, and biotite. 

(7) The destruction of the hypersthene and the formation, with 
the help of the felspar, of pleonaste, garnet, cordierite, and 
magnetite, may be noted at various stages. 

This research has been. carried out at the Imperial College of 
Science & Technology with the help of a scholarship granted by 
the Carnegie Trustees for the Universities of Scotland. To 
Dr. J. 8. Flett I am indebted, not only for constant advice, but 
for the personal labour that he has undertaken in reading the 

1 Mem. Geol. Surv. India, vol. xxviii (1900) p. 168. 
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manuscript and examining the slides. ‘To Dr. Herbert H. Thomas 
I offer my best thanks for his help in identifying the rarer 
minerals. To Dr. ©. G. Cullis I desire to record my thanks for the 
help. which I have received in many discussions. At all times I 
have derived great assistance from Prof. W. W. Watts, for whose 
kindly interest and criticism I am deeply grateful. : 

EXPLANATION OF PLATES XXXVIII-XL. ~ 

PuatTe XXXVI. 

Fig. 1. Contact-rock, first group, west of Ordbrae Crofts, magnified 30 
diameters. The crystal showing cleavages in the centre of the field 
is a plate of sillimanite. With it occur cordierite-grains, and it is 
surrounded by grains of cordierite and pleonaste with some felspar. 
Biotite and garnet are likewise present. (See p. 285.) 

2. Olivine-gabbro, Cairnford Bridge, magnified 30 diameters, nicols 
crossed. Olivine-crystals in the position of extinction are fringed 
with fibrous amphibole, actinolite away from, and anthophyllite near, 
the olivine. At the centre of the lower portion of the photograph 
is a plate of brown hornblende, which is found on the left as a third 
zone round the olivine. ‘Twinned plagioclase and pyrite are also 
present. (See p. 273.) . 

3. Cordierite-norite, Ladysmith, magnified 30 diameters. Here three 
plates of hypersthene are seen to contain inclusions of pleonaste and 
magnetite, with also pyrite and cordierite. Round the pleonaste, 
the cordierite, and the pyrite, a ring of colourless garnet occurs ; 
while to the small pleonaste above the centre belongs a ring of 
cordierite. Grains of cordierite and felspar make up the colourless 
matrix. (See p. 291.) cs ney 

PLATE XXXIX. 

Fig. 1. Cordierite-garnet-biotite rock, Ladysmith, magnified 30 diameters. 
This, a further stage of the rock shown in Pl. XXXVIII, fig. 3, 
exhibits pleonaste-grains with a pink mineral—garnet—surrounding 
them. Biotite is also present, while the ground-mass is composed of 
basic felspar and cordierite. 

2. Hornblende-andesine rock, Ladysmith, magnified 30 diameters. Com- 
posed of a plate of brown hornblende, peecilitically enclosing grains 
of andesine. (See p. 281.) 

3. Cordierite-norite from Ladysmith, magnified 100 diameters, ordinary 
light. Shows vermicular garnet surrounding pleonaste and grains of 
felspar. (See p. 291.) 

PLATE XL. 

Geological map of the neighbourhood of Huntly, on the scale 
of 1 inch to the mile, or 1 : 63,360. 

Discussion. 

Dr. J. V. EuspEN drew attention to the great complexity of 
the area described by the Author, and to its importance from a 
petrographical point of view. There appeared to be in the 
paper evidence bearing upon magmatic differentiation, marginal 
differentiation, and composite intrusions. With regard to the last- 
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named, he asked whether the fluxion-bands showed any signs of a 
mixed magma. The association of minerals described “by the 
Author in the cordierite-rocks was interesting, and the occurrence 
of sillimanite and spinel was to be expected; but the speaker 
had heard no mention of corundum, which was often one of the 
‘faithful companions.’ He would be interested to know whether 
corundum had been observed in these rocks. 

Dr. J. W. Evans thought it remarkable that a mineral con- 
taining so much silica in proportion to the magnesia and iron- 
oxide as cordierite did, should occur as a result of the contact- 
relations of two norites. He was glad that the Author had 
referred to the case described by Sir Thomas Holland, where garnet 
appeared to be formed by the alteration of hypersthene. In the 
Indian rock the colour of the garnet was so remarkably. similar to 

that of the pink vibrations of the hypersthene, that one was 
irresistibly led to the conclusion that they were related. The 
conversion of the hypersthene into garnet involved a considerable 
change in chemical composition, venich would, however, be some- 
what less if the garnet were pyrope.’ He would like to know 
whether the chemical composition of the garnet in the case 
described by the Author had been ascertained. 

Lady McRoserrt stated that she was familiar with the district, 
and knew the extreme difficulty experienced in tracing the boun- 
daries of the different zones; she therefore wished to compliment 
the Author heartily on the successful way in which he had carried 
out the work. 

With reference to Dr. Elsden’s question, as to whether there was 
any evidence of fluxion-banding due to the streaking-out of different 
magmas, the only such example in the district of which she was 
aware was a very striking alternation of bands of black troctolite 
and pale allivalite, which of course only differed slightly in mineral 
composition. She thought that she was correct in stating that no 
corundum had been found in association with the cordierite and 
sillimanite. 

Prof. W. W. Warts, replying on behalf of the Author, thanked 
the Fellows present for the kind reception of the paper. 

In reply to Dr. Elsden, he stated that the fluxion-banding was 
due to arrangement of minerals rather than to the streaking-out of 
differentiated bands. He pointed out the complexity of the rock- 
relations which the Author had had to unravel, and said that the 
district was now ready for additional work on the lines which the 
Author had laid down but was unable, owing to his absence in 
India, to follow out. 

1 [A qualitative analysis has shown the presence of both iron and lime 
in great quantity, anda mere trace of magnesia. The garnet cannot, therefore, 
be pyrope.—W. R. W., April 23rd, 1914. | 
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11. The Composition of RockatiiteE. By HErnry STEPHENS 
Wasuineton, Ph.D., For. Corr. Geol. Soc. (Read March 

25th, 1914.) 

Introduction. 

AN igneous rock of quite exceptional chemical and mineral com- 
position and of unusual petrographic interest is the granitic — 
rockallite. This forms, in part, the small islet of Rockall, situated 
in lat. 57° 36’ N. and long. 13° 42’ W., about 170 miles west of the 
Hebrides, and about half-way between Ireland and Iceland. The 
haycock-shaped islet is almost inaccessible, and only three specimens 
of the rock are known to be in existence. To quote from a letter 
(dated December 9th, 1913) received from Prof. J. W. Judd, 
C.B., Bn. 

‘ Although a number of attempts have been made to examine Rockall, yet, so 
far as I know, only two landings upon it have been effected. Even in these 
two cases it was only possible for sailors to jump from a boat on to a pro- 
jecting point of the rock, and to knock off pieces which they threw into the 
boat. <A carefully-equipped expedition made two voyages to the rock in 1896, 
but on both occasions had to give up all attempts at landing upon it.’ 

The rock has been described petrographically in great detail by 
Prof. Judd,’ who examined all three specimens, in a paper which 
forms one of the reports of the Irish expedition of 1896. To these 
reports the reader may be referred for descriptions of the islet and 
other information. 

Prof. Judd’s paper contains a chemical analysis of the ‘ Inskip ’ 
specimen, made by Mr. C: J. S. Makins. As this analysis is far 
from complete, ferrous oxide, titanium oxide, and water not having 
been determined, and only a ‘ trace’ of potash reported, and as the 
rock is of so entirely exceptional a character, it was thought that 
a new and complete chemical analysis was desirable. Through the 
kind offices of Prof. Judd and the courtesy of the Governors of 
the Imperial College of Science & Technology, about half of the 
Inskip specimen (that analysed by Makins) was given to me for 
examination and analysis. It is not only a duty but a pleasure for 
me to acknowledge here my deep sense of gratitude to, and appre- 
ciation of the great courtesy and liberality of, these gentlemen for 
the opportunity to study this exceptionally valuable material. I 
can but feel gratified that the results of my examination not only 
confirm the observations of Prof. Judd and Mr. Makins, but have 

_ also added some new and rather important features of interest to 
the rock. 

The specimen, as received from Prof. Judd, weighed about 
17 grams. Two thin sections were cut, and a fragment of about 
6 grams (with one thin section) has been deposited in the Petro- 
graphic Reference Collection of the United States Geological 

1 Trans. Roy. Trish Acad. vol. xxxi (1897) pp. 48— 58. See also Geol. Mag. 
dec. 4, vol. vi (1899) pp. 163-67. a 
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Survey. For the analysis about 8 grams were available, a few 
grams being reserved for optical study and contingencies. I would 
here express my thanks to Dr. F. E. Wright for kindly undertaking 
the special optical study of the pyroxene. 

Petrographical Description. 

The texture of the rock is granitic, somewhat? porphyritic in the 
Inskip specimen according to Prof. Judd, although this was not 
very evident in my small piece, but non-porphyritic in the other two. 

It is fine-grained (millimetre-grained), and composed of small 
anhedra of colourless quartz, white felspar, and thick prisms of a 
-greenish-black pyroxene, the three being present in about equal 
amount. These three minerals are all perfectly fresh, but there 
are small specks and patches of a powdery, pale yellow-brown, 
evidently ferruginous, decomposition-product, apparently limonitic. 
The water yielded by the analysis shows that the amount of this 
cannot be great. The specific gravity of this specimen is stated by 
Prof. Judd to vary between 2°92 and 2-94, that of the other two 
specimens being 2°77 and 2-71 respectively. 

In thin section the rock is seen to be composed almost entirely 
of sodic pyroxene, alkaline felspar, and quartz, the pyroxene having 
erystallized first, then the felspar, and last the quartz, as noted by 
Judd. The pyroxene is in subhedral prisms, with no very definite 
terminations, and only seldom showing prism or pinacoid faces. 
Some small subhedral crystals are also included in the quartz 
and felspar. Cleavage 1s well-marked, and the crystals carry no 
inclusions. 

The pyroxene is of two kinds. A bright grass-green egirite is 
abundant. The extinction-angle (Wright) varies from 3° to 5°, 
and the rather strong pleochroism is, as determined by Judd: 
a grass-green, b pale olive-green. ¢ yellow-green, with the ab- 
sorption a>b>rc. The refractive indices, as determined by 
Wright, are a=about 1°765, y>1:80<1°82. This green egirite 
forms usually the inner portions of the larger prismoids and most 
of the smaller, isolated, euhedral crystals. The other variety of 
pyroxene is a pale yellowish-brown acmite, with extinction-angles 
slightly greater than those of the egirite. Its pleochroism is not 
so strong; a brown, b yellow-brown, ¢ brownish yellow. Its re- 
fractive index is practically the same as that of the egirite, but 
possibly a little higher, and, as Dr. Wright says, the difference 
optically between the two forms is not so pronounced as one might 
be led to expect from the difference in colour. This brown aemite 
generally surrounds the green egirite, the border between the two 
being rather irregular but fairly sharp. Rarely the egirite is 
exterior to the acmite, especially at the ends of prisms, and there 
are a few small crystals composed entirely of acmite. Cleavage 
does not seem to be as well developed in the acmite as in the 
zgirite. 

- The felspar occurs, for the greater part, as comparatively large, 
Q. J.G.S. No. 278. x 
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equant subhedral individuals, roughly square in outline. They 
generally show a fine polysynthetic twinning according to the albite 
law, Carlsbad twins being rare. The extinction-angles are low, and 
correspond to those of albite. No microperthite is to be seen. 
Generally these crystals contain toward the centre some dusty 
material, which high powers resolve into irregular specks of green 
egirite. Albite also forms some small thin laths, often in Carlsbad 
twins. 

The quartz forms anhedral grains, and contains many minute 
liquid inclusions, which carry gas-bubbles, the volume of the gas- 
bubble being about 12 to 15 per cent. of the volume of the cavity 
(Wright). The form of these cavities is sometimes negative. 
There are a few small, apparently micrographic, intergrowths of 
felspar and quartz. In these are to be seen very minute prismoidal 
crystals of a colourless, highly-refracting, optically-positive, uniaxial 
mineral, which must be referred to zircon. The total amount of 
this in the sections cannot amount to more than about one-tenth 
of 1 per cent. Extremely rare and minute grains of magnetite 
are seen in places, and there are a few very small prisms of 
apatite. I could find none of the rare blue hornblende mentioned 
by Prof. Judd. 

Chemical Composition. 

The chemical analysis was made by me with the greatest care, by 
the methods advocated by Hillebrand and myself. Zireonia and 
the rare earths were especially looked for, because of the highly- 
sodic character of the rock, it being known that these elements are 
prone to association with sodic magmas." The amounts of both 
which were found fully justify the search. The ‘Ce,O,’ of the 
analysis (II, p. 297) was chiefly composed of cerous oxide, as was 
shown by colour -reactions, but possibly yttrium, didymium, or 
other rare earths are present. Titanium and manganese were 
determined colorimetrically. Nota trace of chlorine was leached 
out of the rock by hot water. Nickel was not looked for, owing 
to the small amount of material. | 

It is evident that my analysis fully confirms the general features 
of Makins’s analysis. They both show high silica, ferric oxide, 
and soda, and low alumina, ferrous oxide, magnesia, lime, and potash. 
The only noteworthy divergences in the determinations—those in 
silica, alumina, and soda, and possibly iron oxides, may reasonably 
be ascribed to the piece analysed by Makins containing a little more 
quartz and a little less albite and pyroxene than mine, a divergence 
which is perfectly possible when such small fragments only were 
available. His high manganese oxide is probably in large part 
alumina, as coprecipitation of this with the manganese, when the 
usual sodium-acetate method is used, is a frequent cause of high 
figures for manganese. The very small amounts of potash and 

H. 8. Washington, Trans. Am, Inst. Min. Eng. vol. xxxix (1909) p. 755. 
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phosphorus pentoxide obtained by me would almost justify the 
application of the termi ‘trace’ to them 

iT: II Til IV. 

<<) EA eae ee 73°60 69°80 68°70 68°29 
1.1% ¢ ing aa. Rie: AO 5°10 6°85 8°71 
Be,Oo) oi s:.s. ess 13°10 13°23 9°93 11°60 
ete so n. d. 0°78 1°14 trace 
[Tot A ena 0-11 011 0°26 0°40 
ee ee 0°37 0°72 1°34 0°51 
Weather rena: 6°96 8°04 701 10°63 
{3 2 ae trace 0°22 1°58 0°67 
Cl > ae n. d. 0°46 0°50 n. d. 
Ul See Fe? 0°31 se a 
SS tee 3 none Le 
| a 0°34 “« O26 ae 
6 oes ae BBS Oo 3°71 (incl. in SiO,. | 
eee eo siect i oy ee 0°07 
31 See us none 
Cn ge SEE Pee “=F none 
PEH, ico cnte bas oe i none 

3S Apa eee eA 0°37 as 
cat bate Pepe eae 0:93 0-12 trace 
i 3 Ae eee 0:06 n. d. 
(iT, 1 Ex none 

Totals ...... 99°83 100°84 101°28 100°81 

I. Rockallite, (II) III. (2)3.1.5. Rockall. C.J.S.Makins, analyst. J. W. 
Judd, Trans. R. Irish Acad. vol. xxxi (1897) p. 54. 

Il. Rockallite, "TII.3.1.5. Rockall. H.S. Washington, analyst. 
Ill. Agirite-granite, IT’.3”.1.4. Ampasibitika, Madagascar. Pisani, analyst. 

A. Lacroix, ‘ Matériaux pour la Minéralogie de Madagascar’ pt. 2, 
1903, p. 235 (Nouv. Arch. Mus. Hist. Nat. Paris, ser. 4, vol. v). 

IV. Agirite-granite, (IT) 111. 4.1.'5. Capo alla Cuculla (Corsica). J .Deprat, 
analyst. Bull. Serv. Carte Géol. France, vol. xvii (1906) No. 114, p. 46. 

Analysis I is of especial interest, because of some of the minor 
constituents. The absence of carbon dioxide, sulphur trioxide, and 
sulphur was to be expected, and they were only looked for im the 
regular analytical routine. The same applies to the absence of 
barium, as this element favours potassic rather than sodic rocks.! 
The amounts of. titanium oxide and manganese monoxide are 
decidedly smaller than was expected, and the presence of what, 
amounts to scarcely more than a ‘trace’ of phosphorus pentoxide is 
in accord with the rarity of apatite in the sections examined by me. 

The two minor constituents that are of most interest are 
arconia and ceria, both of which were found to be present in 
unexpectedly large amounts. In his letter referred to above, 
Prof. Judd suggests that the former may be due to zircons 
present in submicroscopic crystals, as no zircons were visible in 
his sections. In my two sections some very minute zircons were 

1 Of. H. S. Washington, Carnegie Inst. Publ. No. 57 (1906) p. 188; and 
Trans. Am. Inst. Min. Eng. vol. xxxix (1909) p. 754.. 
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found in the rare micrographic patches, as noted above. But the — 
total amount of these must be very much less than one half of 
1 per cent., probably not more than one tenth of 1 per cent. They 
certainly cannot be present in amount sufficient to account for the 

more than 1:5 per cent. of zircon which the amount of zirconia 
-. would furnish. We must, therefore, conclude that by far the 

greater part of the zirconia exists in the pyroxenes. This seems 
the more probable, as many of the sodic pyroxenes, such as 
lavenite, hiortdahlite, ete., contain this element as an essential 
constituent. This point will be adverted to again. 

The rare earths cannot be present as monazite or xenotime, as 
the small amount of phosphorus pentoxide is needed for the apatite 
known to be present,—a point also mentioned by Prof. Judd,— 
and there is no escape from the conclusion that the cerium, like’ 
nearly all the zirconium, must be present in the pyroxenes. It 
may be mentioned that the amount of ceria in rockallite is the 
highest known to me in any rock, among the many thousands of 
analyses that I have collected and studied, with the single excep- 
tion of a nepheline-syenite from Almunge (Sweden), which is 
shortly to be described by Dr. P. Quensel. This rock contains 
48:60 per cent. of silica, 8°74 of soda, and 0°59 of ceria, according 

‘to an analysis by Dittrich kindly communicated to me by 
Dr. Quensel. | 

Mode. 

As the thin sections were small and the granularity relatively | 
- coarse, measurement of the mode by Rosiwal’s method was not * 
undertaken. But, since the mineral composition of the rock is very — 
simple, the mode may be readily ascertained by readjustment of 
the norms, which are given on a later page. In these calculations 
orthoclase is reckoned in with albite, the minute amounts of 
magnetite and apatite are neglected, the ilmenite is assumed to 
enter. egirite (for reasons which are given later), and the zirconia 
to enter the pyroxenes. Data, such as would enable us to ascertain _ 
the exact relative amounts of the green egirite and brown acmite, 
are lacking; but the former is undoubtedly present in greater 
quantity. The mode of I is taken from Prof. Judd’s paper :— 

I 10% 

USUI het 2 Rae 38 30°4 

PEGs Cte aol Sos 8 ants 23 26°4 

Aigirite-acmite......... 39 43:2 

It will be seen that ‘these figures confirm the conclusion drawn 
from the first inspection of the analyses, that my portion of the — 
Inskip specimen contained somewhat less quartz and more albite 
and pyroxene than that analysed by Makins. It will also be 
evident, on comparing the modes and norms, that the mode is 
essentially normative. ’ 
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Classification. 

In the current classifications rockallite is generally considered as 
a highly sodie variety of the alkali-granites, although nothing is 
known of the structural geology of the islet, except that the 
rockallite overlies an apparently bedded or foliated rock of unknown 
character. In the 4th edition of his ‘ Mikroskopische Physiographie’ 
Rosenbusch described it under the granites (vol. u, pt. 1, 1907, 
p- 79), but is inelined (zbzd. p. 611) to consider it as a grorudite 
(zgirine-quartz-tinguaite), belonging to the dyke-rocks, with which 
also Prof. Judd compares it. This is an apt example of the fallacy 
of basing the classification of a rock on the particular portion of 
the lithosphere where it happened to consolidate, rather than only 
on characters inherent in the rock itself. 

According to the Quantitative Classification, the norms of the 
two analyses figure out as follows :— 

i" ctf 

Oe ee rnebisy Spa) ho Taye 37°80 30°18 
8 TOSS Ses tt ee 1°12 
MIN ae Pe Se hoa ths Gland 24°10 25°15 
LE Pe Ps OEE 1°83 
NGI So AE ee eg 30°95 37°88 
| Pp atte ie Ae 1:70 2°64 
BOT as. ote es ha SG LEY Mae hy ane 
1 eae tag i le RRC 0°23 
2a oe Ne ee are a 0°61 
PEA Ra ide di. TO ie 0°17 

They both, therefore, fall in the subrang rockallose, with 
the general symbol III. 3.1.5. Makins’s specimen however, is 
transitional towards the dosalane class, and the domalkalic order, 
with the exact symbol (II) IIT. (2) 3.1.5, and mine more nearly 
central, having the symbol "III. 3.1.5. It is worthy of note, as 
indicating the highly exceptional character of this rock, that these 
two analyses of rockallite are the only representatives of the 
subrang rockallose (III. 3.1.5) among about eight thousand 
analyses now collected by me. 

Affinities of Rockallite. 

Both Judd and Rosenbusch remark on a similarity with the 
grorudites of Brégger. They resemble each other in so far as the 
qualitative mineral composition is concerned, but the grorudites 
contain less pyroxene and more felspar, especially considerable 
orthoclase (as shown by their analyses), and Judd finally considered 
them as quite distinct from his rock. Similar distinctions also 
hold good for the pantellerites, with which Judd _ tentatively 
compares rockallite on the basis of Foerstner’s analy ses, but which 
we now know to be incorrect in many particulars.' In recent 
years there has been an extension of our knowledge of highly sodie 

1 Of. H. S. Washington, Journ. Geol., Chicago, vol. xxi (1913) pp. 702, 
707, and vol. xxii (1914) p. 19. 
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petrographic provinces, and two of these furnish analyses of zgirite- 
granites which resemble rockallite quite closely. That which 
resembles it most is the egirite-rich portion of the alkali-granitie 
mass of Ampasibitika in Madagascar, the analysis of which is given 
under III in the Table on p. 297. This has been described by 
Prof. Lacroix, who calls attention to its close analogy with 
rockallite. | Another is an egirite-granite from Corsica (Analy- 
sis IV),in which island Dr. Deprat has discovered a small province 
of highly sodic rocks. The symbols of these two granites are 
respectively II’. 3’. 1.4 and (II) III. 4. 1. "5, which express very 
clearly their relations to the two fragments of rockallite. 

The Pyroxene. 

The most interesting mineral in rockallite is the pyroxene, 
some optical data of which, as determined by Wright, have been 
given on a preceding page. The chemical composition of the two 
pyroxenes as a whole is very readily calculated from the analytical 
data, and the results obtained by Judd and myself are given below, 
together with some recent analyses of other egirites, and one 
acmite. The earlier analyses may be consulted in the mineralogical 
text-books of Dana and Hintze. 

V. vi. VET. VILE IX. X. 

SO os Gere seeaa 51:97 50°63 50°45 51°73 51°08 51°35 
iOS eee ee ox 0-77 0-90! 0°64 0°66 roan 
ZrOn coe 267. 0-080) Sake i: et 
ALO. eee none none 1:78? 1-91 0°80 1°59 
CeO: Soke si 0-84 pe me oe Wie 
We, OF occ seeaess 33°48 =. 29°92 23°42 31°86 29°30 © ( 'S2°Ers 
RaQ cok scree eS 1°64 5°26 0°87 2°29 2°59 - 
i Bc) 0 Oe ecb Dane 2°41 0°28 0°10 0-60 IEE 0°37 
NOL cto es 0-20 RY. ale a oe a6 
Mae O42 fatAGeg.: 2 0°37 0°25 1:48 0-14 trace none 
CaO Ree cae 0°52 1:41 5°92 0°87 2°54 trace 
NagO sete: 10:97 11°59 9°84 11°43 11°50 11°39 
KOU Aaa none none 0:24 0°40 A trace 
FSO ee oe aie isis none none . 0°55 0°20 1-04 suse 

Totals*. .-iee > 99°92 100°00 100°02 100°65 100°32¢ 99°40 

1 Determined by H. S. W. ? Corrected for TiO, and ZrO, 

V. Agirite-acmite, Rockall. Calculated by Judd. 
VI. Agirite-acmite, Rockall. Calculated by Washington. 

VII. Aigirite, Magnet Cove (Arkansas). G. Steiger, analyst. Am. Journ. 
Sci. ser. 4, vol. xiii (1902) p. 36. 

VIII. Aigirite, Quincy (Massachusetts). C. H. Warren, analyst. Am. 
Journ. Sci. ser. 4, vol. xxxi (1911) p. 553. 

IX. Mgirite, Brevik (Norway). S. Hillebrand, analyst. Tscherm.. Min. 
Petr. Mitth. vol. xxxii (1913) p. 249. 

X. Acmite, Brevik (Norway). C. Deelter, analyst. Tscherm. Min. Petr. 
Mitth. vol. i (1878) p. 381. . 

It will be seen that the two calculated compositions of the 
Rockall zgirite agree fairly well, apart from the presence of minor 
constituents and the probably too high manganese oxide of No. V. 
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The Rockall pyroxene resembles other xgirite-acmites in general 
features, but is notably lower in ferrous oxide, especially in 
comparison with the older analyses. It is also markedly lower in 
lime, except in the case of the Quincy egirite (VIII). The 
amount of titanium oxide is comparable with those in the Quincy 
and Brevik minerals. As the presence of. this constituent was 
strongly suspected also in the Magnet Cove egirite, Dr. Steiger 
not having determined it in his analysis, I obtained, through his 
kindness, a portion of the material analysed by him, in which I 
determined titanium oxide and zirconia. The results are given in 
No. VII, the original figure for alumina (2°76) being corrected 
for their presence. 

There are apparently only five analyses in the literature of 
brown acmite,’ and while these are of early date, incomplete, and 
not wholly satistactory, they all differ consistently from the analyses 
of egirite in their much lower proportion of lime. Agirite and 
acmite unquestionably are closely related chemically, crystallo- 
graphically, and optically in many respects; but the marked 
differences in colour, character, and strength of pleochroism, and 

apparently also, but to a less extent, in extinction-angle, indicate a 
constant chemical difference between the two. This matter has 
been discussed both by Prof. Deelter and by Prof. Brégger, but 
without either investigator arriving at any definite conclusion. 
This may be attributed in part to the difficulty of obtaining 
pure acmite substance for analysis, as it is commonly intergrown 
with egirite; and in part to the faulty character of the analyses 
which have been made of this mineral. ; 

The presence of ceria and other rare earths and the large amount 
of zirconia found in the rockallite, which can be present only or for 
the greater part in the pyroxenes, suggests that herein is to be 
found the essential difference between egirite and acmite: that is, 
that these constituents are characteristic of acmite, but not of 
egirite. All the silicates which contain much cerium, as melano- 
cerite, allanite, cerite, mosandrite, and rinkite, are yellow or 
yellow-brown, with weak pleochroism. Similarly, it is well known 
that the zirconia-bearing pyroxenes,—rosenbuschite, livenite, wohl- 
erite, hiortdahlite—are all yellowish and have generally weak pleo- 
chroism. It may, therefore, be considered possible or probable that 
ceria and zirconia form an essential part, and are characteristic, 
of the molecule of the brown acmite, while they are wanting, 
or are present only to a slight extent, in the green egirite. 

This is, as yet, merely a suggested hypothesis, and, in order to 
decide the question, complete analyses are needed both of brown 
acmite and green egirite, especially that associated with the 
former. The smallness of the amount of zirconia found by me in 
the Magnet Cove egirite (which was the only appropriate material 
available), would seem to favour the view here advanced; but, of 
course, a single determination is quite inadequate to settle the matter. 
The chemical study of these minerals is to be undertaken in the 
near future. 

1 C. Hintze, ‘ Handbuch der Mineralogie,’ vol. ii (1897) p. 1134, nos. i-v. 



302 THE COMPOSITION OF ROCKALLITE. [ June 1914. 

. DiscusstIon. 

Prof. W. W. Warrs commented on the exhaustive character of 
Prof. Judd’s account of rockallite from the very seanty amount of 
material at his disposal. The speaker referred to the strange fact 
that the rocks of so many of the islands off Britain showed 
characters unrelated to those of any known rocks on the mainland. 
He cited especially, in this connexion, Ailsa Craig, Lundy, the 
Wolf Rock, Bear Island, and Rockall. 

Dr. J. W. Evans referred to the fact, to which Dr. Harker had 
drawn attention in his Presidential Address to the Geological 
Section of the British Association at Portsmouth in 1911, that 
alkaline rocks were apt to occur on the margin of igneous areas. 
Those of Kathiawar, for instance, were found in an outlying portion 
of the basalts of the Deccan Trap: they might be compared with 
the Rockall intrusive, which was associated with basaltie rocks, 
found by dredging in the neighbourhood, that might (as Prof. 
Grenville Cole had suggested) be of the same age as those of the 
North-East of Ireland and the Inner Hebrides. The earlier 
accounts of Rockall which attributed to it a larger area, and in one 
case mentioned another island in the immediate neighbourhood, 
might be explained on the supposition that a portion of the basaltic 
platform had once emerged above the surface of the sea, and had 
since been removed by marine erosion. 

Mr. F. P. MENNELL said that he was interested in the Author’s 
suggestion concerning the presence of cerium in the acmite. His 
own experience in Tropical Africa showed that cerium commonly. 
occurred in the granites as the silicate orthite, or allanite; but 
there was another occurrence, interesting in the present connexion. 
Near Bulawayo a rock consisting essentially of microcline and 
augite occurred. The latter mineral was not egirite or acmite, 
but was evidently an alkaline variety—as it was pleochroic, and 
had an extinction-angle smaller than that of most pyroxenes. In 
some altered varieties of the rock it was changed to epidote, and 
certain offshoots were practically transformed into felspar-epidote 
rocks. The epidote contained brown patches of orthite, which 
must have been formed from substances originally present in the 
ferromagnesian mineral. | 

He noticed that the Author did not regard geological occurrence 
as an important factor in rock-classification. But, after all, this 
was the real difference between, for instance, granite and rhyolite. 
Those who worked at igneous rocks in the field would, he thought, 
be sorry to give up such intelligible principles as occurrence in 
favour of purely artificial systems like the Quantitative Classifi- 
cation of which Dr. Washington was joint author. 

Mr. R. 8S. Herrizs thought that the fact that large islands had 
been placed, in accordance with reports of early navigators, on the 
Rockall and other banks was probably due to clouds settling upon 
the banks and causing at a distance the appearance of land. He 
reminded the Fellows of a landing on the island, effected some few 
years ago, when a liner from North America ran on to it and was 
wrecked with loss of life. Had there been any geologists among 
the survivors, more specimens of the rock might then have been 
obtained. 
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I. InrRoDUCTION. 

THE igneous rocks under consideration fall within an area about 
7 miles square, included in Sheet 25 of the Geological Survey’s 
1-inch map of Scotland. 

It is generally believed that they date from a late period in 
the history of the ‘ Plateau Eruptions’ of Calciferous Sandstone 
times, and correspond with the trachytic lavas and intrusions 
of the Garleton Hill district (East Lothian), and with the similar 
intrusions in the Campsie and Renfrewshire hills. The only 
new evidence obtained, bearing upon this suggestion, weakens 
rather than supports it: a small neck, the Little Hill, including 
ash and plugged by basalts of two types, has been found within 
the Eildon complex of felsitic and trachytic rocks, and is almost 
certainly of subsequent origin. But it should be borne in mind 
that the admittedly-late felsitic and trachytic intrusions of the 
Campsie Fells are in certain cases cut by still later basalts. 

The restricted area over which acid rocks of this suite extend 
in the various districts of Scotland in which they occur is partly 
due to extreme denudation, and partly to the viscous character 
of their magma. Only in the Garleton Hills are extensive lava- 

- flows preserved. It seems fairly certain to me that Dr. Peach is 
right in regarding none of the Melrose rocks as lavas, although 
the evidence does not altogether exclude the possibility of lavas 
entering into the Eildon complex. 

The rocks may be grouped, according to their field-relations, as 
follows :-— 

Laccolites and sills.—White Hill; Black Hill; Bemerside; Eildon 
Hills; Bowden Moor Quarry ; Whitelaw Hill. 
-Dykes mostly trending north-eastwards.—Several are strung » 

through the country between Melrose and Selkirk; two north-west of 
Earlston. 

Necks.—Chiefswood; Little Hill, described here, although in the main 
basaltic ; a small neck with trachyte, in a little gorge between Bowden Moor 
Quarry and Rhymers Glen; Faldonside Moor ; a small neck on the banks of 
the Tweed, not visited. 

Q. J.G.S. No. 279. ¥ 
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II. RELATION TO THE UPPER OLD RED SANDSTONE. 

The more easterly masses, such as White Hill, Black Hill, and 
Bemerside, are associated with the main outcrop of the Upper 
Old Red Sandstone of Roxburghshire. The more westerly, though 
situated in advance of this outcrop, in a region predominantly 
composed of Silurian greywackes, have in certain cases sheltered 
small outlying patches of Old Red Sandstone. Dr. Peach,” who 
mapped the district for the. Geological Survey, shows a some- 
what extensive outlier of Upper Old Red Sandstone forming 
the pedestal of the Eildon Hills, and a long strip at the side 
of the Chiefswood neck. Mr. J. Pringle? has described a minute 
patch at Whitelaw Hill, Fox’s Cover, and Oakwood Mill; im 
each of these cases it is associated w dx the igneous we 
and I have recently found another under the Bowden-Moor Quarry 
trachyte. There is also a patch of Old Red Sandstone on the 
south-eastern flank of Cauldshiels Hill. Although it is not 
particularly well exposed, I have been led to believe that a good 
deal of it was got out of the quarry when first worked. 

The evidence for these various outliers, except that alongside 
of the Chiefswood neck and the Eildon Hills, is far from easy 
to find. The presence of the Bowden-Moor Quarry outlier is. 
betrayed by numerous bits of hard quartz-grit, stained deep red, 
lying beneath the turf on the south-eastern flank of the hill, just: 
above the farmhouse. At Whitelaw Hill a coarse yellow gnt 
is found at the south-east side of the cap of trachyte, and is 
attributed by Mr. Pringle to the Upper Old Red Sandstone. At 
Cauldshiels Hill, baked yellow and red sandstone and mudstone 
oceur on the south-east side of the trachyte-dyke, below the 
old fort. 

The main -purpose of the present paper is petrographical. On 
account of their striking position dominating Melrose, and their 
curiously barren aspect, the Eildon Hills have so far attracted more 
attention than the other intrusions. As early as the ‘forties’ of 
last century, Prof. Forbes gathered a small collection of typical 
varieties from the Eildons. This material is still preserved in the 
Hunterian Museum, Glasgow; but no description seems to have 
been published. Dr. Peach, in the Geological Survey map of 
the district published in 1879, gives a useful classification of the 
igneous rocks of the Melrose district under three headings : 
intrusive basalt, intrusive felstone, and volcanic agglomerate—the 
last-named in necks of Calciferous Sandstone age. “An important 
petrographical advance was accomplished by Mr. T. Barron $ in 
1896. He examined rocks from the Eildon Hills and the Black 
Hill, and demonstrated the occurrence of the rare amphibole 
riebeckite in the Mid Hill of the former group. He believed 

1 In Sheet 25, Geol. Surv. 1-inch map, published in 1879. 
2 «Notes on Three Small Outliers of Old Red Sandstone in the Neighbour- 

hood of Selkirk’ Trans. Edin. Geol. Soc. vol. ix (1909) p. 351. ~ “ 
* Geol. Mag. dec. 4, vol. iii (1896) pp. 373-75. 



Vol. 70. | INTRUSIONS NEAR MELROSE. 305 

that nepheline occurred somewhat freely in association with the 
riebeckite ; but it seems unlikely that such is the case, for inter- 
stitial quartz is present in most instances, and I have failed to 
detect nepheline in the many specimens examined (both micro- 
scopically and by staining). He also drew attention to the felsitic 
texture characteristic of the Mid Eildon mass, and to the pre- 
dominance of typical porphyritic trachytes in ‘ Easter’ Eildon - 
(North). He described the Black Hill, and both here and in 
the North Eildon suggested the original presence of riebeckite. 
He regarded the two masses as remnants of lava-streams of Old 
Red Sandstone age; but his own observations on the Black Hill 
are strong evidence against such an interpretation. Following 
this description, we find passing references to the igneous rocks 
of the neighbourhood in the account given by Dr. Peach & 
Dr. Horne of the Silurian rocks of Southern Scotland. The 
‘felstones ’ are now spoken of as trachytes, and the main features 
of the Chiefswood neck !—its probable Carboniferous age and its 
contents of greywacke and trachyte-blocks—are touched upon 
briefly. Dr. Harker” has more recently figured a specimen from 
the Mid Eildon as an example of riebeckite-orthophyre. 

It was evidently desirable to obtain a more comprehensive 
knowledge of the petrology of the district, and with this end 
in view the various exposures have been carefully examined, and a 
large number of specimens collected and sliced. In the following 
pages the intrusions are considered in the order in which they are 
eited on p. 303. 

The chief rock-types represented are :— 

(1) Quartz-trachytes. 
(2) Non-porphyritic: for instance, Bemerside. 
(b) Porphyritic, Black Hill. 

(2) Sanidine-trachytes. 
(a) Non-porphyritic, Cauldshiels Hill, Whitelaw Hill, etc. 

with fresh riebeckite, Mid Eildon. 
with egirine-augite and olivine, Mid Eildon. 
without fresh ferromagnesian mineral, North 

Eildon. 

(3) Felsites, with fresh riebeckite, Eildon West and Mid Hill. 

(4) Quartz-porphyry. 

(5) Sanidine-porphyry. 

(6) Basalt, Little Hill. 

(7) Voleanic agglomerate, ash, ete. 

(b) Porphyritie, 

e III. Laccorrres anp Srrts. 

The White Hill is covered with ploughed fields, and bounded 
on the north-east and south-east by Upper Old Red Sandstone and 
on the west by Silurian rocks, but actual contacts are not seen. 

* Mem. Geol. Sury. ‘The Silurian Rocks of Britain’ 1899, vol. i (Scotland) 
p. 190. ' 

2 «Petrology for Students’ 4th ed. (1908) pp. 128 & 129, fig. 33 B, 

¥2 
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It is composed of a fine-grained, pink, orthophyrie trachyte 
rich in soda. The phenocrysts are chiefly orthoclase, or twinned 
albite with a vein of orthoclase, and some soda-orthoclase. The © 
ground-mass is mainly of orthophyric orthoclase embedded in 
limonite, which replaces the original ferromagnesian mineral, 
possibly riebeckite. 

The Black Hill, with its steep southern slopes of platy — 
screes, is an intrusive sheet of porphyritic quartz-riebeckite- 
trachyte, this expression being used to denote a porphyritic 
trachyte which contains a fair proportion of interstitial quartz. 
This quartz occurs most freely on the upper part of the sheet. — 

On the south side of the hill the lower contact of the trachyte 
with Upper Old Red Sandstone containing scales of Holoptychius 
is well seen in a disused quarry. It runs nearly parallel with the 
bedding of the sandstone, but cuts across 1t in places. At the 
back of the hill the Old Red Sandstone overlies the trachyte, 
thus forming the roof of the sheet. The rock is sometimes 
beautifully banded parallel to its floor, which dips gently northwards. 
In the quarry the trachyte is compact and non-porphyritic at its 
base; but within a foot above the junction it shows scattered . 
phenocrysts of white sanidine, which increase in number towards 
the more massive centre of the sheet. The rock is characterized 
by a platy, crinkly fluxion-cleavage. The best-marked joints are 
parallel to the dip. When struck with a hammer it emits a 
peculiar sulphurous smell. ‘The mineral constituents are :— 

_ Sanidine, as fresh phenocrysts, and laths showing Carlsbad twinning in 
the ground-mass. 

Quartz, abundant interstitially. 
Limonite, filling spaces among the felspars; in one slide are bluish- 

green pleochroic needles among the secondary limonite, and these 
have the habit of the Eildon riebeckite. 

The structure is trachytic. 
There is a lower sheet in the wood above the road. — 

Bemerside Hill has been cut into by the Tweed so as to 
form a steep cliff of non-porphyritic quartz-trachyte (see 
Pl. XUI, fig. 5). The contacts of the trachyte are everywhere 
much covered with grass, but the appearances rather suggest a 
dome-shaped massive intrusion. In the quarry near the turn 
in the road a well-jointed face is exposed, with one set of joints 
arching roughly parallel to the outline of the hill, which looks 
as though its present surface approximately corresponds with the 
original form of the intrusion. The other set of joints are about 
15° from the vertical near the edge, and become vertical near 
the centre. The rock is purplish and compact, with pinkish-white 
spots and a few scattered felspar-phenocrysts. It weathers yellow, 
showing a considerable development of white tale (or kaolin) and 
pyrolusite along the cracks. Under the microscope it is seen to be 
a mass of trachytic sanidine-needles, with interstitial quartz and — 
much lmonite. . 
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The Eildon Hills are probably the denuded remains of a 
composite laccolite. The North Hillis petrographically distinguish-. 
able, as Mr. Barron has pointed out, from the Mid and Wester 
Hills, and was probably a subsidiary dome. As the laccolite lies 
far above the plane of local erosion, its entire sedimentary cover 
and a good part of the igneous core have been removed. At the 
present time some 300 or 400 feet of the latter remain. There is 
no representative of the roof except, perhaps, the narrow band 
of Old Red Sandstone which is exposed in the quarry between. 
Mid and North Hills. Probably only the eastern half of the 
laccolite is preserved, as is indicated by the outward dip of the 
rocks in the north-eastern and south-eastern quadrants. The 
present western boundary and its three feeders represent the 
central part of the original laccolite; and the small outlier of 
Bowden-Moor Quarry, with its strip of underlying Old Red Grit, 
is probably the sole remnant of the western half. 

That the igneous rocks are in the form of thick sheets or a 
laccolite, rather than a plug, is inferred from the general appear- 
ance of the mass; but clear exposures, showing that it has a base, 
are nowhere available. That portions, at least, of the complex are 
intrusive is clear from the following considerations :— 

A narrow strip of igneous rock connects the North and Mid Hills, and it is 
seen that this strip, in part at least, has dyke-like relations, for the igneous 
rock cuts steeply through Old Red mudstone exposed at the brink of a 
small quarry. The chilled edge against the mudstone is remarkable for its 
spherulitic structure. 

The dyke-like offshoots which break the even western boundary of the Mid 
and Wester Hills must be transgressive in their relations. The middle one, 

as exposed in a quarry south of some targets, cuts right across the bedding of 
the vertical Silurian, and then runs along parallel to the bedding. 

The only evidence suggesting the presence of lavas is the rather 
stratiform appearance of the hills. This is most probably due to 
the intrusion of the mass sheet by sheet. 

The steeper slopes of the Mid and Wester Hills are covered 
by scree, while the North Hill is much overgrown with grass : 
continuous zoning of the intrusions is, therefore, fraught with 
considerable difficulty. 

The North Hill has a particularly stratiform appearance. 
The lowest portion consists of porphyritic sanidine-trachyte, 
with a spongy aggregate of secondary limonite which recalls the 
habit of riebeckite. This rock is found next to the Old Red 
Sandstone in many portions of the complex. Above this, pink 
non-porphyritic sanidine-trachyte with much quartz is 
sometimes found; it is composed of sanidine-laths, abundant 
mossy limonite, probably after riebeckite, and a fair proportion of 
interstitial quartz. Specimens from below the prominent crags 
on the north-west side of the hill, and from a corresponding 
point farther east, show quartz-phenocrysts quite clearly. Under 
the microscope the quartz-phenocrysts exhibit sharp idiomorphic 
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boundaries, with very few inclusions; felspar-phenocrysts are 
entirely chaleedonized, and lie in a microcrystalline ground-mass 
containing much spongy limonite. It is possible that this quartz- 
porphyry occurs as a sheet running parallel to the contours, but 
the nature of the exposure is such that it is impossible to speak 
with certainty. The topmost rock of the hill, usually ending in an 
abrupt escarpment, is a highly porphyritic sanidine-trachyte 
with much quartz. It consists of numerous fresh sanidine pheno- 
erysts in a fine red ground-mass: the latter consists of sanidine- 
laths, interstitial quartz, and lmonite. 

No unaltered ferromagnesian mineral has been found in the 
North Hill, but the habit and distribution of the lmonite suggests 
pseudomorphs after riebeckite. 

About 100 feet below the base of the laccolite on the west side 
is a dyke of the same porphyritic trachyte. It seems to turn into 
a sheet in the Old Red Sandstone, rising slightly eastwards, and to 
crop out again in this form on the north and east sides of the hill. 

The igneous rock exposed on the col between the North 
and Mid Hills is a porphyritic trachyte like that of the 
lower part of the North Hill. 

In the Mid Hill similar porphyritic trachyte can be 
recognized in the lower part of the northern scree-covered slopes © 
adjoining the col just mentioned. It may even extend con- 
tinuously, perhaps as a basement sheet, to the more northerly of 
the dykes jutting from the margin of the Mid Hill. This dyke, as 
also its neighbour on the south, consists of sanidine-porphyry. 
So far as one can judge on the scree-slope, the more southerly 
porphyritic dyke extends for some little distance vertically into 
the overlying felsite. There is, at the same time, the suggestion 
that the porphyritic rock furnishes a bottom layer to the complex, 
and reaches across the col between the Mid and Wester Hills. 

The porphyritic trachyte of these exposures is red and 
much stained with limonite. It is rough to the touch, and 
porous. Amygdales are sometimes abundant, and the joiting is 
platy. Phenocrysts of fresh sanidine are found, but they are 
more often pseudomorphosed in kaolinite or chaleedony. They lie 
in a trachytic ground-mass of small fresh sanidine-laths, spongy 
limonite, and much secondary quartz filling vesicles and pores. 
The quartz is sometimes idiomorphic, and is accompanied by 
chalcedony. 

Closely similar porphyries, with a microcrystalline and felsitic 
ground-mass, also occur. 

Much the greater part of the Mid and Wester Hills is 
formed of riebeckite-felsite (see map, Pl. XLII). The 
featuring of the two hills suggests that this rock occurs in two 
layers. The upper layer shows magnificent columnar structure, 
with very perfect hexagonal columns, on the south-western slopes 
of the Wester Hill. 

The felsite (Pl. XLI, fig. 2) is very hard and compact, and 
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has yielded a profusion of platy screes. In the lower layer the 
rock is pink, with small dark patches of riebeckite. Under the 
microscope the riebeckite-growths are minute, and largely altered 
to limonite. In the upper layers the rock is purplish grey, 
weathering pale pink or white, with conchoidal fracture. Fresh 
riebeckite is abundant in nests and irregular aggregates: it is 
pleochroic, from deep blue to lemon-yellow. The ground-mass is 
felsitic, with much secondary quartz in large plates. The higher 
parts of the upper layer become coarser, and show microporphyritic 
sanidine-crystals ; a brownish-green biotite also occurs in one slide 
from the summit of the Wester Hill. 

This rock, as indicated later, is the only one containing fresh 
riebeckite that is found in any of the necks. In these “higher 
horizons there is an increasing proportion of soda, and phenocrysts 
of soda-orthoclase have been found in the corresponding rocks of 
the Mid Hill. These rocks closely approach keratophyres. 

Two interesting rocks occur towards the top of the Mid Hill. 
The actual summit consists of orthophyric riebeckite- 
trachyte, while to the west of this occurs augite-olivine- 
trachyte. Hand-specimens from the junction can be selected 
showing the two types intimately mixed. 

The orthophyric riebeckite-trachyte (Pl. XUI, fig. 4) 
is a very hard, compact, brown rock with a contorted fluxion- 
cleavage, recalling in appearance corrugated iron. Riebeckite 1s 
conspicuous in blue mossy aggregates. Under the microscope, 
large and fairly abundant phenocrysts of anorthoclase le in an 
orthophyrie ground-mass of sanidine-prisms, embedded in deep-blue 
pleochroic riebeckite, and a small quantity of interstitial primary 
quartz. It is this summit-rock which, as already mentioned 
(p. 305), has been figured by Dr. Harker. 

The augite-olivine-trachyte (Pl. XLI, fig. 3) is a very 
hard, compact, grey-green rock, with good felspar-phenocrysts. 
It weathers to a buff colour, and has an irregular fracture. Its 
small, fresh ground-mass felspars impart to it a saccharoidal lustre. 
The phenocrysts are orthoclase, with probably some anorthoclase, 
and egirine-augite in long thin crystals showing transverse sections 
with (100) and (110) developed almost to the exclusion of (010). 
The extinction-angle of this egirine-augite is 5° to 9°. The ground- 
mass in which the phenocrysts lie consists of trachytic sanidine, 
with fluidal arrangement, and abundant, fresh, bright-green sgirine- 
augite microlites. The olivine is represented by occasional yellow 
or reddish-brown pseudomorphs of characteristic ‘shape. 

As the olivine increases, the pyroxene changes from egirine- 
augite to grey-green augite with an extinction- angle of 43° vand j 1s 
confined to the evound- -mass, which latter becomes orthophyrie. 
Soda-felsparss preponderate : both twinned and untwinned albite 
occur, the latter with a rim of orthoclase. Zircons of large size 
oceur, both in this and in the riebeckite-trachyte. 

This augite-olivine-trachyte closely resembles specimens from 
Tyaprain Law and the Bass Rock (East Lothian). It is more 
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likely that nepheline will be found in this type than in any of 
the others met with in the Hildon Hills, but as yet neither micro- 
scopic examination nor staining has revealed any. 

Bowden Moor Quarry.—Near Bowden Moor, half a mile due 
west of Hildon Wester, is an oval, grass-covered mound, of which 
almost the whole interior has been quarried away. The quarry 
yields a fine-grained, pink, compact trachyte, showing scattered 
small sanidine-phenocrysts, generally decomposed. These lie in a 
trachytic ground-mass of sanidine-laths, with a certain amount of — 
primary interstitial quartz, sometimes enclosing the laths ophitically. 
Secondary quartz is abundant in small vesicles. Limonite, in — 
spongy aggregates and large masses, possibly represents origmal 
riebeckite. The rock, as a whole, resembles the trachyte of the 
spur extending westwards from Eildon Wester Hill. 

The Whitelaw Hill Sill les about a mile and a quarter 
south-west of the above, and is petrologically so similar that it 
does not require description. It forms the oval cap of the hill, its 
longest diameter being about 10 yards. It is in contact with 
Silurian shales and greywackes, except on its south-east side, where 
a coarse yellow grit is found, which Mr. Pringle attributes to the 
Upper Old Red Sandstone. The north-western boundary is a black- 
banded flinty rock with conchoidal fracture, which extends for 
some distance beyond the present position of the trachyte. It 
would seem to be a fine-grained shale, intensely indurated by 
silicification subsequent to the intrusion. The mass appears to be 
in connexion with a dyke which runs south-eastwards from the 
hill-top. 

TV. DyYxkers. 

The dykes of the district nearly all run in a general north- 
easterly direction ; it is certain that many of them belong to the 
same suite of intrusions as the laccolites and sills just described, 
but it is possible that some may date from the Lower Old Red 
Sandstone period of igneous activity. _ , 

The field-evidence bearing upon the point is as follows :—Two 
trachyte-dykes of rather irregular form cut the Upper Old Red 
Sandstone north-west of Earlston. Two others are met with in 
the narrow strip of the same formation bordering the Chiefswood 
neck, while a quartz-porphyry dyke is found actually within this 
neck. A. large trachyte-dyke forming Cauldshiels Hill, though. in © 
the main traversing Silurian strata, cuts across a small outlier of 
the Upper Old Red Sandstone immediately south-east of the old 
fort. 

The group of three dykes, half a mile south-west of Cauldshiels 
Hill, has been found to consist of riebeckite-trachytes, wherefore 
their connexion with the Eildon suite of intrusions may be taken 
for granted. a 
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The various dykes of the district will now be dealt with briefly 
under the respective headings trachyte, porphyry, felsite, and 
quartz-porphyry. 

Trachyte.—Two purplish-pink trachytic dykes cross the main 
road north-west of Earlston. They contain phenocrysts of albite, 
surrounded by orthoclase, in a trachytic gyround-mass. They 
resemble the White Hill sill very closely. 
‘The Cauldshiels Hill dyke is a: trachyte, composed of 

sanidine-laths with beautiful trachytic structure, and an occasional 
sanidine-phenocryst. Limonite replaces some of the felspar-laths, 

- and is also present in grains. There can have been very little, if 
any, ferromagnesian mineral present originally. 

The riebeckite-trachytes, half a mile south-west of Cauldshiels 
Hill, contain large kaolinized felspar-phenocrysts in a mottled, 
fine-grained, purplish, trachytic ground-mass of sanidine-laths, 
numerous tiny fresh riebeckite-prisms, and interstitial quartz. 
Towards the centre of the largest dyke ‘the structure approaches 
the orthophyriec. 

Porphyries.—On the shores of Cauldshiels Loch are 
three porphyry-dykes which strongly resemble the trachytes just 
described. ‘They are ‘greatly altered, and contain only kaolinized 
felspars and limonite-pseudomorphs, possibly after riebeckite. 

Felsites.—A beautifully-banded felsite occurs as a dyke at the 
top of Rhymers Glen, close to the Birkhill Shales. The margin 
which abuts against Silurian greywacke is fine-grained and sphe- 
rulitic. Then follow alternate pale and dark-brown bands, the 
latter opaque under the microscope. Towards the centre the 
dyke is coarser, and presents an irregular fracture. Occasional 
microphenocrysts of altered felspar occur in the fine-grained felsitic 
base, which, under crossed nicols, shows patchy devitrification. 
Numerous quartz-veins traverse the dyke. 

Quartz-porphyries.—The dyke intruded in the Chiefswood 
neck consists of small quartz and orthoclase-phenocrysts in a 
compact pinkish-brown matrix. The quartz-phenocrysts give 
rounded or square sections, and are subordinate to those of ortho- 
clase. The latter are altered rectangular aggregates of muscovite, 
calcite, and a little quartz. The ground-mass is a microcrystalline 
agereoate of quartz, orthoclase, and some limonite. 

A long quartz-porphyry dyke, lying north-west of Whitelaw 
Hill, contains large phenocrysts of deep-green pleochroic soda- 
pyroxene, kaolinized felspars, and idiomorphic quartz, in rectangular 
and hexagonal sections. 

A 4-foot dyke, branching like a tuning-fork on the northern 
shore of Cauldshiels Loch, carries phenocrysts of kaolinized 
felspar and corroded quartz, the latter containing numerous in- 
clusions of ground-mass. Irregular patches of limonite probably 
represent some decomposed ferromagnesian mineral. 



312 LADY McROBERT ON ACID AND OTHER [ Dec. 1914, 

A large dyke extending across the Cauldshiels Loch 1s very 
similar, and shows large, columnar, idiomorphic phenocrysts of 
sanidine which can be picked out intact. These are carried in a 
red ground-mass. 

V. Tue NEcKSs. 

The Chiefswood neck is oval. Its larger diameter is a 
mile and three-quarters long, and ranges north-east; the smaller 
measures three-quarters of a mile. 

It extends from Melrose well up into the hpelenee country, 
about 700 feet above sea-level. It is in contact with Silurian 
strata, except along its south-eastern boundary, where, as already 
stated, Upper Old Red Sandstone still remains. 

The materials of the vent are exposed in Huntly Burn and in 
its three tributaries coming from the high ground on the south. 
They consist here of decomposed yellow clay, well bedded near 
the margin of the neck, and dipping inwards at about 30°. The 
junction “with the Silurian greywacke is clearly visible in Rhymers 
Glen, about 20 yards below the lowest waterfall. 

There are plenty of quarries in the neck where fresh agolomerate 
can be examined. ‘The largest lies close to the railway-station, and 
provides building-stone for Melrose. The agglomerate seen in 
these quarries is a coarse accumulation of angular fragments up to 
6 and 9 inches in diameter, with finer débris furnishing a matrix. 
The fragments recognized were :— 

Greenish and grey micaceous shales. 
Grits and greywackes. 
Dark red sandstone. § OLD RED SANDSTONE. 
Flesh-coloured quartz-porphyry. 
Hard purple porphyry. 
Pink trachytes, similar to the Eildon trachytes. 
Amygdaloidal greenish basic glass. 
Olivine-basalt. 

The Little Hill neck is dealt with in this paper, on account 
of its occurrence within the Eildon complex, otherwise its basic 
constitution would exclude it from consideration here.. The main 
rock is a plug of fine-grained non-porphyritic basalt stained by 
limonite, and often brecciated. This basalt consists of basic plagio- 
clase, with fluxional arrangement and zoned with a fair proportion 
of orthoclase and abundant olivine in small granules. 

An associated rock at the western end of the hill is closely allied 
to the Markle type of basalt. Phenocrysts of basic labradorite 
(60 to 70 per cent. anorthite) and decomposed olivine lie in a 
ground-mass of labradorite-laths associated with much limonite. 
On the two sides of a wallat the western end of this composite 
plug an ash occurs, containing small fragments of basalt, trachyte, 
greywacke, and shale. Small dy kes are seen penetrating the ash 
trom the adjoining plug. 

The Little Hill neck is bounded on the west by sedimentary rocks 
of Silurian age, but on the north is in contact with a narrow band 

SILURIAN. 
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of trachytic rock, fine-grained at its margin, although it becomes 
coarser away from the junction. 

The contact of the trachyte with the Silurian rocks is exposed 
near the path; but, owing to the striking similarity of the rocks 
in colour and texture, is most difficult to locate. The Silurian 
rocks consist of much-indurated coarse and fine bands, greatly 
contorted and crumpled, which seem to have been pushed aside and 
diverted from their normal strike. 

A small neck occurs in a ravine between the 800- and 900-foot 
contours, south-east of Rhymers Glen. The country rock in its 
immediate neighbourhood consists of much-shattered red shale and 
ereywacke. The neck is filled, partly by a bright pink non- 
porphyritic vesicular felsite saturated with hmonite, and partly by 
a breccia of angular fragments of a pink igneous rock and some 
bits of sediment in an igneous matrix. 

There are but few exposures in the Faldonside Moor neck. 
- Hillocks of medium-grained ash exist, which in their easterly ex- 
tension contain numerous fragments of red honeycombed sandstone. 
The microscope shows a little sedimentary material in the main 
ash, with pumiceous and glassy igneous rocks, porphyritic and 
non-porphyritic trachytes, and, most interesting of all, a fresh piece 
of riebeckite-felsite, containing green-brown biotite, exactly 
like the felsites of the upper part of Eildon Wester. 

VI. SumMaARY. 

The following are the main results of my recent study of the 
district:— | : | 

(1) The recognition of the Little Hill basaltic neck within the 
Eildon Hill complex, the acid rocks of which it almost certainly 
pierces. 

(2) The extension of Mr. Barron’s record of riebeckite. He 
found this mineral in the Eildon Hills, and suspected its former 
presence in the Black Hill. It has now been found fresh in the 
latter, as also in three trachytie dykes half a mile south-west of 
Cauldshiels Hill, and in a block in the Faldonside Moor neck. 

(3) The recognition of a quartz-porphyry sill in the Hildon 
complex and a quartz-porphyry dyke in the Chieftswood neck ; 
also the realization that quartz is an important mineral in the 
Eildon complex as a whole, and that the main rock-type occurring 
there is felsite. 

(4) The proof that, if nepheline occurs in the Eildon complex, 
it must be very rare. 

(5) The fact that these rocks may be regarded as a link between 
the phonolites and trachytes of the same age south-east of Hawick ! 
and those of East Lothian,’ already so well known. They cannot 

1 H. J. Seymour, ‘Summary of Progress for 1900’ Mem. Geol. Surv. 1901, 
p. 164. 

2 <The Geology of Hast Lothian’ Mem. Geol. Sury. Scot. 2nd ed. (1910) 
pe bas. 
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lay claim to being phonolites themselves, as has been hitherto 
thought, but are closely allied. Their content of alkali is high. 
Soda- bearing minerals, such as riebeckite, egirine-augite, primary 
albite, and soda-or thoclase, are well developed and play an important 
part. Only a felspathoid is wanting to complete the analogy. 

I wish to take this opportunity of expressing my thanks to 
Dr. Peach, Dr. Flett, and Mr. E. B. Bailey for much valuable 
advice and assistance during the progress of the work, and also to 
Mr. G. W. Tyrrell for the loan of rock- sections. 

EXPLANATION OF PLATES XLI-XLIIL 

Pruate XLI. 

[Except in one case, the slides belong to the Author's collection. | 

Fig.1. Porphyritic sanidine-trachyte from the sheet below North Hill. 
Ordinary light, x 32 diams. (Slide No. 216.) The figure shows 
porphyritic sanidine-crystals in a ground-mass of orthoclase-laths 
and limonite. (See p. 307.) 

2, Fine-grained riebeckite-felsite from the southern slope of Wester Hill, 
100 feet below the summit. Ordinary light, x 37 diams. (Slide 
No. 14.) The figure shows dark patches of riebeckite im a fine 
felsitic ground-mass. (See p. 308.) 

3. Augite-olivine-trachyte from near the summit of Hildon Mid Hill. 
Ordinary light, x 18 diams. (Slide No. 14, Forbes Collection, 
Hunterian Museum, Glasgow.) The figure ahiows subidiomorphic 
crystals of sgirine-augite and small granular olivines in a mass of 
alkali-felspar. (See p.309.) From a slide kindly lent by Mr. G. W. 
Tyrrell. 

4, Orthophyric riebeckite- trachyte from the northern slope of Mid Hill. 
Ordinary light, x 37 diams. (Slide No. 73.) The slide shows 
stumpy erystals of alkali-felspar in interstitial plates of riebeckite. 
(See p. 309.) 

5. Quartz-trachyte from Bemerside Quarry. Crossed nicols, x 37 diams. 
(Slide No. 49.) ' The figure shows orthoclase-laths arranged in 
marked parallelism with interstitial patches of quartz. (See p. 306.) 

PLATE XLII. 

Fig. 1. Sketch-map of the Hildon Hills, on the scale of 6 inches to the mile, or 
1: 10,560. The broken lines drawn between the main rock-types do 
not represent definite geological boundaries, but have been inserted 
merely in order to give a general idea of the distribution of the types 
and the probable structure of the ground. 

2. Section, on a horizontal and vertical scale of 6 inches to the mile, 
drawn across the above map, along the line AA. 

PratTe XLII. 

General map, on the scale of 1°5 inches to the mile, or 1 : 42,240, showing 
the position of the various sills, dykes, and necks described in the 
paper, and their relations to the Upper Old Red Sandstone. 

bs 

is bali 
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DISCUSSION. 

Prof. W. W. Warts remarked on the peculiarity of the soda- 
bearing rocks described by the Author, in that they carried rie- 
beckite and wgirine, but apparently no nepheline. He asked how 
far the connexion shown in the section between dykes and sills was 
supported by field observations. 

Mr. W. CaMPBELL SMITH commented on the very wide sense in 
which the term ‘trachyte’ was used in the paper. He thought 
that many of the rocks mentioned were equivalent to those described 
by Dr. Prior as ‘phonolitic trachytes,’ while others containing 
more zgirine-augite and olivine might be acid members of the 
‘trachydolerite’ group. Dr. Prior had described closely similar 
rocks from British East Africa and from the Antarctic. 

He asked whether it was possible to determine the exact nature 
of the olivine in these rocks. The presence of fayalite in relatively- 
acid rocks, rich in iron-oxides and poor in magnesia, had been 
recorded recently, and further records of this mineral would be 
interesting. 

Dr. J. V. ELspEN said that particular interest attached to the 
rock described by the Author as olivine-trachyte, which appeared 
to be a highly specialized type and one that, if consolidated under 
plutonic conditions, might have been expected to produce a rock 
something like kentallenite. He regretted the necessity for apply- 
ing the term ‘ trachyte’ to these rocks, all of them being intrusives. 
He congratulated the Author upon her careful and detailed work 
in this area, which in some respects recalled certain features of the 
Christiania district. . 

Dr. J. W. Evans referred to the different use of the term 
‘ trachyte ’ in Germany and in the United Kingdom. In Germany 
the essential difference between a trachyte and an orthoclase- 
porphyry or orthophyre was formerly one of geological age and 
was now one of degree of alteration, and there was no objection to 
applying the former term to an intrusive rock. On the other hand, 
although a few British authors made the structure the criterion, as 
the Author had done, the great majority undoubtedly restricted its 
use to voleanic rocks. He was, however, doubtful whether such a 
restriction could be logically defended. 

The Avrnor, in reply, indicated on the sections those portions 
of the area that could be mapped with accuracy, arid those that 
were largely covered with screes. She had detected a mineral 
resembling fayalite in some of the acid trachytes: it forms small 
spherulitic growths with glass as interstitial matter. She added 
that petrographical nomenclature was always a most difficult 
matter, and presented ample scope for differences of opinion; but 
she had tried to do the best that she could with existing rock- 
names. In conclusion, she thanked the Fellows present for the 
kind reception given to her paper. 



316 DR. A. SMITH WOODWARD ON THE [ Dec. 1914, 

13. On the LowER Jaw of an ANTHROPOID APE (DRYOPITHECUS) 

Jrom the Upper Miocene of Liripa (Spain). By Arrutr 
SmirH Woopwarp, LL.D., F.R.S., Pres. G.S. (Read April — 

29th, 1914.) . 

[PLATE XLIV.] 

Rematys of the Anthropoid-Apes are so rare among fossils, that 
every new specimen is worthy of special description and discussion. 
I therefore offer to the Society some account of the fourth known 
example of the mandible of Dryopithecus fontant, which has 
been kindly lent to me by Prof. Luis M. Vidal, of Barcelona. It 
was found by Sefor José Colominas near Seo de Urgel, Province 
of Lérida (Spain), in a deposit usually ascribed to the Upper 
Miocene ; and, as already observed by Prof. Vidal,’ the specimen is 
of unusual interest, on account of its occurrence in association with 
the Hipparion fauna. The jaws of the same species previously 
discovered in France,” are from Middle Miocene formations; while 
the only traces of the great Apes of a later date hitherto’ found 
in Europe are a few teeth from the Bohnerz of Wiirtemberg 
and the well-known femur from the Sands of Eppelsheim (Hesse- 
Darmstadt). 

The new specimen (Pl. XLIV) comprises the greater part of 
the left mandibular ramus and the lower half of the symphysis, 
with the three molars well preserved and the roots of the fourth 
premolar broken in the socket. The pattern of the molars and 
the steepness of the symphysis determine the generic position of 
the fossil; while the proportions of the bone and the characters of 
the molar teeth are so closely similar to those of the specimens of 
D. fontani trom the type-locality, that (as already recognized by 
Prof. Vidal) it can only be referred to this species. The outer 
cusps of the molars are more worn than the inner cusps in the usual 
Ape-fashion (Pl. XLIV, fig. 1); and each antero-external cusp 
(protoconid) is flanked by the short cingulum characteristic of the 
genus (Pl. XLIV, fig. 3). The enamel is perfectly smooth, and 
the only crimping that might produce a small secondary cusp oceurs 
between the two inner cusps on the third molar. The first molar 

1 L. M. Vidal, ‘Nota sobre la Presencia del Dryopithecus en el Mioceno 
Superior del Pirineo Catalin’ Bol. R. Soc. Espan. Hist. Nat. 19138, pp. 499- 
507. : 

2 BH. Lartet, ‘Note sur un Grand Singe Fossile qui se rattache au Groupe des 
Singes Supérieurs’ C. R. Acad. Sci. Paris, vol. xliii (1856) pp. 219-23, with 
plate ; A. Gaudry,‘ Le Dryopithéque’ Mém. Soc. Géol. France, Paléont. No. 1 
(1890) pp. 1-11 & pl. i; E. Harlé,‘ Une Machoire de Dryopithéque’ Bull. 
Soe. Géol. France, ser. 3, vol. xxvi (1898) pp. 377-83, and ‘ Nouvelles 
Piéces de Dryopithéque & quelques Coquilles, de Saint-Gaudens (Haute- 

Garonne) ’ Ibid., vol. xxvii (1899) pp. 304-310 & pl. iv. For notes on teeth of 
Dryopithecus, see also O. Abel, ‘Zwei Neue Menschenaffen aus den Leitha- 
kalkbildungen des Wiener Beckens’ Sitzungsb. k. Akad. Wissensch. Wien, 
Math.-Naturw. Cl. vol. exi, sect. i (1902) pp. 1171-1207, with plate. 
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(m. 1) measures only 10 mm. in length, and is somewhat narrower 
than the others, with a relatively prominent antero-internal cusp 
(metaconid). The second (m. 2) and third (m. 3) molars measure 
11 mm. and 11°5 mm. in length respectively, and the third tapers 
a little behind where the posterior cusp (mesoconid) is relatively 
large. Of the fourth premolar it can merely be stated that 
the roots prove it to have beenas large as the same tooth previously 
described in Dryopithecus fontant. 

Fig. 1.—Cross-sections of the mandibular symphysis in 
various Primates ; two-thirds of the natural size. 

A. Adult Mesopithecus. B. Adult Dryopithecus. c. Adult Homo heidel- 
bergensis. D.1 Very young Chimpanzee, with (p?) young adult and (p*) 
adult female of the same. u.! Very young Gorilla, with (z*) adult female 
and (x*) adult male of the same. F. Adult Eoanthropus dawsoni. 

©The dotted border marks the insertion of the digastric muscle, and the thick 
black border the origin of the geniohyoid. | 

1 CARS ee for Poms 
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The bone is remarkably stout, and the symphysis, so far as 
preserved, is as heavy as that in the mandible described by Gaudry. 
As well shown in upper (Pl. XLIV, fig. 1) and lower (Pl. XLIV, 
fig. 4) views, the right ramus is broken away a little to the right of 
the median line; and, as seen in inner view (Pl. XLIV, fig. 2), the © 
upper ledge of the symphysis is partly obscured by hard matrix. 
‘The inner face of the mandibular ramus is accidentally indented by 
crushing in the lower part, but the symphysis evidently retains its 
original shape. The smooth bone bears no clear mark of the floor 
of the mouth (mylohyoid muscle), but the limits of the insertion 
of the large digastric muscles are distinct (Pl. XLIV, fig. 4, and 
text-fig. 1B, p. 317). The surface for the digastries (d.), which 
is divided in the middle line by a slight ridge, truncates the lower 
border of the symphysis obliquely, being directed both backwards 
and downwards; and the vertical thickness of the muscle at 
this insertion must have been scarcely less than 10 mm., or at least 
a quarter of the maximum depth of the jaw. From the anterior 
border of the digastric insertion the plane of the outer face of 
the symphysis inclines upwards abruptly, without any horizontal 
extension below (Pl. XLIV, figs. 2 & 4). Above the posterior border 
of the digastric insertion the inner face of the symphysis is 
impressed with the usual deep pit (Pl. XLIV, fig. 5), in which the 
two ovoid hollows for the origin of the geniohyoid muscles are 
seen. Above this again the inner face of the symphysis rises 
sharply, but soon turns forward into the long ledge sloping upwards 
to the front teeth. As shown in the broken section (Pl. XLIV, 
fig. 2), the cancellous tissue of the bone is of very open texture, 
and the outer dense wall appears to be unusually thin. 

The horizontal ramus of the mandible of Dryopithecus, with its 
symphysis, is therefore well known, and the two opposing views as 
to the systematic -position of this Ape may now be reconciled 
in the light of recent researches. In his original description, 
Lartet considered that the apparent shortness of the jaw implied a 
face more nearly human than that of the existing Anthropoids, and 
he pointed to other features which suggested some approximation 
to Man. Gaudry, on the other hand, after studying a better- 
preserved specimen, decided that Dryopithecus was the lowest of 
the known Apes, and even approached the Macaques in the shape 
of the mandibular symphysis. 

If the transverse section of the mandibular symphysis of 
Dryopithecus (text-fig. 1B) be compared with that of the nearly 
contemporaneous Macaque, Jesopithecus (text-fig. 1 a, p. 317), a 
striking resemblance will indeed be noted. There is the same 
abrupt upward slope of the anterior face of the bone, and although 
the digastric insertion (dotted in the figure) is relatively smaller 
in Dryopithecus than in Mesopithecus, it is still very large for 
an Anthropoid. The digastric muscles in Macaques and other 
Monkeys are, in fact, excessively developed to undertake some 
of those functions of the floor of the mouth that are performed 
by the mylohyoid and geniohyoid muscles in the large existing 
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Bemrose, Collo., Derby. G. M. Woodward, del. 

DRYOPITHECUS FONTAN! Lartet. 



eUarts = Wey Jace, SOE. Teh 

’ 

‘ 

. 

‘ 

. 
t 

,. 

2 

. 

; . 

eae 

vy 
‘Y 

A Ad 



Vel Jo: LOWER JAW OF AN ANTHROPOID APE. 319 

Authropoids.* In the latter the digastric muscles are more or less 
reduced, and’ Dryopithecus represents the stage in which the 
reduction had only just begun. 

So far as the shape of its mandible is concerned, Dryopithecus 
is, therefore, a primitive type; and it is interesting to add that 
the relatively small size of its first molar is a character of the 
Macaques and other monkeys rather than of Anthropoids, although 
it is observable in some Gibbons. 
A comparison of the mandibular symphysis of Dryopithecus 

with that of the existing Chimpanzee, Gorilla, and Orang, shows 
that it is also of a generalized type. In adult individuals of 

Fig. 2.—Cross. section of mandibular symphysis of Homo heidel- 
bergensis (shaded), superposed (4) on that of Eoanthropus 
dawsoni (outline) and (B) on that of Dryopithecus fontani 
(outline) ; natural size. Secondary bone at the origin of 
the geniohyord muscles dotted. 

these Apes, the lower border of the symphysis is extended back- 

wards either into a slender bony flange (text-fig. 1 D®, p3, & E?, 

p- 317) or into a very massive thickening (*) ; consequently, the 
anterior face of the bone does not slope abruptly upwards from the 
front border of the digastric insertion, but only turns upwards after 
a more or less marked: horizontal extension. In other words, the 
bony chin is antero-posteriorly elongated. In newly-born individuals 
of all these Apes, however, there is no such elongation or exten- 

sion, and the anterior face of the symphysis (text-fig. 1 p! & gr!) 

slopes upwards almost as abruptly as in Dryopithecus. The Miocene 

Ape may, therefore, have been a common ancestor of the existing 
Apes in question. 

The generalized character of the mandibular symphysis of Dryo- 

pithecus is still further emphasized when comparison is made with 
that of the oldest known species of Homo (H. heidelbergensis, 

1M. Holl, ‘Zur Morphologie des MuscuJus digastricus mandibule der 
Affen’ Sitzungsb. k. Akad. Wiss. Wien, vol. exxi, sect. iii (1912) pp. 107 & 109. 

Q. acG. S. No. 279. Z 
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text-fig. 1c, p. 317). Here it is necessary to remember that the pit | 
on the inner or posterior face of the symphysis i is nearly filled by 
secondary bone developed in the tendon at the origin of the genio 
hyoid muscles. The postero-inferior outline to be compared. is, 
therefore, indicated by a dotted line in the figure. Allowance 
being made for this, the resemblance is seen to be remarkably close: 
—the anterior face in Heidelberg. Man being only steeper, and 
the digastric insertion now facing more dir ectly downwards. 
The mandibular symphyses of MWesopithecus, Dryopithecus, and 

Homo heidelbergensis form, indeed, a gradational series (text- 
fig. 1 a, B, & c), in which there appears to be no place for a stage 
resembling that of any adult existing Ape. It is difficult even 
to understand how Hoanthropus (text- fig. 1 F) can be one of the 
series. If the outlines of Hoanthropus and Homo heidelber "gensis 
be superposed (text-fig. 2 a, p. 319), it will be observed that, the 
former differs from the latter in the specialization of the lower 
border towards that of a modern Ape. If the outlines of Dryo- 
pithecus and Homo heidelbergensis be superposed (text-fig. 2 B),. 
the difference is seen to lie mainly in the reduction of the tooth- 
bearing region in the latter. On theoretical grounds, the second. 
form of reduction seems the more likely to have taken place. 

Hence, so far as the mandibular symphysis is concerned, the 
Miocene Dryopithecus resembles the large modern Anthropoids. 
no more closely than it agrees with the earliest known true Man. 
By slight changes in two different directions it may have passed. — 
into the one as readily as into the other. 

EXPLANATION OF PLATE XLIV. 

Dr yopithecus fontani Lartet ; left mandibular ramus and symphysis, natural 
size.--Upper Miocene ; Seo de Urgel, Lérida (Spain). 

Fig. 1. Upper view, showing crowns of molars. 
Inner view, showing cross-section near symphysis, 

. Outer view of molars, showing cingulum. 

. Lower view showing symphysis and digastric insertion. 

. Inner view of symphysis, showing pits for origin of geniohyoid and 
genioglossal muscles. d.= insertion of digastric muscles; m. 1-3 
= molar teeth. ; 

oom whe 

DISCUSSION. 

Mr. R. B. Newron said that he was of opinion that the terms. 
Pliocene and Miocene, or those of any of the other great. 
periods, so frequently applied in paleontological research-work, 
were inadequate for accuracy, and that it was necessary to quote: 
the particular stage of those rocks which had yielded the material 
described. He instanced the Pikermi Beds, which were often 
referred to the Lower Pliocene, whereas they belonged to the 
latest stage of the Miocene, known as the Pontian. To the 
same part of the Miocene would belong the specimen described 
by the Author, on account of its association with Hipparion. 



hn ook ae 

Vol. 70.] THE BALLACHULISH FOLD NEAR LOCH CRERAN, 321 

14. The BattacuuLisH Foup near the Heap of Locu CrERAN 
(ARGYLLSHIRE). By Epwarp Barrerspy Barter, B.A., 

_F.G.S. (Read June 10th, 1914.) 

[Prats XLV—GzrOoLoGIcAL Map. | 

THe main features of the tectonics of the Loch Creran district 
have already been delineated in a paper dealing with a more 
extended region, and published in 1910 by the Geological Society 
of London.! The results of this earlier work, brought up to date, 
are epitomized in the map (p. 322), which will serve as an index of 
the relations of the district to neighbouring portions of Argyllshire 
and Inverness-shire. 

The original mapping of lower Glen Creran was carried out 
by. Mr. H. Kynaston and the late Mr. J. S. Grant Wilson. Before 
preparing the paper just cited, I visited the district on two 
or three occasions, once accompanying Mr. C. T. Clough, and 
at another time Mr. H. B. Maufe. Various alterations in the 
mapping were made as a result of these traverses, and it was 
found that the more essential structural features were readily 
determinable in the light of evidence furnished by the country 
to the north-east. At the same time, it was apparent from the first 
that anything like detailed knowledge could only be attained 
as a result of systematic re-examination, involving a considerable 
expenditure of time. A favourable opportunity for further work 
arose officially during the past season, when observations were 
made which seem worthy of record as an illustration of the 
complexity locally recognizable in the Highland Schists. 

Two main difficulties are encountered in the field: there are 
many slides (fold-faults), so many, in fact, that the original strati- 
graphical sequence has to be accepted from neighbouring districts ; 
there is also intense contact-alteration, extending for about a mile 
and three-quarters from the Cruachan Granite, and masking original 
differences in certain of the rock-groups. 

The following is the stratigraphical sequence; but, whether it 
should be read upwards or downwards, is uncertain :— 

Hilde Flags and (according to Mr. R. G. Carruthers) other groups. 
Glen Coe Quartzite. 

. Banded Series. Secnes © 
Pelitic Schists. } Leven ee 
Ballachulish Limestone. 
Ballachulish Slates (black). 

~ 

Oe Ge PE Pe. Se 

1 E. B. Bailey, ‘ Recumbent Folds in the Schists of the Scottish Highlands’ 
Q. J. G. S. vol. Ixvi, p. 586. 
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Map and section dllustrating the tectonic structure of parts 

of Argyllshire and Inverness-shire. 
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4', Striped Series (where separated). , ; 
4, Pebbly Quartzite. sven Cee 
3 & 2. Appin Limestones (3) and Appin Phyllites (2). 
1. Cuil Bay Slates.! 

When they are mapped out in detail, it is found that Groups 2 
to 6, taken together, have a continuous curving outerop in the 
neighbourhood of Loch Creran, and that this outcrop separates an 
internal area of pelitic Leven Schists from an external area of much 
more quartzose banded rocks—also Leven Schists, but belonging 
to a different division of this group. The explanation of this has 
already been given, and is based upon the reading of sections at 
Loch Leven, Glen Coe, and Glen Etive, north and east of the 
district now described. It may be summarized as follows :— 

The schists of this region are disposed in a great recumbent fold—the 
Ballachulish Fold—of which Groups 2 to 6 are taken as constituting the 
core—the Ballachulish Core. The pelitic Leven Schists of the interior 
outcrop overlie the Ballachulish Core, while the banded Leven Schists of the 
exterior outcrop underlie the same. The absence of a belt of pelitic Leven 
Schists immediately below the Ballachulish Core, corresponding to that 
above, is due to the presence of the Ballachulish Slide—a powerful 
fold-fault at the base of the Ballachulish Core. We must not, however, 
leave out of account an original difference of facies of the Leven Schists 
above and below the Ballachulish Core in the Loch Creran district: in the 
upper structural layer the Leven Schists are divisible into an immensely thick 
pelitic group, and a comparatively insignificant banded series; in the lower 
layer the pelitic group is still evidently thick, but the Banded Series seems 
to have swollen greatly at its expense, and now, so far at least as outcrop is 
concerned, is predominant. The banded part of the upper layer, and the pelitic 
part of the lower layer, it may be mentioned, both lie beyond the limits of the 
map (Pl. XLV). 

Another fact determined on outside evidence is that the Ballachulish Fold 
gapes towards the north-west, and closes towards the south-east. 

Two phenomena strikingly illustrated by the local evidence 
are :— 

(i) The complexity of the slides affecting the Ballachulish Core, and the 
correlated quite exceptional occurrence of more groups towards the close of 
the fold, south-east of the River Creran, than towards the gape, north-west 
of the same. 

(ii) The intense secondary refolding of the Ballachulish Fold, and the 
resultant sinuous outcrop of the Ballachulish Core. 

These two phenomena will now be dealt with a little more in 
detail. 

1 Groups (1) & (9) do not occur in the Loch Creran district (Pl. XLV), 
but are met with in the wider region included in the index-map (p. 322). 
The uncertainty in regard to Group 9 does not affect the present district. 
Mr. Carruthers has given good reason for suspecting that various mica-schists, 
quartzites, and flags, which I have regarded as repetitions of the Leven 
Schists, Glen Coe Quartzite, and Eilde Flags, respectively, are stratigraphically 
distinct. A résumé of Mr. Carruthers’s position has been published in the 
‘Summary of Progress for 1912’ Mem. Geol. Surv. 1913, p. 52. 
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(1) The Slides——Much the most important slide is the 
Ballachulish Slide, which has been traced for many miles 
through neighbourmg districts. Locally, this slide has two — 
branches, and such is the case where it crosses the northern 
margin of the map. Between the two branches at this point, there 
occur thick representatives of the Ballachulish Limestone (6) and 
Slates (5). It is well known that the Ballachulish Limestone, 
when intact, is roughly divisible into a dark-grey, or black, com- 
paratively pure limestone, next the Ballachulish Slates, and a 
pale-grey, or cream-coloured, highly-impure calcareous division, 
next the Leven Schists. Of these two parts, only the pure black 
Limestone is preserved between the two branches of the Balla- 
chulish Slide: the impure portion is cut out by the western, or 
lower, branch of the slide, which, as already stated, also elimi- 
nates the pelitic division of the Leven Schists (7). Hast of the 
eastern, or upper, branch of the Ballachulish Slide, occurs a folded 
complex of Appin Quartzite (4), Appin Limestone (3), and Appin 

. Phyllites (2). 
South of the stream which flows past the Post Office, only the 

lower branch of the Ballachulish Slide has been traced. Its effect 
is generally to bring the black Ballachulish Slates (5) into direct 
contact with the banded Leven Schists (7). Locally, as at the 
road beside Loch Creran, a thin band of dark Ballachulish 
Limestone (6) is interposed between the two. 

On crossing Loch Creran, one can recognize at first only a 
single branch of the Ballachulish Shde. It brings Appin 
Quartzite (4) with sometimes a thin marginal layer of ecale- 
siheate-hornfels, probably Appin Limestone (8), against banded 
Leven Schists (7). 

A mile farther on there is a return to the conditions een 
with at the northern margin of the map. The Ballachulish Shde 
is double, and includes between its two branches black pure lime- 
stone and horntfelsed black slates, belonging respectively to the 
Ballachulish Limestone (6) and Slates (5). The two branches of 
the slide have been traced eastwards, until terminated by a powerful 
fauit, which displaces their outcrop to Allt Buidhe. Both branches 
are found here, including between them an important belt of Bal- 
Jachulish ah setts This latter is, in places, black and still a 
limestone or marble; but elsewhere, especially where it turns north- 
wards up hill from Allt Buidhe, it occurs as a thick mass of pale- 
greenish calc-silicate-hornfels, the baked representative of the 
impure calcareous division which normally separates the black 
limestone from the Leven Schists. The mapping of the two 
branches of the slide is only approximate in the vicinity of the 
stream, owing to the considerable cover of morainic material 
thereabouts. It is known, moreover, that in the more westerly 
exposures both Ballachulish Limestone and Appin Limestone 
occur, the former well seen immediately south of the stream, 
the latter actually in the bed of the same. The upper branch of 
the slide should, therefore, be drawn at this point in the middle 
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of what is now, for convenience, shown as a single limestone out- 
crop. Asa result, the mapping on the two sides of the fault would 
be brought into closer agreement than at present. A revision, 
effected on these lines, would probably also indicate a less dentate 
outerop for the slides, but the difference would merely involve 
changes of local import. The limestone (calc-silicate-hornfels, 
with some dark marble) in the eastern outcrops, exposed on the 
slopes north of Allt Buidhe, certainly belongs wholly to the 
Ballachulish Group. 

After being obliterated for a little by the Cruachan Granite, the 
Ballachulish Slide reappears as a single structure. It swings round 
sharply to the west for a space, and its course is somewhat ill 
defined—owing to the difficulty of determining an exact line sepa- 
rating the contact-altered Striped Series (4°) from the Banded 
Series (7'). The difficulty is not nearly so marked, however, as 
would have been the case nearer Loch Creran, for the Leven Schists 

. at this point, although banded with quartzose ribs, are in large 
measure pelitic grey mica-schists, already indicating an approach 
to the facies of the group as developed in the structural layer 
overlying the Ballachulish Core. Beyond this westward turn, the 
Ballachulish Shide is very easily traced, as it separates Ballachulish 
Slates (5) from the comparatively pelitic Banded Series (7'). For 
a short distance, a thickness of some 40 feet of calc-silicate-hornfels, 
representing part of the Ballachulish Limestone (6), separates 
the two. 

Before reaching the granite margin, on the slopes of Glen Ure, 
the Ballachulish Slates fail, and the Ballachulish Limestone of the 
upper limb of the great fold comes directly into contact with the 
Banded Series on the south. 
A point of very considerable importance is the occurrence of pebbly 

Glen Coe Quartzite (8) in association with the banded Leven 
Schists (7') which occur here between the Ballachulish Slide and 
the Cruachan Granite. In the typical region the Glen Coe 
Quartzite is fine-grained; in the exposures now considered it is 
coarsely pebbly, with large grains of quartz and felspar. In this 
feature it resembles the Appin Quartzite (4) ; but, even so, there 
can be no possibility of mistaking the two rocks, for the Glen Coe 
Quartzite is interbanded with grey semipelitic material, towards 
its margins especially, and is linked inseparably with the banded 
Leven Schists—nor is it a case of mere mechanical intermingling, 
for many of the semipelitic beds carry quartz- and felspar-pebbles. 
It is interesting to recall that in Glen Strae, on the other side of the 
Cruachan Granite, a similar pebbly quartzite, in what is believed 
to be the same structural position with relation to the Ballachulish 
Slide, has already been assigned to the Glen Coe horizon.! 

Only one other slide need be mentioned specially in this summary. 
It has been known for some years to extend about 5 miles north 

1H. B. Bailey & M. Macgregor ‘The Glen Orchy Anticline’ Q. J. G.S. 
vol. Ixviii (1912) p. 172. 
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of the district here described to Sgorr a’ Choise, near Ballachulish, 
and on this account may be termed the Sgorr a’ Choise Slide. 
In its northern extension it almost constantly lies some little way 
within the Ballachulish Core ; but, for a short distance east of Allt 
Coire Mulrooney, it constitutes the actual boundary of the core ~ 
bringing Ballachulish Slates (5) into contact with Leven Schists (7). 
South of Allt Coire Mulrooney, the Ballachulish Slates disappear on 
the north-west side of the slide, while the pale highly-impure portion 
of the Ballachulish Limestone is prominently developed on the 
south-east side. For a distance of over a mile south-west from 
Allt Coire Mulrooney, greatly thinned-out representatives of the 
Appin Quartzite (4) and Limestone (3) persist on the north-west 
side of the Sgorr a’ Choise Slide. The limestone is’ well ®&xposed 
in Hasan Diblidh, and in the burn at Fasnacloich; the quartzite 
is seen both here and in intermediate exposures. South-east of 
the Fasnacloich burn, the quartzite and limestone both fail, but 
a belt of Appin Phyllites (2) still continues, until it tapers out, 
half a mile farther on, in the heart of Ballachulish Slates (5). At 
this point the Sgorr a’ Choise Slide and the upper branch of the 
Ballachulish Shde run together, and are no longer traceable. 

A glanee at the map will show that the Ballachulish and the 
Sgodrr a’ Choise Slides are complementary. Both cut out a con- 
siderable thickness of rock, the one in the lower, the other in the 
upper limb of the Ballachulish Fold. Where the Appin Phyllites 
(2) are bounded on each side by Ballachulish Slates (5), it is a 
fair presumption that the missing Appin Limestone (8) and Appin 
Quartzite (4) have been squeezed out to find a resting-place some- 
where nearer the close of the fold. Even where the Ballachulish 
Slates are continuous, owing to the Sgorr a’ Choise Slide meeting 
the upper branch of the Ballachulish Slide, it seems necessary to 
supppose that an unknown amount of rock has been squeezed 
through the slates, and that these have come together again, effec- 
tually concealing the passage. It is in this manner that we can 
most readily account for the presence of Appin Quartzite, Lime- 
stones, and Phylhtes in the outcrop of the Ballachulish Core west 
of the River Creran. 

Two further observations may be recorded. By far the greater 
part of the Ballachulish Limestone of the upper limb of the 
Ballachulish Fold consists, in this district, of pale highly-impure 
calcareous schist (cale-silicate-hornfels east of the River Creran). 
This suggests that a branch of the Sgorr a’ Choise Slide may con. 
tinue at or near the base of the limestone outcrop, cutting out the 
black pure portion which one expects to encounter next the Balla- 
chulish Slates. 

The other point is the occurrence of a narrow phyllitic out- 
crop, extending south from near the Post Office, for about three- 
quarters of a mile, in the heart of Ballachulish Limestone. It 
probably is merely a non-calcareous band interstratified in the lime- 
stone series, but it must be admitted that its characters recall those 
of some parts of the Appin Phyllites—a very heterogeneous group. 
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(2) The Refolding.—The secondary folding to which the 
Ballachulish Core has been subjected after its development is well 
illustrated in the sinuous outcrop of the core as shown on the 
map (Pl. XLV). Where the strike of the beds runs north-east 
and south-west, the dips are normally very steep and directed 
north-westwards. Even where the strike runs east and west, 
and the dips give an indication of the pitch of the secondary 
folding, they are still generally very high, and are directed more 
often towards the south than the north—the exact opposite of 
what might be expected. The pitch of the secondary folding is not, 
however, a very clearly-defined phenomenon, for there is a sudden 
swirl in the strike of the folding in the upper part of Allt Buidhe. 
All that can be said is that the secondary folding is very com- 
pressed, and of isoclinal type ; and that the local evidence furnishes 
no clue as to which is the upper, and which the lower, side of 
the Ballachulish Core—a point which has been determined quite 
definitely, however, in neighbouring districts. 
A feature of the geology noted already in previous publications * 

may be restated here. Between the River Creran and the Cruachan 
Granite, there are great numbers of small intrusions of basic 
igneous rock in the condition of hornblende-schist. They are dis- 
tributed impartially on the two sides of the Ballachulish Slide, so 
that they must be of later date than the movementalong this slide. 
Their metamorphic condition, however, shows that they have been 
affected by powerful movements ; thus it seems probable that they 
antedate the secondary movements dealt with above. 

EXPLANATION OF PLATE XLV. 

Geological map of the country around the head of Loch Creran, on the scale 
of 2 inches to the mile, or 1 : 31,680. 

1 E. B. Bailey & M. Macgregor, Q. J. G. 8. vol. xviii (1912) p. 178. 
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15. On the REetatTionsHIP of the VREDEFORT GRANITE to the 

WITWATERSRAND SystEM. By FREDERICK WILLOUGHBY 
Penny, B.Sc., F.G.S. (Read May 18th, 1914.) 

[Puares XLVI & XLVIL.] 

Introduction. — - 

Tue Vredefort Granite has always been considered as a member 
of that ‘old granite’ group which throughout the Transvaal and 
the Orange Free State is found emerging from beneath the Wit- 
watersrand Beds. Although mineralogical differences could be 
observed from area to area, this grouping together was a matter 
of convenience, dictated by their stratigraphical position. 

The first attempt to indicate the extent of the granite outerop 
with any pretence of accuracy was made by Dr. F. H. Hatch in 
his Geological Map of the Southern Transvaal, published in 1897. 
With regard to the encircling sedimentary rocks, it is clear from 
the stratigraphical and lithological evidence that they are of 
Witwatersrand age—the southern rim of the basin of Witwaters- 
‘and rocks, the northern rim of which crops out along the Rand. 

Several geologists who have visited the Vredefort area appear to 
have been struck by indications pointing to the intrusive nature of 
the granite into the Witwatersrand Beds. Thus Dr. Molengraaft 
in 1903," arguing from the steep dip and overtilting of the sur- 
rounding strata, the occurrence in them of small enclosures of 
granite at some distance from the main outcrop, and the evidence 
of contact-metamorphism in the adjacent beds—particularly the 
production of corundum—proved it conclusively to his own satis- 
faction. But, in the following year, he was led to retract his 
views, on considering evidence collected in the meantime from 
other parts of the Transvaal as to the non-intrusive relationship of 
this ‘old granite’ group to the Witwatersrand System. To argue, 
however, in this way from one area to another is to assume con-— 
temporaneity of intrusion as well as stratigraphical similarity, which 
is too hazardous an assumption. Any definite views held about 
one area should only suggestively bias the observer when dealing 
with another. This point has also been previously emphasized by 
Mr. C. B. Horwood.? 

In the present paper evidence is brought forward to prove clearly 
the intrusive nature of the Vredefort Granite into the Witwaters- 
rand Beds, based on an examination of the adjacent sediments 
and a detailed map of several miles along the contact, made in my 
spare time during a year’s sojourn in the neighbourhood. . 

Trans. Geol. Soc. 8. A. vol. vi (1903) pp. 20-26, 
Ibid, vol, vii (1904) p, 115. 
Geol. Mag. dec. 5, vol. vi (1909) p. 467. wore 
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Locality. 

The area to be described is situated in the Orange Free State, a 
few miles south of the Vaal River, on the north-east side of the 
Vredefort Granite outcrop. It has proved to be a particularly 
favourable locality for examination, because here for a considerable 
distance the granite abuts directly against some member of the 
Witwatersrand Series; while on the north, on the Transvaal side of 
the river, basic intrusions intervene to a greater or less extent. 

Although, in a general way, the strike of the sedimentary beds 
gradually curves round so as to become tangential to the margin of 
the granite boss, the actual junction is far from being a simple curve. 
The area mapped is particularly noteworthy for the varying 
horizons of the Witwatersrand Beds with which the granite comes 
into contact, owing to the removal of varying amounts of the 
lower beds by the granite, and is further complicated by the 
profuse intrusion of basic rock. 

The generic term diabase has usually been applied to these 
basic intrusions in the Witwatersrand Beds; and therefore, as a 
matter of convenience, it will continue to be used throughout this 
paper. A microscopic examination, however, shows—at any rate 
in the area under discussion—that this basic rock is alkaline and 
intermediate in composition, and should more correctly be termed 
a soda-porphyrite. It is holocrystalline, and consists prin- 
cipally of hornblende and felspar. The hornblende occurs. in 
idiomorphic crystals, dark green and very pleochroic: there is no 
evidence that this hornblende is of secondary origin; it is too 
dark for uralite, nor does the shape of its sections sugg est that it is 
derived from augite. Surrounding these crystals is a border of 
dark blue-green “hornblende, in optical continuity with the main 
mass and of later growth ; it is intermediate in composition, but 
near artvedsonite, and also occurs in a second generation as 
minute blades in the groundmass (Pl. XLVI, fig. la). The 
hornblende must have continued crystallizing quite late in the 
consolidation of the rock. The felspar is a medium oligoclase, 
usually rather decomposed and then crowded with epidote-grains : 
it is sometimes surrounded by an edging of orthoclase. Inter- 
stitial quartz and micropegmatite are common constituents 
(Pl. XLVI, fig. 16), and the orthoclase of the latter is in optical 
continuity with that surrounding the oligoclase-crystals. 

Description. 

Starting from the south-western end of the farm Vergenoeg (see 
map, Pl. XLVII), we find the lowest quartzite of the Witwatersrand 
System, W 1,, forming a ridge that abuts against the edge of the 
granite. This is evidently the section mentioned by Dr. E. Jorissen * 

1 Trans. Geol. Soc. 8, A. vol. vii (1904) pp. 156-57. 
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‘on the farm Vergenoeg 220,’ and described by him as follows :— 
‘The actual contact between the two rocks isexposed ina cutting connecting — 

two hills, the one consisting of Orange Grove Quartzites, and the other of old 
granite. The Orange Grove Quartzites dip towards the granite, and are very 
much laminated at the contact, no doubt due to the tilting and the sliding of 
the beds. The granite, although much weathered, shows a strip of sericite- 
schist separating it from the quartzites.’ 

At the time of my visit, there was no cutting open exposing the 
actual contact. On passing north-westwards towards the Zyter- 
fontein boundary, one notes that a thickness of diabase intervenes 
between the granite and the sedimentary beds. This is not at all 
an unusual phenomenon, for it occurs to a varying extent all round 
the granite margin. In this case the line of separation is remark- 
ably sharp; no veins of the one igneous rock were observed to 
penetrate the other. Several isolated masses of well-bedded 
quartzite occur on the inner edge of the diabase, having apparently 
been wedged off from the main mass of quartzite at the time of 
the diabase intrusion. On the north, this quartzite-ridge and the 
diabase come to an end suddenly against a fault, which must be 
subsequent in age to the basic intrusion, and probably resulted at 
the time of the intrusion of the granite. Proceeding northwards, 
one observes the interesting phenomenon of the granite invading 
the Witwatersrand Beds; the quartzite (W1) is entirely absent, 
and the granite finds itself in contact with some part of the slates 
(W2) which overlie it, except for a narrow band of quartzite that 
for a short distance defines the margin of the granite. The slates, 
as also their continuation northwards and southwards, are to the 
eye considerably changed from their normal appearance of reddish 
or brownish-black, very ferruginous, flaggy beds; but their well- 
marked banding, and the coarse cleavage parallel to it, are still 
well preserved. Certain horizons are very rich in magnetite, and 
form prominent outcrops. In these magnetite-slates, thin bands 
composed almost entirely of radiating actinolite-crystals occur, 
separated by layers of magnetite with little or no actinolite visible 
to the naked eye. Under the microscope large crystals of somewhat 
decomposed staurolite were observed, frequently twinned, having 
clear edges but centres cloudy with opaque dust (Pl. XLVI, fig. 2); 
angular fragments of quartz and clear secondary felspar were de- 
tected in the ground-mass among the magnetite-grains. The slates 
are much shattered and faulted, as can be seen from the mapped . 
outcrop of a narrow band of felspathic quartzite (W2,) which 
occurs in the body of them. This band is very distinctive, and has 
been traced for some distance north-westwards, while its position 
relative to the granite margin affords a good idea of the amount of 
sedimentary beds absent at any point. Farther on, another lenti- 
cular mass of diabase intervenes at the margin of the granite, and 
the quartzite (W1) simultaneously makes its reappearance—first 
as a narrow band between the slate and diabase, then as a thicker 
contorted and faulted ridge, which finally develops into its normal 
thickness and continues up to the Parijs road, where it terminates 

Ae ey 
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against a further mass of diabase. North of the Parijs road the 
quartzite (W1) is again absent, and the granite abuts against the 
actinolite-magnetite slate as before, a tongue of it penetrating 
into the sedimentary rocks and associated basic intrusions for a 
considerable distance. 

So far, the granite has shown a remarkably sharp and regular 
margin towards the various rocks with which it has come into 
contact. From the map, one may presume that the diabase with- 
stood the effect of the granite intrusion more successfully than 
the sedimentary rocks; that it has, in fact, formed some sort of 
a protection for them. Even so, the adjoining sedimentary beds 
are seen to have been removed to a considerable extent by the 
granitic intrusion. The evidence seems to point to this having 
been brought about by a process of stoping-away of the sedi- 
mentary rocks and their sinking to lower levels, rather than to 
direct absorption and assimilation of them by the granitic magma, 
since the composition and structure of the granite thus far has 
appeared to be uniform right up to its margin. 

However, in this tongue of granite which penetrates into the 
sedimentary rocks and associated diabase for some distance, there 
is ample evidence of action and reaction between the acid and the 
basic magmas. At one spot the granite becomes a hornblende- 
granophyre, at another practically an aplite with a considerable 
amount of plagioclase, losing its ferromagnesian constituents and 
its characteristic large felspar-phenocrysts. In surface-specimens 
the telspar assumes a brilliant red colour, suggesting that the pre- 
dominant felspar of the rock is orthoclase ; but no determination 
could be made in the microsections, owing to the extent to which 
kaolinization had proceeded. Thin streaks of the acid magma are 
found veining the basic rock, which is here practically amphibolite. 
That the granite partly re-fused this amphibolite is shown by the 
presence of numerous dark patches of hybrid rocks embedded in 
the former, varying in size from quite small. inclusions to masses 
several yards in diameter. Two such particularly large masses are 
indicated on the map. They are completely recrystallized rocks, 
consisting of small cloudy hornblende-crystals embedded in a very 
fine-grained ground-mass, which appears to have a felspathic base 
crowded with minute crystals of a decomposition-product like 
zoisite. A considerable amount of acid material has been intro- 
duced into this rock, as is proved by the presence of comparatively 
large fragments of pink orthoclase intergrown with quartz, 
evidently derived from the adjacent granite, corroded and pene- 
trated by stringers of the hornblendic ground-mass (Pl. XLVI, 
fig. 3). 
eather north, the margin of the granite is defined by part of a 

really large intrusion of diabase. Usually, in the Witwatersrand 
Beds of this area, the basic dykes have intruded themselves along 
planes of weakness or junctions of slate and quartzite, and often 
preserve a nearly constant thickness and horizon for many mile:. 
This intrusion, however, has burst through the sedimentary rocks, 
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intruded tongues along lines of weakness in them, caused extensive 
faulting, and broken through thick beds of quartzite at right 
angles to the strike, thereby completely isolating several large 
and small masses of quartzite and slate. In the middle of it, 
as indicated on the map, was found a small area of an amyg- 
daloidal rock, containing many large amygdales, often tubular in 
shape, chiefly filled with quartz. The nature of the junction 
between this rock and the normal diabase is indefinite, and was 
ditficult to ascertain; but the impression gained was that the 
diabase suddenly became amygdaloidal. 

The case of the quartzite (W1) in contact with the diabase near 
the northern boundary of the farm ‘'Tweefontein ’ is interesting : 
it dips comparatively gently away from the granite, in contra- 
distinction to the overtilted or nearly vertical dip which all the 
sedimentary beds invariably have hereabouts. This is explained as 
being due to a subsidiary granite intrusion into the diabase, the top 
of which comes to light in the middle of the diabase to the west 
of the quartzite-ridge; this must have forced the sedimentary 
beds outwards from the granite, thereby giving to its inner side a 

Fig. 1.—Quartzite-contact with diabase near the northern 
boundary of the farm ‘ Tweefontern.’ 

. rf W 2. ——— E = 4 
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curvature (fig. 1). When traced northwards the sedimentary beds 
gradually assume a vertical, and then an overtilted position. 

This basic intrusion is a definite addition to the thickness of the 
strata above the granite, since no evidence of absorption of the 
sediments by it on any large scale was discovered. However, the 
remarkable regularity of the boundaries which the slaty members of 
the series exhibit towards the diabase, as opposed to the constantly 
faulted outcrops of the associated quartzite-bands, is suggestive of 
a certain amount of absorption by them. As a ‘general rule, the 
moderate-sized intercalations do not even produce metamorphism 
visible to the naked eye in the slates adjacent to them. The 
extreme extent and nature of the metamorphism which they effect 
can be well studied in the masses of slate enclosed in the larger 
intrusions remote from the granite, as, for instance, on the farm 
‘Tweetontein.’ While still preserving its banding and cleavage, 
the slate is changed to a pinkish-brown rock, somewhat phyllitic 
in appearance, which, under the microscope, is seen to consist of 
comparatively large flakes of sericite, roughly orientated, and 
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_ granules of quartz, the whole being deeply stained with lmonite. 
No other minerals were observed. ‘This is so different a rock from 
the staurolite-actinolite-magnetite slate found in contact with the 
granite, but derived from the same type of rock, that it is reason- 
able to assume that the latter variety is intimately connected 
with the granite intrusion, and has not been produced by the diabase. 

The extent of the disturbance caused by this intrusion of diabase 
ean be appreciated by tracing the band of quartzite (W3), which in 
the southern part of the area forms its eastern boundary. After 
being completely cut through three times by the diabase, north of 
the Parijs road it is duplicated, forming two parallel outcrops for a 
considerable distance, the one thrust behind the other. 

Coming now to the correlation of these sedimentary beds, one can 
draw no exact parallel with those cropping out along the Rand; 
but it seems highly reasonable to assume that the division W1 
corresponds to the Orange Grove Quartzite, W2 to the Water-Tower 
Slates, W4: to the Hospital Hill Slates, with the contorted magne- 
tite-quartz band in the middle of it, and W5 to the Hospital Hill 
Quartzite. The vertical section appended to the map (Pl. XLVIT) 
shows that two subsidiary quartzites (the lower one felspathic, and 
both somewhat impersistent) occur in the mass of W2; while W5: 
is made up of several alternating bands of quartzite and slate, with 
a thick mass of quartzite at the top. The total thickness of the beds 
to the top of W5 can approximately be estimated at 4800 feet. 

Summary. 

- To sum up: In this paper it is maintained that the Vredefort 
Granite is intrusive, not only into the Witwatersrand Beds, but 
also into the basic intrusions associated with them. It is shown 
that along its margin the granite has removed—possibly by absorp- 
tion, but more probably by overhead stoping, varying amounts of 
the sedimentary beds from point to point; that it has reacted with 
the basic intrusions in the sedimentary beds, with the production 
of hybrid rocks ; that in one place a subsidiary intrusion of granite 
oceurs in the middle of the diabase; and finally that the granite has 
induced a definite type of metamorphism in the adjacent slates, 
which is of a type distinct from that induced by the diabase. 

With regard to the age of this granite, it has been suggested to 
me by Dr. Hatch that the diabase, which is sometimes amygda- 
loidal, may be genetically connected with the Ventersdorp Beds, in 
which case the granite would be of post-Ventersdorpage. In 1903, 
Dr. Molengraaff was impressed with the fact that the sediments 
surrounding the granite boss, up to and including the Pretoria 
Beds, were highly inclined, and, with the granite, were overlain by 

_ the practically horizontal Karroo Beds. Being of the opinion then 
that the steep dip of these beds was caused by the intrusion of the 
granite, he postulated a post-Pretoria—pre-Karroo age for this 
intrusion. I suggest, therefore, that the Vredefort Granite is, if 
not contemporaneous with, at least connected with the same epoch 
of igneous activity as, the Red Granite of the Northern Transvaal. 

2 ae 
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Postscript. 

The margin of the granite a few miles to the north-west of the 
area described above, near the boundary of the farms ‘ Zandfontein ’ 
and ‘Anna’s Rust,’ is also of interest in connexion with the 
relationship of the granite to the Witwatersrand Beds. — 
A certain thickness of amygdaloidal diabase is intercalated 

between the lowest Witwatersrand quartzite and the granite. A 
well-bedded strip of quartzite occurs along the inside edge of the 
amygdaloid, in a manner similar to that already described near the 
south-western boundary of the farm ‘ Vergenoeg’’; it terminates 
against a small fault, on the other side of which its course is 
continued entirely inside the granite for some distance, its 
stratification and nearly vertical dip being perfectly maintained. 
Between the amygdaloid and the granite is a shear-zone, 10 yards 
or so broad, of vertically banded mica-schist, with inconstant bands 
and lenticular masses of quartz developed along planes parallel 
to the foliation. | 

[While this paper was going through the press, my attention was drawn to 
Dr. C. Sandberg’s view of the age of the Vredefort granite, Geol. Mag. 
dec. 5, vol. v (1908) p. 559, with which my own conclusions appear to 
coincide. F.W.P., Oct. 1914. | 

Fig. 2.— Relationship of quartzite, diabase, and granite near the 
boundary of the farms ‘ Zandfontein’ and ‘ Anna’s Rust. 

EXPLANATION OF PLATES XLVI & XLVII. 

PLatTE XLVI, 

Fig. 1a. Quartz-soda-porphyrite, showing green hornblende, acid plagioclase, 
and quartz. Ordinary light. XX 18 diams. (See p. 329.) 

‘D6, Quartz-soda-porphyrite, showing micropegmatite. Crossed nicols. 
x 18 diams. (See p. 329.) 

2. Magnetite-actinolite-staurolite rock, showing well-formed crystals of 
ire aa with dark centres, Ordinary light. x 8 diams. (See 
p. 330.) 

3. Basic rock with inclusions of granitic material, Ordinary light. 
xX 18 diams. (See p. 331.) 

Pruate XLVII, 

Geological map of portions of the Tweefontein, Vergenoeg, and Zyferfontein 
districts of the Orange Free State, on the approximate scale of 2°375 
inches to the mile, or 1 : 26,680. 
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DISCUSSION. 

Dr. F. H. Harcn said that he had the more pleasure in con- 
gratulating the Author on a useful piece of geological work, since 
he had had the advantage of his assistance when investigating the 
mineral resources of Zululand for the Natal Government. He was 
also not unacquainted with the ground which formed the subject of 
this paper, and he could from his own knowledge testify that the 
difficulty of laying down geological observations, on maps on which 
only farm-boundaries and no topographical details were given, had 
been admirably surmounted. Moreover, the results obtained were 
of the greatest importance to Transvaal geology generally. Hitherto 
the Vredefort Granite had been considered as one of a series of 
ancient intrusions in- beds: of Swaziland age, and older than the 
Witwatersrand Series... The Author showed that not only was the 
Vredefort Granite intrusive into the Witwatersrand Beds, but also 
into diabases which probably were genetically connected with the 
Ventersdorp Volcanic Series. This would make the granite post- 
Ventersdorp, and possibly of the same age as the Red Granite of 
the Boschveldt, which was later than the Pretoria Beds. Since in 
the Red Granite there had been numerous discoveries of stanniferous 
deposits, it might prove worth while also to search the Vredefort 
Granite for tin-ore. 

Dr. J. W. Evans thought that the paper showed the value of 
detailed mapping in deciphering the true structure of a district. 
Once more a supposed ‘fundamental’ granite, upon which ancient 
sediments were believed to rest unconformably, had proved to be 
intrusive in them. The evidence of overhead stoping was of great 
interest. It was easy to understand how fragments broken from 
the roof covering a granite magma would sink through the latter, 
which would have a very low density—not only on account of its 
acid character, but also because of the large amount of water and 
other volatile constituents that it appeared invariably to contain. 
A basic magma, on the other hand, would have too high a specific 
gravity to permit as a rule of overhead stoping of this character. 

Mr. F. P. MENNELL said that, although he had no special know- 
ledge of the particular locality referred to in the paper, it was 
evidently of great interest. There was a possibility besides that 
which the Author had pointed out of connexion with the Transvaal 
‘Red Granite.’ The granite-masses of the Cape Province were 
intrusive in the Malmesbury Slates; and although these were, at 
one time, supposed to be the bottom of everything, they were now 
considered as probably equivalent to the Pretoria Beds, so that they 
really came quite high up, as things went in South Africa. The 
southern granites might, therefore, be considerably younger than 
the northern granites, and the Vredefort mass might fall into the 
former group. The Author did not seem to have given any petro- 
graphical account of the rock, and it would be interesting to know 
whether it was characterized by microcline like the great northern 
granite-masses, or orthoclase like those of the Cape. 
Oo3:G.S. No, 279. 2A 
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16. On the DEVELOPMENT of TRAGOPHYLLOCERAS LOSCOMBI 
(J. Sowerby). By Leonard Frank Sparn, B.Sc., F.GS. 
(Read May 27th, 1914.) 
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I. INTRODUCTION. 

As is well known, few localities are so productive of well-preserved 
Liassic ammonites as the cliffs at Lyme Regis and Charmouth. 
They have furnished a considerable proportion of the types of 
Lower Liassic ammonites created nearly a century ago in ‘The 
Mineral Conchology of Great Britain,’ and one of these types, 
fortunately one of those the figures of which were good enough 
to allow of correct interpretation by later authors, is Ammonites 
loscombt J. Sowerby (1817).!_ During a prolonged investigation 
of the Liassic succession at Charmouth, Mr. W. D. Lang (1913) 
has collected abundant fossil material with particular reference 

. to its exact stratigraphical horizon, and I am indebted to him 
for permission to study the ammonites. In this material, Trago- 
phylloceras loscombi is represented by hundreds of specimens 
(chiefly young), anda study of the ontogeny of that interesting 
ammonite forms the basis of the present paper. The bearing of 
certain important facts brought out in this study upon the 
phylogeny of the genus Tragophylloceras, and the speculations 
on the connexion of the latter with allied lineages,” will prove, it is 
hoped, of general interest. 

1 For full reference see the list of works at the end, § V, pp. 359-60. 
2 The term lineage is here employed to denote a single genetic line or 

series, that is, generally, a genus: although a genus may comprise several 
lineages, and even their lateral branches, so long as these lineages are offshoots 
of the same stock. Of course, it would be best to distinguish by a different 
name every series recognized by ontogenetic evidence as a distinct lineage. 
But I have not abandoned the customary use of the term genus for reasons 
of convenience, since an extraordinarily large number of new lineages would 
have to be created for, often, only one or two forms. 

It will be noted that the term lineage was originally suggested by J. F. 
Blake (1892) as a substitute for genus, although he uses the term himself 
for the family Arietide as well as for the sequence Celoceras-Peltoceras- 
Aspidoceras. The term formenreihe, translated by Waagen (1875) himself 
as ‘developmental series,’ in its original meaning (1869) included a number 
of lineages and genera diverging from a radical form, and therefore its con- 
notation was more extensive than either lineage or genus; in other words, 
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II. Horizon anp History. 

Sowerby stated that his ammonite came from the ‘ Blue Lias,’ 
but gave no further details. The type-specimen, which is preserved 
in the British Museum (Geological Department, No. 33425), shows 
the bluish limestone-matrix, iridescent pearly layer, and general 
mode of preservation of the specimen figured by Wright (1880) 
(B.M. C 2205) and stated to be a 

* very characteristic fossil of the ‘‘Green Ammonite Bed,” Middle Lias near 
Charmouth.’ ; 

and further, numerous other specimens examined (Nos. 4-7 of 
Table II, p. 343 are typical examples of these ). There can be 
no doubt that they come from the ‘Lower’ and ‘Upper Lime- 
stones’ of Mr. Lang’s classification. 7) "ago} phylloceras loscombi 
oceurs also in the intermediate ‘Red Band’; but the fossils of 
this bed are characterized by their different appearance. Oppel 
(1856) probably collected his specimens from the ‘ Lower Lime- 
stone,’ for he states that Deroceras davai occurred immediately 
above, which is the case at Charmouth. All the specimens of this 
rare fossil collected by Mr. Lang (1914, p. 328), at least, came 
from this horizon: that is, from the ‘Red Band’ or immediately 
below. But Oppel erroneously considered Tr. nwmismale (Quen- 
stedt), which oceurs in Wiirttemberg in the Jamesoni Zone (and 
apparently considerably below the daveci bed) as identical with 
the later Tr. loscombi, an error which caused confusion for nearly 
forty years, until Pompeckj (1893) separated the two forms. Even 
he, however, based their separation only on differences of dimen- 
sions, umbilicus, and suture, and did not recognize their different 
geological age. 

Numerous small ammonites preserved as internal casts in iron- 
pyrites are found in the four clays of the Green Ammonite Beds. 
These will be shown to be the young of TJ. loscombi, and from 
them the ontogeny of this form has been worked out; but they are 
accompanied by a very few large specimens in a badly crushed 
condition. ‘The small casts are septate throughout, and in no case 
was a body-chamber discovered, hence they are not adult specimens 
of an undescribed form. Also, at a diameter of 25 mm. there was 
no trace of a crenulation of the periphery that would indicate 

affinity with Tr. zbex (Quenstedt) ; there is no resemblance to 
young examples from Gloucestershire, which agree very well with 
the descriptions of the young of Tr. ibex given by A. dOrbigny 
(1842; as A. boblayz) and by Pompeckj (1893, p. 22). 

In the Belemnite-Stone, which lies immediately below the base of 

it represented a family. Later authors have used the term formenreihe 
for genera, as well as for only single genetic lines: that is, lineages, 

It is clear that ontogenetic evidence alone will enable us to trace the inter- 
connexion of these developmental series, and thus approximate to a natural 
(as distinct from the present more or less morphological) classification of 
ammonites. 

242 
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the Green Ammonite Beds, larger specimens again occur, closely 
resembling 77. Zoscombz in sialon ian and saree: line, but differing: 
in a slightly crenulated periphery (No. 13 in Table Il). Now 
Tr. paucicostatum, which Pompeckj (1898, p. 11) records from 
the Jbex Zone, is very similar, and differs but slightly in suture-line 
and in having a larger umbilicus. ‘Woodward *& Ussher (1911) 
record Liparoceras “bechei (Sow.)! from the Belemnite-Stone,. 
and other specimens of true Lipocerata have been found at this 
horizon ; the evidence as to the age of the beds afforded by the 
forms of Tragophylloceras is unsatisfactory, and the boundar 
between the Jbex and the Dave Zones cannot yet be definitely 
fixed. Crenulation of the venter, as we shall see later, is anagenetic 
in the forms of the Zbea Zone as well as in the high- Ma forms: 
from Golden Cap and Seatown (Nos. 9 & 10 in Table I, p. 343), 
and even in body-chamber fragments from the zone of Amaltheus 
margaritatus. ‘The ‘horizon of these beds will be reconsidered 
when their egoceratid ammonites, which are of greater zonal 
value, are dealt with. 

The points, then, to be noted are, first, that Tragophylloceras 
loscombz has its greatest development at the horizon of Deroceras: 
dave, although "it persists into margaritatus times. Secondly,. 
that the small, immature ammonites are mostly higher than the: 
Ibex zone, and at any rate not associated with Acanthopleuroceras, 
which occurs immediately below the base of the Green Ammonite- 
Beds. It should be added that, unfortunately, the mode of preser- 
vation of the larger specimens of TJ’. loscombi prevents a direct 
comparison ot (heir inner whorls with the ae casts OCcl ame 
in such abundance in the clays. 

Sowerby’s description and figures are aeons good, though he 
gave no section, and the thickness of the shell could be gathered 
merely from his remark ‘Thickness being only one-third the 
length’ (of the aperture); but this is not quite correct. In fig. 1 
of Pl. XLIX the sectional view of Sowerby’s. type- -specimen is 
ee ese and it will be seen that it differs from the section of 
A. VOrbigny’s ammonite (1842, pl. Ixxv, fig. 2). ° Pompeckj (1893, 
p. 18) thought that the latter was, perhaps, not the same as. 
Sowerby’s. ‘In the British Museum collection, however, there is a 
specimen (No. 37181, Coll. Tesson) from Vieux Port (Calvados), 
which is a topotype of some of A. d’ Orbigny’s specimens, and differs. 
in no particular from the English type. Furthermore, Prof. Paul 
Lemoine kindly informed me that A. VOrbigny’s type-specimens 
preserved in the Muséum d’Histoire Naturelle (Collection de Palé- 
ontologie) are in a mediocre state of preservation, and somewhat 
flattened and deformed artificially. Since @Orbigny did not give 
the locality of his figured specimen, it is of course impossible now 
to identify it w ith certainty; but the specimen that seems to 

1 T was kindly permitted to examine this spécimen in the collection of the 
Geological Survey, but it cannot be identified closer than as Liparoceras sp. 
It cannot be A. bechei (Sow.), which occupies a higher horizon. 
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come nearest the figure is one from Lyme Regis. There is thus 
enough evidence to show that the drawing of the French ammonite 
is incorrect. 

The shell figured by Wright (1880) is also represented with a 
wrong apertural view, which led Mr. Buckman (1910) to remark that 
this form was much thicker than Sowerby’s. In fact, Wright’s 
type is crushed and half-embedded in matrix, and there is no reason — 
to believe that its section originally differed in the least froin that 
of Sowerby’s type. Descriptions of Tragophylloceras loscombi 
have also been given (without figures) by Tate & Blake (1876) 
and Dumortier (1869); but, since most of the earlier authors 
neglect dimensions, and since Pompeck} (who for the first time 
dealt more fully with these forms, especially the Swabian repre- 
sentatives of the genus Tragophylloceras) had insufficient material, 
it will be necessary to redescribe Zr. Zoscombi in detail after its 
ontogeny has been traced. 

It should be added that Ammonites loscombi had generally been 
included in the genus Phylloceras. Even Futterer, who established 
the ‘ Formenreihe des Phylloceras loscombi, and traced it back to 
AMonoph yllites, thus clearly characterizing it as a separate lineage, 
left it in that genus. But in 1900 Hyatt created the new genus 
Ti -agophyllocer as for Quenstedt’s A. heter ophyllus numismalis, 
the oldest form of the ‘loscomb: Formenreihe.’ Prinz, in 1906, 
‘objected that the genus, based on a mere mention of the type- 
species, and created without: adequate description, could not be 
accepted. In 1907 Vadasz proposed ‘ Phyllolobites’ for the ‘ group 
ot Phylloceras loscombi,’ and rejected Hyatt’s term, not only on 
account of insufficient definition, but also on account of its being 
included in the family Phylloceratide, whereas Vadasz would assign 
his ‘ Phyllolobites’ to the family Amaltheide. Since a definition 
has now been supplied by Mr. Buckman (1912, p. vin), Hyatt’s 
generic name must be adopted for the present lineage; and, as 
regards the affinity of the genus Tragophylloceras with Amal theus, 
I can only say that, after developing young forms of Amaltheus 
back to the initial chambers, and tracing the evolution of the suture, 
J agree entirely with Pompeckj (1893, p. 23) and Buckman (1913, 
2, p. vil), and reject Vadasz’s theory. 

Ill. OnroGeEny. 

A considerable number of specimens ranging up to 20 mm. in 
<iameter were dissected back to the initial chamber or protoconch, 
the ‘phylembryonic stage’ of Dr. Perrin-Smith (1898). This con- 
sists of the usual transversely-elongate, barrel-shaped chamber, the 
short and long axes of which measure 0°4—0°45 and 0°55-0°65 mm. 
respectively. Figs. 1-3 (Pl. XLVIII) represent in different 
positions the initial chambers of three specimens collected 10 feet 
above the Belemnite-Stone (3 feet above the Lower Limestone) on 
Black Ven. In Branco’s nomenclature fig. 3 @ represents the lateral, 
and fig. 2¢ the frontal, aspect; whereas figs. la & 2a give the 
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view ‘from above.’ Figs. 1, 2, and 3 6 could similarly be styled 
‘aspect from below.’ There is very little variation in shape, not 
only in these three but also in all the other initial chambers 
examined; this agrees with what Branco says about their constancy 
in a given species. As that author has pointed out, it is probable 
that the embryonic shell is represented by only a part of this — 
initial chamber, and the use of the term embryo in Quenstedt’s 
sense for young ammonites up to various | diameters is to be 
deprecated. 

The initial chamber contains the commencement of the siphuncle ; 
but no sign was discovered of the structure (prosiphon) observed 
by Munier-Chalmas in the first chamber of ammonites, which 
Hyatt compares with the siphuncle in Endoceras. The mode of 
preservation (casts in iron-pyrites, which easily break up into the 
component chambers on treatment with dilute acid, the interstices 
being filled with calcite) may be unsuitable for the survival of so 
delicate a structure; but it must be remembered that neither could 
Branco find any prosiphon such as that described by Munier- 
Chalmas, although Hyatt did so in the bulb of Spzrula (teste 
Blake, 1892, p. 291). 

The first septum, separating the protoconch from the succeeding 
(first actual) chamber, is an oval with a long axis like that of the 
protoconch, transverse to the plane of coiling (see Pl. XLVIII, 
fig. 2c). It is pierced ventrally by the large siphuncular tube. The 
curvature of the first suture-line out of the plane of the oval 
consists of a large ventral saddle: that is, the ammonite is angusti- 
sellate (Pl. XLVIII, fig. 2a). A minute indentation at the 
summit of this ventral saddle (incipient ventral lobe) was observed 
in several cases (Pl. XLVIII, fig. 5, and text-fig. 1a). Branco 
(1879) had noticed this indentation in only a very few ammonites. 
The protoconch of 77. loscombi differs somewhat in shape from that 
of Phylloceras heterophyllum as figured by Branco (1879, pl. ix, 
fig. 1), and approaches perhaps more to that of donophyllites 
| Lytoceras| simonyt (1879, pl. vin, fig. 5). All these initial 
chambers are characterized by their comparatively large size, 
whereas that of Pszloceras planorbis, according to Branco (1879, 
pl. x, fig. 3), 1s decidedly small. However, as that author has. 
already pointed out, this is an unimportant character, and probably 
connected with local (environmental) conditions of development. 

The second suture already hasa median lobe (fig. 5, Pl. XLVIII, 
and text-fig. 15); and the development of the following sutures, up 
to a diameter of about 20 mm. where there are six saddles and lobes 
(delineated in text-fig. 1, p. 341), will have to be traced in detail later. 
The section of the shell up to this diameter represents a gradual 
transition from a depressed to a circular and finally compressed 
character. A comparison of figs. 4a & 6 of Pl. XLVIII with 
figs. 2b, 3a, & 46 of Pl. XLLX will show this clearly. The first 
three figures, taken at the second, seventh, and twentieth sutures 
respectively, represent specimens from 10 feet above the Belemnite- 
Stone: that is, 8 feet above the ‘ Lower Limestone’ on Black Ven- 

ia 
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Fig. 1.— Development of the suture-line of Tragophylloceras 
loscombi (J. Sowerby). 
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[a, b, & c, representing the first, second, and seventh sutures, belong to a 
specimen (No. 1575, Coll. Lang) from 10 feet above the Belemnite- 
Stone; d—l (No. 919, Coll. Lang) come from 14 feet above it; and m 
(No. 1201, Coll. Lang) again from 10 feet above the Belemnite-Stone, 
all from Black Ven. The numerals indicate the diameters in milli- 
metres. | 
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Fig. 3a, Pl. XLIX, represents a high-zonal form (85 feet above 
the Belemnite-Stone: that is, horizon of the ‘Upper Limestone’ 
on Stonebarrow Cliff) ; but, except in the suture, it differs in no 
respect from the ammonites occurring below. It will be noticed 
that the whorl-section reaches the circular stage at a diameter of 
2 mm., just as it does in Pstloceras planorbis; whereas in the 
Triassic Pompeckjites layert (Hauer) it is reached even earlier. 
Lunuloceras lunula (Zieten), on the other hand, does not become 
circular in section until a diameter of 4 mm., indicating a long 
series of evolute, depressed ancestors. These figures also illustrate 
the transition from the rounded umbilical edge of the widely- 
umbilicated young shell to the perpendicular wall of the larger 
specimens, which at a diameter of 6:25 mm. already (fig. 4, 
Pl. XLIX) resemble in this respect the adult type (fig. 1, 
PEI), ! 

The siphuncle, which is exceedingly wide, pierces the septa first 
ventrally (fig. 2c, Pl. XLVIII), then subcentrally (fig. 6, PL 
XLVIII), and does not resume its ventral position until near the 
tenth chamber. The distance between the septa is very constant; 
there are fourteen septa to the whorl ata diameter of 0°9 mm. 
(fig. 2a, Pl. XLIX, to second constriction), fourteen at 2°8 mm. 
(fig. 3a, Pl. XLIX), and fourteen again at 6:25 mm. (fig. 4e, 
Bi EX): 

Taste I. (Change of the shape of the whorl coincident 
with the increase in diameter.) 

Diameter Height. Thickness. | Umbilicus. 
anmillimetres.| Per cent. Per cent. Per cent. 

No. (fier 7, P12) 12 35 44 37 
2s Wee rte 2°8 43 40 33 
POKES) 6.x 6°25 55 i ee 20 

PR oe Rd AES 5 55 37 22 
Ais es. VS ia 6°5 54 31 eae 
RUM RY Sea MV CE 7 54 30 21 
Gi Seca ee 75 54 29 19 
LR Sete REN 8 53 28 22 
Sad tila: eA 8 53 31 20 
A 1a fee a Lt 52 27 20 

Ay Ueeeege >, Ae a yee 11 52 27 16 
RM es Ov ge ae Re 11'°5 51 26 17 
eh ake eth ean ate 12 50 27 16 
PB rh eet gh cadens 13 54 31 LS 
TA ae Ale eae 13°4 49 30 21 
LN VHT ok Seale 14°25 54 27 16 
LG eee eee 15 53 26 15 
1b ae St. Coen ile 50 24 21 
a te Maw eee tn 18 SL 25 16 
Ls oot ero ae 1 52 23 16 
Oak he tind eee 20 50 23 16 
De ee Sn lal Hie. 25 53 26 14 
BD sh Mansi dtion igetaehe 38°5 53 24 13 
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The change of whorl-shape with increase of diameter is illustrated 
in Table I (p. 342). The specimens came partly from 10 feet above 
the Belemnite-Stone on Black Ven (Nos. 1, 3, 4, 6, 11, & 20), and 
partly from the horizon of the Upper Limestone (Nos. 2, 5, 7, 9, 
& 19); the remaining specimens were not collected in place, but 
they also came, of course, from the Green Ammonite Beds of Black 
Ven and Stonebarrow. With the exception of the three ornamented 
specimens (13, 14, & 17), of which I shall have to speak again later, 
there is a very regular decrease in thickness and size of the umbilicus ; 
and, as a comparison of Table I with the dimensions of adult speci- 
mens given in Table II (below) will demonstrate, the characters of 
the typical form already are present at a diameter of 25 mm., 
whereas specimens measuring between 10 and 20 mm. still have a 
slightly larger umbilicus and are a little thicker. 

With regard to Table II, which deals with adult forms, it is 
a matter for regret that, on account of the unsatisfactory mode of 
preservation, no large specimen could be developed back to the 
protoconch. But, as a comparison of the dimensions, and especially 
the development of the suture-line, will show, there can be no doubt 
concerning the connexion of the small pyritized casts with the large 
calcareous shells so commonly found as body-chambers only. 

Taste II. 

} 

Diameter | Height. | Thickness. | Umbilicus. 
wn millimetres.| Per cent.| Per cent. | Per cent. 

Le a Ge 78 SOA 23 13 
2. Wright's figs. 4 & 5, pl. xl 148 53 ?23 14 
3. Pompeckj’s specimen 1 ......... 65 52 | 23 14 
4, Specimen 919 a (Coll. Lang) R 94. AS ae 26 14 
5. Specimen 621 (Coll. Lang) 98 ase ee as 13 
6. Spec. 1390 (Coll. F. H. Butler). 78 54. | 23 13 
7. B.M. 90 (Coll. De la Beche) ... 48 52 P25 P12 
8. B.M. C/3719 (Coll. Beckles) ... 77 - Banie) ict 211 
9. B.M. C12609 (Coll. H. S. 109 BA | 24 12 

Romer). Seatown. | | 
10. B.M. C7301 (Coll. Slatter). 95 gl aa | 26 . 13 

Golden Cap. | | 
11. B.M. C6731 (Coll.* Slatter). 53 P54 rye ame Wey 2 

Little Wolford, Warwickshire. 
12. B.M. C 12633 (Coll. Watson). 66 55 24 11 

Napton Hill. 
13. From Belemnite-Stone (Coll. 53 52 | 22 14 

Lang). ; 
14. D’Orbigny’s specimen (text)... 90 i SS 25 10 
14a. do. tL 8 pene 92 | 54 24 13 
15. B.M. 37181 (Coll. Tesson). 69 55 25 13 

Vieux Port, Calvados. . | 
ka 26 12 16. Pompeckj’s specimen 3. 67 55 

Sables, near Bayeux. 

Specimens 1—7 & 13 come from the Lyme Regis district. The locality of 
No. 8 is unknown. No. 11 represents a slightly crenulated, probably low- 
zonal variety. 
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The specimens are still perfectly smooth at a diameter of 5 mm., 
though, after this diameter is reached, some of the casts begin to 
show shallow, sigmoidal depressions on the sides, corresponding to 
indefinite pleats on the original shell. 

The constrictions of the young shells, however, are an important 
feature. They appear sometimes as soon as the fifth, more often 
at about the seventh to tenth septum, and persist fairly regularly 
on the innermost two anda half or three whorls. Those specimens 
that show twelve constrictions up to a diameter of 3°5 mm. belong 
exclusively to the lower horizons (7 and 10 feet above the Belem- 
nite-Stone on Black Ven); whereas in the upper beds (85 feet 
above the Belemnite-Stone on Stonebarrow Cliff=horizon of the 
Upper Limestone), seven or eight constrictions persisting to about 
the diameter of 2°5 or 2°75 mm. were observed. Since, however, 
there is a good deal of variation in the number of constrictions, even 
in the specimens from the lower beds, and since the shells of un- 
doubted Upper Limestone horizon are comparatively few, it is 
uncertain whether any phylogenetic significance attaches to this 
difference. 

Figs. 2a & 3a in Pl. XLIX show the course of the constrictions. 
They are slightly inclined forward, except, perhaps, the first one, 
and follow one another at intervals of, generally, a fifth to a sixth 
of a whorl. 

The smallest specimens that have the shell preserved (9 and 
15 mm. in diameter respectively) show the costation of the adult 
form apparently a little more pronounced. This, however, applies 
chiefly to the middle of the side, where also the previously-mentioned 
sigmoidal grooves on casts exceeding 5 mm. in diameter appear. 
There is no tendency to ornamentation manifest near the peri- 
phery. The curve described by the radii is shown in figs. 6-14 of 
Pl. L, together with the course of the striation in typical forms of 
Monophyllites, Mojsvarites, Psiloceras, Euphyllites and Rhaco- 
phyllites... Several body-chamber fragments from higher horizons, 
up to and including the lower part of the zone of Amaltheus 
margaritatus, show a striate ornament with very distinct fascicu- 
lation ; whereas the usual specimens, like Sowerby’s type, show a 
‘nore or less irregular, lineate ornament. Occasionally, very fine 
striation is superimposed upon the lineation or costation; but, in 
typical forms, the cost do not blend into thickened bundles of 
radii near the inner part of the side. No definite order in the 
variation of ornament and in the occasional sudden appearance of 
scales on the periphery could be demonstrated; neither could it 
be determined as of zonal significance. 

Three small specimens (13, 14, & 17 of Table I) and four 
other fragments, unfortunately not found in place, deserve special 
mention, on account of differences in ornament. Two ot the 
fragments and specimen 17 are distinguished by close sigmoidal 

Only one specimen (a body-chamber fragment from Watford, near Rugby, 
B.M. 20138) was found to differ in the curve of the radial line, having 
the rostration near the periphery unusually pronounced. 
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costation, which is more pronounced than usual. One other 
fragment and a small cast show a distant sigmoidal costation, 
which, together with the sharpened and very slightly notched 
periphery, recalls young forms of Tr agophyllocer as ibex. Specimen 
No. 18 anda small fragment are characterized by a very unusua! 
straight costation, thickening towards the slightly - sharpened 
periphery. 

A complete mouth-border does not seem yet to have been 
discovered, although body-chambers of Tr. loscombi are fairly 
common. This might be explained by the fragility of the shell. 
In the case of Tr. cbex, however, a complete mouth-border is by 
no means rare, although Pompeck] (1893, p. 22) says that it is 
unknown. The longest body-chambers of Tr. loscombi that were 
examined measured nearly three-quarters of a whorl. There also 
is no evidence as to the presence of an aptychus. 

The development of the suture-line will now be traced 
in detail. 
‘The ventral portion of the first suture has a large external 

saddle, two lateral lobes, and two small lateral saddles. The ex- 
ternal saddle resembles that of the first suture of Monophyllites 
simonyt, as also of Phylloceras heterophyllum (Branco, 1879, 
pl. vii, fig. v [| Lytoceras stmonyt| and pl. ix, fig. 1), and is less 
triangular than that of Pszloceras planorbis | Aigoceras planorbis | 
(pl. x, fig. 3). The lateral saddles are intermediate in size between 
those of the two first-mentioned forms. The dorsal portion of 
the first suture consists of a median shallow lobe, two saddles, 
and two indistinct lateral lobes (see text-fig. 1 a, p. 341). 

The second suture belongs to what Branco terms the more com- 
plicated (but far more usual) type, and presents, besides the external 
lobe, two external saddles, two lateral lobes,’ two lateral saddles, 
and already two indistinct second lateral lobes. The second suture 
generally meets the first one at or near the umbilicus. It will be 
noticed that the ventral lobe is already divided by a median saddle ; 
whereas in Phylloceras heterophylium this division does not occur 
until the third suture, and in Monophyllites simonyt not until the 
fourth or fifth." 

The third suture closely resembles the second; but, in the 
subsequent sutures a second lateral saddle is developed at the um- 
bilical end, and in the seventh suture both the ventral and the lateral 
lobes have become deep and the saddles very pronounced. The 
internal (dorsal) lobe has aiso deepened, and a second saddle 
appeared at the umbilical end. 

The undivided suture of the ‘ goniatite-stage’ persists, as in all 
ammonites, to a diameter of about 2°55 mm. The ‘ammonite- 
stage’ is already indicated at that diameter by the presence of a 
notch on the internal half of the external saddle, and the following 
suture (text-fig. 1 e, p. 341), taken at a diameter of 3°25 mm., shows 

1 Branco is not quite sure about this (1879, p. 32). 
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not only the external saddle and first lateral lobe, but also the first 
lateral saddle already dividing. A further saddle has appeared 
at the umbilical end, and the internal suture now consists of a 
very deep and bifid dorsal lobe and two long and narrow saddles. 

Between the diameters of 4 and 8 mm. (text-figs. 1 #14, p. 341) 
the suture consists of five saddles ; and especially noteworthy is the — 
monophyllic character of the large terminal leaflets. The mono- 
phyllic ending of the external saddle is characteristic, even in the 
adult suture; and the terminal leaflet is larger than the two leaflets 
below up to a diameter of 14mm. At that diameter the first” 
lateral saddle assumes the peculiar, subdiphyllic character which it 
shows throughout the adult stage. The internal lower leaflet 
increases in size, and grows forwards until it nearly rivals in height 
the terminal leaflet, and, with it, forms the characteristic claw-like 
ending of the first lateral saddle, which is as distinct in Tragophyl- 
loceras tbex and in Tr. numismule, as it is in Tr. loscombt. The 
four auxiliary lobes found in the adult suture are developed already 
at a diameter of 20mm. They decrease regularly towards the 
umbilicus, and keep just above the normal: that is, the line con- 
necting the deepest part of the ventral lobe with the centre of 
the shell. Throughout the development the first lateral saddle 1s 
higher than the external saddle, and the first lateral lobe is deeper 
than the ventral lobe from a very early stage. 

With regard to variation in suture-line, it should be mentioned 
that a specimen (figs. 3 & 4, Pl. XLIX) from a higher zone already - 
shows a stage corresponding to text-fig. 1 d (p. 341) ata diameter of ~ 
18 mm., and the stage 1 f (reached by the typical forms only at 
the diameter of 4 mm.) at 3mm. On the other hand, a larger 
specimen from the horizon of the Upper Limestone shows, at the 
diameter of 17 mm., a suture which is essentially that of text- 
fig. 1 m (p. 841). ) 

Before the allied forms are considered, the description of 
Tragophylloceras loscombi given by Sowerby ought to be extended, 
in consideration of the developmental evidence. A formal de- 
scription might run thus :— . 

Shell compressed, subextremiperplatygyral (height = 52 to 55 
per cent. of the diameter), with slightly convex sides that merge ° 
without edge into a rounded periphery. The sectional view thus 
shows an elongated oval; the greatest thickness occurs at one- 
third of the height (28 to 26 per cent. of the diameter, therefore 
subleptogyral) ; the umbilicus measures 10 to 14 per cent. of the 
diameter (angustumbilicate), and has a vertical wall with a rounded 
edge; the involution amounts to five-sixths of the height. The inner 
whorls are first depressed, with no inclusion, and at a diameter 
of about 2 mm., circular with slight inclusion and an open 
umbilicus of approximately 35 per cent. Between the diameters 
of 5 and 20 mm. the shells are but slightly thicker and more 
widely umbilicated than the adult shells: at a diameter of 25 mm., 
however, the characters of the latter are typically developed. 
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The innermost two and a half to three whorls bear from five 
to twelve constrictions persisting not later than the diameter of 
3°5 mm. 

The shell is ornamented with delicate cost, of which there are 
forty on the last half-whorl of the type-specimen. They describe 
a sigmoidal curve, having a convexity forward at the inner third 
of the side and crossing the periphery in a second convex curve 
forward. Occasionally in older shells (on the body- chamber) the 
radii tend to thicken. along the rounded ventral region to form 
faint scales. Length of body- chamber = probably nearly three- 
quarters of a whorl ; mouth-border and aptychus unknown. 

The suture-line normally presents four auxiliary lobes. The 
external saddle is lower than the first lateral saddle; the median 
saddle of the ventral lobe is comparatively high, and the first 
lateral lobe is deep. The external saddle is monophyllic through- 
out the development, as are all the other saddles except the first 
lateral saddle, which assumes a subdiphyllic appearance in the 
adult. The terminal leaflets of the three principal saddles are 
lanceolate, spoon-shaped in the adult; the remainder, like the 
young saddle-endings, truly phylloid. 

Allied Species. 

Mr. Buckman (1910) has redescribed and figured Simpson’s 
Ammonites ambiguus, which came from Robin Hood’s Bay, 
presumably from the Valdani Zone.! This ammonite differs very 
little from Tragophylloceras loscombi.2 Its umbilicus is 15 per 
cent. of the diameter, instead of the usual 10 to 14 per cent.; and 
its thickness is probably 29, not 28 to 26 per cent. Its whorl- 
section may also be a little more trigonal in shape. Unless found 
to differ in suture-line, however, this form would hardly be regarded 
as more than a variety of Grautite ascendens ad) Tr. Toscombis 

The other ammonites included in the genus Tragophylloceras 
ean be divided into two groups: namely, that of Tr. nwmismale and 
that of Tr. ibex. The former includes, besides the trigonal-whorled, 
striate Tr. numismale (Quenstedt), its crenulate, compressed 
development Tr. typicum 8. 8. Buckman; the stout-whorled 77. 
eltent (Pompeck}), and the densicostate Zr. intracrustatum 
(Quenstedt) ; the similar but more crenulate 77. wechslert (Oppel), 
and the sparsicostate Tr. paucicostatum (Pomp.). A number of 
forms such as Pragophyllocei as n. sp. (=A. thex-heterophyllus 
Quenst. 1885) ; Futterer’s (1891) fig. 6 a of pl. vii; and Wright's 
(1880) figs. 1-3 of pl. xxxix, are transitional to the ty pical, 

1 At first, also with a query, recorded from the Capricornus Zone. 
2 Tate & Blake (1876, p. 296) considered it to be a synonym of Tr. loscombi 

(J. Sowerby). 
3 Ammonites nanus Simpson and A. huntoni Simpson are, according to 

information kindly forwarded by Mr. Buckman, probably young forms of 
Ti ‘agophylloceras. Similarly, A. robinsoni Simpson may belong here, to judge 
by two specimens in the British Museum (N. H. 37987) bearing Bean’s 
original label. 
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coarsely-ornamented Tragophylloceras ibex. With the exception of 
Tr. numismale and Tr. elteni, which are quoted by Pompeck] 
from the Jamesoni Zone, all the forms mentioned above appear 
to belong to the Ibex Zone. ‘Phylloceras’ dolosum Meneghini 
(1881), included by Pompeckj in the present group, is charae- 
terized by diphyllic saddles which, together with its occurrence 
in the Mediterranean province, point to a connexion with haco- 
phyllites. ‘Amaltheus (Sphenodiscus)’ sinister Canavari (1882), 
which is compared by its author with 7’. loscombz, similarly has a 
Rhacophyllites suture.+ 

Before any opinion on the interconnexion of these forms can be 
expressed, the ontogenetic evidence regarding Tv. zbex and Tr. 
numismale must be examined. The latter, accordmg to Pom- 
peckj (1893, p. 16), has constrictions up to the diameter of about 
20 mm., a séction which is as high as it is wide still at a diameter 
of 4 mm.; whereas at 7 mm. the relation of height to thickness is 
as 81: 25, instead of 31:17 asin Tr. loscombz. On the other hand, 
the suture of 77. nwmismale shows a beginning of the division of 
the saddles at the diameter of 4 mm. only, whereas this stage is 
reached much earlier in Tr. loscombt. The median saddle in the 
ventral lobe of Tr. nwmismale also is much simpler than it is in 
Tr. loscombt. From the study of the ontogeny of Tr. loscombi it 
is clear that such a stouter-whorled form with constrictions per- 
sisting longer, and with a simpler suture-line,? was in the direct 
line of ancestry of Sowerby’s ammonite. Now Pompeck] (1893, 
p- 18) considered the developmental series nwmismale-wechsleri- 
zbex more probable than the two developments put forward by 
Futterer, the latter tending to develop densicostate and sparsi- 
costate forms respectively. Neither author, however, seems to 
have been aware of the existence of a striate Tragophylloceras 
fauna in post-zbea times. 

As regards Tr. ibex, constrictions persist, according to Pompeckj, 
up to the diameter of 5 mm., and the whorls soon become very 
thin with an almost sharpened periphery. A comparison of text- 
fig. 1 m (p. 341), showing the suture of 77. loscombi at the diameter 
of 20 mm., with that of 7. zbex at 25 mm. (Pompeckj, 1893, p. 23, 
text-fig. 3) will also testify to the simpler development in the 
latter. It is true that fig. 1b of Pompeckj (1893, p. 23), taken at 
about the diameter of the accompanying fig. 1 (p. 341), shows 
amuch greater advance ; but, on the other hand, from the evidence 
of young specimens of Zragophylloceras ibex from Gloucestershire 

1 In 1888, Canavari (‘ Contribuzione alla Fauna del Lias inferiore di Spezia ’ 
Mem. R. Com. Geol. Ital. vol. iii, pt. 2, p. 34) assigned this form to the 
genus Oxynoticeras ! 

2 Pompeckj bases his distinction between Ti. loscombi and Tr. numismale 
partly on the presence of four auxiliary lobes only in the former, but six in 
the latter ; in view of the developmental evidence this need, however, cause 
no uneasiness. A comparison of the section of Sowerby’s type (fig. 1, 
Pl. XLIX) with Quenstedt’s (1885) fig. 9 on pl. xxxvii will show the difference 
in the umbilical region between the two forms which might easily account 
for the varying number of auxiliary elements in the sutures. 
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in my own collection, it appears that the stage shown in fig. 1% 
(p. 341), reached by Tr. loscombi at the diameter of 8 mm., is not 
attained by Zr. ibex until between 10 and 18 mm. _ Constrictions 
and suture, therefore, point, here also, to a more primitive condition 
than in Tr. loscombi. The adult zbex suture is characterized by 
slender and long terminal leaflets on the saddles, and by the raising 

_ of the auxiliaries above the normal, both of which characters were. 
observed in the slightly-crenulated form from the Belemnite Stone 
(fig. 2e), and in another, similar, specimen, not found in place,! 
which shows these slender leaflets already present at a diameter of 
15 mm. 

Whether, now, we accept Pompeckj’s developmental series nwmis- 
male-wechsleri-tbex, or the more probable lineages put forward by 
Futterer (namely, 2wmsmale-wechsleri on the one hand, and nwmis- 
male-ibex on the other), it seems that none of them leads to 
Tr. loscombt. In the latter form, if the ornament tends at all to 
thicken on the periphery, it does so on body-chambers only, and 
on these at various horizons up to margaritatus. The section is 
uniformly oval between 5 and 20 mm., at which stage in the earlier 
Tr. tbex it is at first high and sharpened peripherally, and then 
rectangular; finally, the suture-line of Tr. loscombi, still at a 
diameter of 14 mm., shows a large terminal leaflet of the external 
saddle with two smaller ones below. We must, therefore, look to 
a nuimismale-like form for the ancestor of Tr. loscombz, and not to 
the strongly ornamented ammonites of the Ibex Zone.? 

With regard to the curious distribution of the forms belonging 
to the genus Tragophylloceras in time and space, it may be 
suggested that the original, probably Mediterranean, ancestor 
(whose affinities with various Lower Liassic and Triassic families 
I shall attempt to trace in the following pages), after migrating 
into the Swabian Carixian Sea, did not thrive? until it took on 
marked ornamentation, when it spread as far north and west as 
England and Normandy. ‘The normal, compressed and involute 
development (Tragophylloceras loscombt) followed the migration, 

1 From the preservation and general appearance of this specimen, as well as 
from the circumstances in which it was collected, Mr. Lang thinks it likely 
that it came from a foot or so below the Belemnite-Stone, where he found 
Acanthopleuroceras ellipticum (Sow.). 

2 Tt is interesting to note here that a body-chamber fragment of a specimen 
of Tragophylloceras ibex measuring about 130 mm. in diameter, from Hewlett’s 
brickyard, near Cheltenham (B.M. C 8876), has the lineate ornament of Tr. 
loscombi on the last four-fifths of its half-whorl and is only distinguished by a 
tabulate periphery and a wide umbilicus. At the posterior end of the body- 
chamber the typical ibex periphery can still, however, be seen; the last suture 
only is preserved, but unfortunately worn down and therefore not traceable. 

On the evidence of this specimen one might be tempted to consider the 
later, involute Tr. loscombi as a descendant of Ti. ibex, the omission of the 
costate-crenulate stages being explained by saltative palingenesis. It must 
be remembered, however, that the suture-line in that case would presumably 
be of a different type in the later form. But the specimen can be regarded as 
proof of the close relationship, and more or less parallel development, of the 
ibex- and loscombi-branches in the genus Tragophylloceras, 

ae, ragophylloceras numismale is a rare fossil, 
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but did not become a conspicuous element of the fauna until the 
ornamented forms had died out. 

The latter seem to have displaced the unornamented forms — 
altogether in the southern regions; but, even in England and in 
France, the group became extinct in margaritatus times. The 
exceptional character of the extreme ornamentation, such as occurs 
in Tr. ibex in the persistently smooth stock of the Phylloceratide, 
may account for the rapid and earlier extinction of the sculptured 
forms. 

The interrelations of the various fornis belonging to the genus 
ee ylloceras might, then, be graphically represented as 
ollows::— 

Margaritatus Horizon. \ 

Algovianus Horizon. 

Bechet Horizon. Loscombi 
(ambiguum). 

Wechsleri-ibex and 
intermediate forms. 

Ibew-Valdani Horizon, lteni. a ex-Valdani oon we | 

Jameson Horizon. t $ 

p 

Latecosta Horizon. 

IV. PHYLOGENY. 

Futterer, who established the formenreihe of Phylloceras 
loscombi, had already traced Tragophylloceras back to Mono- 
phyllites, particularly to the group of J. spherophyllus. He 
based his arguments chiefly on the external characters of the 
shell, considered the ornament a modified monophyllitie one, and 
ae with the (adult) sutures which, in his opinion, showed 
a gradual transition, especially in the development of a trifid first 
lateral lobe from the original bifid lobe. The immediate attach- 
ment of the Carixian genus to Triassic forms, without considera- 
tion of the allied genera that existed in the enormous time-interval, 
was, however, scarcely convincing. Pompeckj doubted the correct- 
ness of Futterer’s theory, but expressed no opinion himself. 

The latest forms of Monophyllites mentioned by Futterer, and 
therefore the more or less direct ancestors of the lineage, were 
Monophyllites aonis Mojs. and I. sitmonyt Hauer. Now, Futterer 
left Ammonites loscombi in the genus Ph yllocer as, and, if Phyllo- 
ceras be the descendant of Discophy yllites (as is generally supposed, 
and as seems to me probable), the genus Tr agophyllocer as is at 
once removed from the Jurassic Phylloceratidee : for Discophyllites 
is a branch of the original Monophyllites root-stock which is 
distinguished already at the horizon of the above-mentioned 
UW. aonis and UU. simonyt by bifid saddle-endings. 



BA Saas 
ae, ye. 

Rye 

Vol. 70,]| DEVELOPMENT OF TRAGOPHYLLOCERAS LOSCOMBI. 351 

One of the important features demonstrated in the development 
of the suture-line of Tragophylloceras loscombi was the persistence, 
up toa diameter of about 14. mm., of a large terminal leaflet on the 
external saddle, followed by two smaller ones below. According 
to Pompeckj (1895), this arrangement, which is typical of Mojs- 
varites clio (Mojs.) and IL. planorboides (Giimbel), occurs, if in 
a different manner, in Phylloceras heterophyllum, but is less_ 
distinct in Tragophyllocer as ibex. Now, Branco’s figure (1879, 
pl. ix, fig. 1g) shows that the suture of Phylloceras hetero- 
ph yllum at 3°25 mm., although very similar, is slightly more 
advanced than that of Zr. loscombi at the same diameter (see 
fig. le, p. 341); both are foreshadowed in the suture of Mono- 
phyllites simonyt at 3 mm. (op. cit. pl. vil, fig. Vm), but there 
is no resemblance whatever to the development of the Jega- 
phyllites suture, as Pompeck] considers. In fact, the Triassic 
Megaphyllites insectum Mojs. shows already at the diameter of 
2°5 mm. the second lateral lobe as complicated as the first one ; 
whereas, in the Upper Liassic Phylloceras heterophyllum, it is 
perfectly entire up to the diameter of 3°25 mm. The suture of 
Ph. heterophyllum shows a diphyllic external saddle and first 
lateral saddle already at 7 mm., whereas, as we have seen, at twice 
that diameter the external saddle of Z> agophylloceras loscombi has 
still a large terminal leaflet; and although in 77. zbex, as Pompeck] 
remarks, this character is less distinct, it is certainly shown on 
specimens exceeding 8 mm. in diameter. 

Moreover, Pompeck] says that in Pszloceras! there is never 
developed on the external saddle a large upper leaflet followed by 
two small ones below, such as in Mojsvarites. The development 
of the suture-line of a specimen of Ps?/oceras aff. erugatum (Bean- 
Phillips) from Robin Hood’s Bay, illustrated in fig. 4 of Pl. L, 
shows that this is not the case. At a diameter of 25 mm. the 
central terminal leaflet is still the largest, and the suture at 7 mm. 
ciameter will show that the external saddle does not by any means 
develop three equal leaflets straight from an undivided condition. 
But this Psiloceras suture at the diameter of 7 mm. is almost 
exactly like that of the accompanying fig. 1f . 341) of Trago- 
phylloceras loscombi at the diameter of 4.mm.: that is, in a 
post-constricted stage.” 

The suture may, indeed, be said to remain in the ‘ Pszloceras ’- 
stage up to a’ diameter of 8 mm. Now, Psiloceras is not the 

1 One form generally included in the genus Psilocevas occupies really quite 
a distinct position. This is A.hagenowi Dunker, for which the new genus 
Psilophyllites [type: P. hagenowi (Dunker), ‘ Paleeontographica’ vol. i, 
1847, pl. xiii, fig. 22] is now proposed. Dunker’s fig. 22¢ is badly drawit's 
see Quenstedt (1883) p. 21. His fig. 2 of pl. xvii ought to receive a new name. 
Until it is shown by ontogenetic evidence that the pseudoceratitic suture of that 
form is derived by reduction from a psiloceratid one, Psilophyllites cannot 
even be included in the Psiloceratide, as a comparison with the development 
illustrated in fig. 4 of Pl. L will show. 

2 Asymmetry of the suture-line, as characteristic of Psiloceratide, was 
noticed by Pompeckj in a specimen of Ti. loscombi from Sables, near Bayeux ; 
but I have not observed it myself in any specimens. 

Q. J.G.S. No. 279. 2B 
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descendant of Mojsvarites clio, as Mojsisovics had stated (18938), 
nor of IZ. planorboides, as Prof. Haug (1908) seems to think; 
for this genus had attained already a fairly involute condition in 
the Rheetic, whereas Pszloceras (and especially Parapsiloceras, 
which resembles so closely the primitive Pleuracanthites polycy- 
cloides Wahn.) is still latumbilicate. It is neither a derivative of 
the diphyllic Discophyllites nor of Phylloceras, as Pompeck] 
(1895, p. 40) thinks; but comes from a branch of the original 
Monophyllites root-stock that may have given rise to Mojsvarites 
as well, although it persisted itself in a less advanced condition 
through Rhetic times, having possibly not only dependent 
auxiliaries, but also the ornament of the inner whorls of certain 
forms of Monophyllites. Dr. Perrin-Smith (1913) thinks it im- 
probable that Pszloceras can be derived from Phylloceratide, and 
states that the resemblance to Monophyllites probably is only 
a convergence-phenomenon. He considers it ‘just as likely’ that 
Psiloceras is a degenerate series reversionary towards the ancestral 
radical; but these are mere conjectures. Mr. Buckman, however, 
has stated as recently as 1912 (op. ezt. p. vil) that Pszloceras is a 
‘degenerate, (smooth) derivative of a Caloceras stock’; but this 
cannot be admitted in view of the phylloid suture-line. The 
development of the suture-line shows that that of the later Calo- 
ceras results normally from that of the earlier Pstloceras, as a 
further modification of the original MJojsvarites-like suture. The 
sunilarity of the suture-development to that of Tragophylloceras 
loscombi and, less so, to the suture-development of Phylloceras 
heterophyllum, shows that the ancestor of Pszloceras must be 
looked for in the Monophyllitide. 

The absence of a suspensive lobe (dependent auxiliaries) in forms 
of the latter family is, in my opinion, not of great importance. 
Wahner (1886) has already pointed out that it is neither always 
present in Pszloceras, nor always absent in ‘ Avvetites. Its 
significance is doubtful; for it is found in evolute and in involute 
shells, in ornamented and in smooth forms, in ammonites with few 
septa as in those with crowded sutures. Some smooth catagenetie 
oxycones show a strong forward inclination of the auxiliaries, others 
have dependent inner lobes. On the other hand, Wehneroceras, 
admittedly a costate Pszloceras development, shows the dependent 
inner lobes; whereas the even more anagenetic (in costation) 
‘ Psiloceras’ capra-ibex Pompeck}j, from the Bucklandi Zone, has 
a strong forward inclination of the auxiliaries." Thus, in view of 
the evidence of the phylloid suture, we are not justified in laying 

1 It may not be ott of place to mention here that, although some Arietoids 
seem to be developments of Caloceras and Alsatites, yet others show onto- 
genetic characters which do not suggest a derivation from Psiloceratide. For 
example, Vermiceras spiratissimum (Quenstedt) has not only a persistently 
low ventral lobe, but the external saddle is still larger than the first lateral 
saddle at a diameter of 8 mm.; and, at a diameter of 4 mm., the suture is 
at least as simple as it is in the Triassic Monophyllites simonyi and in 
Psiloceras aff. erugatum at 3 and 2°25 mm, respectively. 
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Fig. 2.— Sutures of adult specimens of Tragophylloceras 
loscombi (J. Sowerby). All the figures are enlarged. 

ea 

[a=No.1 of Table II, p. 343; b= No. 7 of Table II; c=No. 6 of Table II. 
d is from specimen No. 471 (Coll. F. H. Butler): diameter = 43 mm. :; 
umbilicus = 17 per cent. ; slightly crenulated, sharp periphery. Probably 
a low-zonal form comparable with the next one and No. 11 of Table II; 
its history is unknown. e=WNo. 13 of Table II, and f= No. 15 of the 
same Table. | 
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stress on the presence of dependent auxiliaries in some psilocerates, 
nor in relying on the costation. Pszloceras cannot, however, yet 
be attached to any particular form of the Monophyllitide. 

But if, on the evidence of the suture-development, we favour 
the recognition of an early-neanic Monophyllites stage ! and a late- 
neanie Psiloceras stage, we must remember that the evolute and 
rounded-whorled Tragophylloceras ancestor was constricted at a 
comparatively late date, if we are to argue phylogenetically from 
the persistence of the constrictions in 7. nwmismale up to a diameter 
of about 20 mm. Constrictions occur in a number of genera 
belonging to the Phylloceratide and Lytoceratide of the Alpine- 
Mediterranean Lower Lias, but unfortunately the ontogeny of these 
forms is unknown. Jnvolute forms are referred to ‘ Phylloceras’ 
and most arbitrarily distributed among the groups of Ph. hetero- 
phyllum, Ph. capitanei, and Ph. partschi. Rhacophyllites is 
distinguished chiefly by evolute whorls (obviously a most unsatis- 
factory character) with a correspondingly smaller number of 
auxiliaries, but has, like Phylloccras, typically diphyllic saddles. 
Fig. 3, Pl. L. shows the development of the suture of ARhaco- 
phyllites stella (Sow.) from a diameter of 4mm. The monophyllie 
second lateral saddle may point to the derivation (by way of 
Discophyllites) from the Monophyllitida. The shape of the conch 
of Rhacophyllites stella at diameters of 4 and 6 mm. respectively 
(Pl. L, figs. 1 & 2) is the morphic equivalent of the hypothetical 
Tragophylloceras ancestor; and, if the evidence of the suture-line 
were not so decisively against it, one might be tempted to accept 
Geyer’s opinion of the relationship of these two genera. 

The undue importance given to whorl-shape in these phyllocerates 
1s responsible for the extraordinary confusion which prevails in the 
grouping of the 120 forms of the Lower and Middle Lias. The 
forms referred to Geyeroceras? and to the group of Phylloceras 
persanense Herbich, show the variability in section. Some of these 
forms are, by their sutures, allied to Phylloceras, while others are 
clearly rhacophyllitic, although excluded from Rhacophyllites 
on account of their involution. “Again, Phylloceras glaberrimum 
Neumayr, and Ph. psilomorphum } “Neumayr, which, according to 
Geyer (1886), probably belong to Rhacophyllites, are referred (like 
Ph. lunense Meneghini) by most authors to the group of Phyllo- 
ceras heterophyllum, also because they are involute. Their external 
saddles are diphyllic, as is also the case in Ph. togatum Mojs., 
although this form,? on account of its constrictions, is referred by 

1 The nepionic stage, which must agree with the larval development of that 
Triassic genus, will be dealt with later. 

2 A specimen of Geyeroceras cylindricum (Sow.), which I dissected by 
kind permission of the Keeper of the Geological Department of the British 
Museum, was unfortunately, owing to its preservation in brittle iron-oxide, 
not reducible to a sufficiently small diameter, and consequently the lo 
ment of its suture-line could not be traced. 

3 According to Wiahner (op. cit. pt. viii, 1898, p. 175) this is identical with 
Rhacophyllites stella Neumayr. 

S - wit ; 4 
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some authors to the group of Phylloceras capitanei. Another 
Phylloceras, mentioned by Neumayr (1879) from the Psilonotus 
Beds, has a larger umbilicus and less numerous constrictions, and 

therefore comes very near to the young Rhacophyllites stella. If 
we further remember that there are constricted and non-constricted 
Rhacophyllites of the stella group, and that the constrictions in 
‘ Phylloceras’ itself differ widely, as is shown when comparing, for 
instance, Ph. sylvestre Herbich (1878) with the above-mentioned 
Ph. togatum Mojs., it will be seen that neither whorl-shape and 
involution, nor ornament and constrictions in the adult, will enable 
us satisfactorily to separate these ammonites into Phylloceras on 
the one hand and Rhacophyllites on the other. Evidence of the 
development alone (especially of the development of the suture-line ) 
will permit us to approximate to a rational classification of these 
early forms. 

Rhacophyllites might, as Pompeckj (1895, p. 39) suggested, be 
restricted to the ornamented forms, preferably the transsylvanicus- 
diopsis group. Meneghiniceras denotes the crenulate development, 
whereas Dasyceras and Schistophylloceras appear to be special 
lateral developments. The former is not identical with Luphyliites, 
as Prinz (1905) seems to think, since it has a rhacophyllitic suture 
and no constrictions ; the latter may be used for the suleate forms 
(Sch. aulonotum Herbich, and Sch. sulcatum Vadasz) which are 
restricted to the lowermost Lias. Carinate forms (not necessarily 
suleate on casts) which appear at several horizons (wermoesense, 
pars in Wahner ; extmius Hauer; planispira Reynés), but do not 
give rise to any progeny, cannot be satisfactorily separated as yet. 

As has been stated before, all these forms, on account of their 
normally diphyllic saddles, appear to be descendants of Discophyl- 
lites, and are certainly not in the ancestry of the genus Zrago- 
phylloceras with its monophyllic external saddle.  Huphyllites, 
however, which has a psiloceratid suture-line in addition to con- 
strictions, appears to be more closely related to the stock which, 
later, produced Tragophylloceras. 

It is by no means suggested that Huphyllites is in the direct 
line cf ancestry of the genus Tragophylloceras. Euphyllites has 
compressed whorls, and begins to develop, not only strong lateral 
ornament,! but incipient crenulation of the periphery, such as is 
observed solely on body-chambers of Zi. loscombi. But the course 
of the radial line, the constrictions and the suture-line indicate 
close relationship. The suture-line is not unsymmetrical, as in 
Psiloceras, nor is the suspensive lobe so typically developed as it is 
in Ps. calliphyllum Wahner. The saddles, on the other hand, 
are triphyllic, although Wiahner says that the external saddle 
is intermediate between Pszloceras and Phylloceras and, therefore, 
subdiphyllic. Wa&ahner thinks it curious that in EHuphyliites, as 
well as in Phylloceras (Rhacophyllites), two forms should occur 

1 The apparently big ribs of the innermost whorls are merely the raised 
portions of the lateral area between successive constrictions, and not coste. 

\ 
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which are very close one to the other as regards external shape and 
yet have, the one a triphyllic, the other a diphyllic first lateral 
saddle. It seems to me, however, that the diphyllic and triphyllie 
saddle-endings, which are very often most difficult to distinguish, 
are of little importance if considered in the adult alone and without 
knowledge of their development. If Rhacophyllites wermoesense 
Herbich is as near to Rh. stella Sow. as Wahner! thinks, then 
the development of its principal saddles must resemble that of 
fig. 8, Pl. L, and be thus typically diphyllic. In Huphyllites, on 
the other hand, the development is apparently, like that of Pszlo- 
ceras, monophyllic, with triphyllic endings in the adult. The 
resemblance of its triphyllic first lateral saddle and external saddle 
(the latter occasionally subdiphyllic) to Rhacophyllites uermoesense 
in the adult would thus be quite superficial. 

Huphyllites is included in what Prof. Diener (1908) called that 
remarkable stock of transitional forms between Phylloceras, Lyto- 
ceras, and. Psiloceras, which proved the common origin of all 
Liassic ammonites. He would adopt MHyatt’s family - name 
‘Pleuracanthitide’ for this group, and look for the roots of this ~ 
stock in the Triassic genus Mojsvarites. 
Now Pleuracanthites is very near to Analytoceras: in fact, 

“Wahner had called it ‘a connecting link’ between the families 
Hgoceratidee (= Psiloceratide + Arietide ) and Lytoceratide. But 
Analytoceras articulatum (Sow.) in whorl-shape and con- 
strictions is again a morphic equivalent of the unknown 
Tragoph ylloceras ancestor, although characterized by an already 
distinct lytoceratid suture. Moreover, forms such as Plewra- 
canthites polycycloides Wahner, and Parapsiloceras polycyclum 
(Wahner), according to their author, must have been very near, 
morphologically and genetically, to ‘the ancestor of Psvloceras 
calliphyllum. Consequently, Plewracanthites, Parapsiloceras, 
and Huphyllites are, indeed, a transitional group which with Keto- 
centrites, might well be separated, as Prof. Diener has suggested. 

The question now arises whether Zragophylloceras, which has 
morphic equivalents in Phylloceras (Rhacophyllites) as well as in 
Analytoceras, but the suture-development of which connects it 
more with the Psiloceratidee, should be included in this transitional 
family of the ‘ Pleuracanthitide.’ Its late geological age seems to 
be at first sight against this union, but it will be seen that the 
psiloceratid suture up to a comparatively late stage makes it 
truly a primitive genus; whereas, even morphologically, Zrago- 
phyltloceras has hitherto occupied quite a distinct position among 
the Jurassic Phylloceratide. It is therefore considered that 
Tragophylloceras can more naturally be grouped with Huphyllites” 
and the other primitive forms, than with the typical Phyllo- 
ceratide. The term Pleuracanthitide Hyatt, as suggested by 
Diener is, perhaps, not quite suitable, since Plewracanthites itself, 

1 Rhacophyllites wermoesense in Wahner’s interpretation is too compre- 
hensive, and includes a variety of forms which might very well be separated. 
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Fig. 3.—Sutures of various ammonites. 

=O, 

If 

{a=-d = Tragophylloceras loscombi (Sowerby): a= Primitive Goniatite stage ; 
b= Glyphioceras-Dimorphoceras stage; c= Monophyllites stage; d= 
Psiloceras stage. e-h = Monophyllites simonyi (Hauer) after Branco. 
i= Anthracoceras discus Frech. k-l==Dimorphoceras gilbertsoni (Phil.) ; 
m= D. looneyi (Phil.). n-o = Thalassoceras gemmellaroi Karp. (n = 
adult; o=young), p=Th. microdiscus Gemm. gq = Th. varicosum 
Gemm. #= Ussuria schamare Diener. | 
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with incipient carination, brings out the transition to Lytoceras, 
Psiloceras, and the Arietoids, but not the phylloceratid 
ancestry of the group. The term Pleuracanthitide, however, 
is here adopted, and it is suggested that the family be included 
as Monophyllites—Mojsvarites descendants in the superfamily 
Phylloceratida. 

Finally, it may not be out of place to review the evidence 
regarding pre-Liassic ancestors of Tra gophylloceras and the Phyl- 
‘loceratida. The sutures representing the ‘Primitive Goniatite,’ the 
‘ Glyphioceras—Dimoi “phoceras, and the ‘ ALonophyllites ’ stages 
are again illustrated in text-figs. 3 a—8 ¢ (p. 357). Figs. e-h show 
the closely-comparable dev elopment of the suture of Monophyllites 
simonyt, after Branco. It will be seen that the suture of an adult 
Anthracoceras (Dimorphoceras), shown in fig. 7, differs only in the 
complication of the median saddle in the ventral lobe, a feature 
which characterizes the development Dimorphoceras—Thalassoceras 
(figs. k-1). Thalassocerata of the complicated gemmellarot type, 
however, form a specialized lateral branch, and have no descendants 
in the Lower Trias; whereas from simple, more generalized and 
therefore plastic Thalassocerata (see figs. o-7), both Ussuria and 
Ussurites appear to have developed. Here the elaboration of the 
lateral elements takes the place of the complication of the ventral 
lobe in the older sequence Dimorphoceras—Thalassoceras. Now, in 
Monophyllites itself, which is shown by its suture to be nearly 
related to the ancestral stock that produced Usswrites, the first 
lateral lobe becomes subdivided before the ventral lobe, and this is 
also the case in Tragophylloceras; but it does not apply to all 
Phylloceratida, as the ontogeny of Phyl loceras heterophyllum 
shows. 

Again, we have seen that the ventral lobe of Tragophylloceras 
is considerably less deep than it is in AZonophyllites, which is what 
we should expect in the later genus, considering the high ventral 
lobe of the adult Monophyllites. But, arguing phylogenetically 
from this, we should in the ancestral forms of this genus look for a 
deep ventral lobe. It is therefore probable that a primitive and 
originally (not secondarily ) involute ammonoid of the Thalassoceras 
microdiscus pattern, with a deep ventral lobe, and itself the de-— 
scendant of an involute gly phioceratid (Anthracoceras |), comes 
nearest the hypothetical Monophyllites ancestor. This generalized 
root-form persisted throughout, and, after one or two more or less 
futile attempts at specialization (resulting in Thalassoceras, the 
highest-developed ammonoid of the Permian, and in Ussuria- 

1 Prof. Frech (1899) derives Anthracoceras and Dimorphoceras from the 
evolute Devonian Gephyroceras, but it can much more naturally be attached to 
the involute Carboniferous Glyphioceras (Beyrichoceras), which has a similar 
suture and the subdivision of the median saddle in the ventral lobe just 
indicated, though in Dimorphoceras this subdivision becomes the prominent 
feature. Dr. Perrin-Smith (1913, p. 637), on the other hand, connects Di- 
morphoceras with Aganides, but the narrow, deep, and undivided ventral lobe 
of the latter genus is against this derivation. 
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Ussurites, the highest eeteee tics of the Lower Trias), began to 
develop rapidly w with the svessi and spherophyllus groups of 
Monophyllites, at the base of the Middle Trias. 

Nomismoceras, which is erroneously regarded as the ancestor of 
Monophyllites by Prof. Haug (1908, vol. iil, pt. i, p. 860) and 
Dr. Perrin-Smith (1913, p. 650), is a dwarted, lateral development 
off Glyphioceras, with extreme latumbilication setting in. 
Popanoceras and Cyclolobus, on the other hand, which are con- 
sidered to be the ancestors of Monophyllites by Zittel (1910) 
and Prinz (1904). apparently lead to MJegaphyllites and Phyllo- 
cladiscites; and we have already seen that a comparison of the 
suture-development in Megaphyllites with that of Monophyllites 
does not reveal any connexion of Megaphyllites and Popanoceras 
with the Monophyllitide. The question of relationship can only 
be settled definitely, however, when the ontogeny of these Permian 
and Triassic forms has been studied. 

The following is suggested as an improvement on the existing 
classification :— 

Glyphioceratida : 

Thalassoceratide : 
Dimorphoceras — Anthracoceras — Thalassoceras — Ussuria — 
Ussurites. 

Phylloceratida : 

Monophyllitide : 
Monophyllites—Mojsvar ae 

Phylloceratide : 

Discophyllites — reyeroceras— Rhacophyllites — 
Dasyceras—Schistophylloceras— Meneghiniceras—Sorerbyceras. 

Pleuracanthitide : 

Tragophylloceras — Ewphyllites — ? Psilophyllites — Parapsilo- 
ceras—Pleuracanthites—Ectocentrites. 

In conclusion, I desire to express my best thanks to the 
authorities of the British Museum (Natural History ) for permission 
to examine the material in their custody and to dissect certain 
specimens; to Prof. Paul Lemoine, of Paris, for information 
regarding A.d’Orbigny’s figured specimens; to a number of friends, 
especially to Dr. Wyatt Wingrave and to Mr. J. Francis, F.G.S., 
for permission to examine their ammonites; and to Mr. C. P. 
Chatwin, for bibliographic assistance and for reading through the 
manuscript. My especial thanks are due to Mr. W. D. Lang, who 
has collected the material so.admirably, and whose keen enthusiasm 
for research among the ammonites has greatly encouraged me in 
the preparation of this paper. 
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- EXPLANATION OF PLATES XLVIII-L. 

PuatTEe XLVIII. 

Tragophylloceras loscombi (J. Sowerby), from 10 feet above the Belemnite- 
Stone on Black Ven, Charmouth. 

[The numbers in parentheses refer to the collection of Mr. W. D. Lang. All 
the figures are enlarged, and represent internal casts in iron-pyrites. ] 

Figs. 1a & 1b. Protoconch from above and from below (1957 a). 70. 
2a & 2b. Protoconch from above and from below (2019). x70. 

Fig. 2c. Frontal aspect do. X70. 
Figs. 3a & 36. Lateral aspect and view from below (1999). 70. 

4a &4b. The same specimen at the second suture. 60. 
iS 3 Di. Specimen (1962 a) showing first and second sutures. 70. 

6. The same specimen at the seventh suture. X55. 

PuatTe XLIX. 

Tragophylloceras loscombi (J. Sowerby). 

(All the figures are enlarged, except fig. 1, which is of the natural size. 
Figs. 2-4 represent internal casts in iron- pyrites.) 

Fig. 1. Front-view (outline) of Sowerby’s type (B. M. No. 33425). ‘ Blue 
'  Lias’ of Lyme Regis. 

2a. Young shell at the diameter of 1°2 mm, showing constrictions (1957). 
From 10 feet above the Belemnite-Stone on Black Ven. X35. 

2b. Section of the same. 
3a. Shell at the diameter of 2°8 mm. (1206). From a rainwashed slope at 

the horizon, of the Upper Limestone, 35 feet above the Belemnite- 
Stone on Stonebarrow Cliff. x18. 

3b. Suture at the diameter of 1:8 mm. 
3c. Suture at the diameter of 3 mm. 
3d. Internal (dorsal) suture at the diameter of 1°8 mm.. 

Figs.4a-4c. The same specimen (1206) at a diameter of 6°25 mm.; a & b=side- 
and sectional views, X43; c=side-view, 15. 

Pruate L. 

Figs. la & 1b. Rhacophyllites stella (Sow.). Lower Lias of Spezia (Brit. Mus. 
C 15569). Diameter =6mm. X4. 

2a &2b, The same at the diameter of 4mm. x8. 
3a-3c. Sutures of the same specimen :—3 a at the diameter of 4mm. ; 

3b at 6mm.; 3c in the adult. 
Fig. 4. Psiloceras aff. erugatum (Bean-Phillips). Planorbis Zone of 

Robin Hood’s Bay. Suture-development, enlarged. The 
numerals indicate the diameters in mm. 

5. The same. Asymmetrical suture of another specimen. S= 
position of siphuncle; M=median line. 

6. Radial line of Tragophylloceras loscombi (J. Sowerby) type. 
he Do. do. riba GOs do. (in Wright). 

Figs. 8a &8b. Do. do. Tragophylloceras ambiguum (Simpson) in 
Buckman. 

Fig, 9. Do. do. Psiloceras planorbis (Sowerby) in Quenstedt. 
10. Do. do. Ewphyllites struckmanni (Neum.) in Wahner. 
a Do. do. Rhacophyllites wermoesense (Herb.) in Wahner. 
12. “Do. = do.. Mojsvarites planorboides (Giimb.) in Pom- 

peckj. 
13. Do. do. Monophyllites agenor Mojs. (in Pompeck)). 
14, Do. do. Monophyllites simonyi (Hauer) in Pompeckj. 
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DISCUSSION. 

Dr. A. M. Davies congratulated the Author on what appeared 
to be a very important piece of work. The species that he 
had chosen for investigation belonged to the first of the series of 
invading ammonites from the Mediterranean area which temporarily 
established themselves in Britain and, more frequently, in Germany. 
The paper was one to be read carefully and at leisure, and the 
connexions which it appeared to trace between Jurassic and earlier 
Ammonoids promised to be of great interest. 

The Presrpenr (Dr. A. Surrx Woopwarp) expressed his — 
gratification that a beginning had been made in studying in 
detail the growth-stages of the British Liassic Ammonites. Until 
all the principal types had been dissected in the skilful manner in 
which the Author had treated Tragophylloceras loscombi, there — 
seemed to be little hope of making further progress in the inter- 
‘pretation and classification of these mollusca. 

The Avuruor, in reply, briefly thanked the President and Dr. 
A. M. Davies for the appreciative remarks, and the Fellows 
present for their kind reception of his paper. 
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lL. INTRODUCTION. 

I@nEovs rocks with topaz as a constituent are well known, and 
it is unnecessary to give in detail the literature dealing with them. 
The best known are those in which the topaz is associated with 
ceassiterite, and in such cases it is generally believed that the topaz 
has been formed by the tin-bearmg media acting on felspar, con- 
verting part of the silicate of alumina into fluoride of alumina. 
The object of this paper, however, is to describe some clear sections 
in the Federated Malay States where two topaz-bearing rocks, 
both carrying cassiterite, are shown to have been intruded into 
porphyritic granite, and where the evidence is conclusive that both 
topaz and cassiterite are not alteration-products of previously 
formed minerals, but crystallized from the molten rock as topaz 
and cassiterite. 

Gunong Bakau (‘Gunong’ is the Malay equivalent for mountain) 
isa mountain 4426 feet high, situated in the centre of the Main 
Range of the Peninsula, on the boundary between the two States, 
Selangor and Pahang. The name will not be found on any pub- 
lished map, but it will suffice to say that. in the sketch-map 
accompanying my paper on the ‘ Geological History of the Malay 
Peninsula ’,’ its position is near the source of the River Selangor, 
at the boundary of the State of that name. 

The sketch-map accompanying the present paper (fig. 1, p. 364) 
gives. some idea of the surroundings of the mountain. On the west 
are the sources of the Rivers Kajang, Bakau, and Luit; on the east 
is the source of the River Chinchong. The slopes of the mountain 
are steep, sometimes as much as 45°; but, until mining operations 

1 Q. J. G. S. vol. Ixix (1918) pp. 343-71 & pl. xxxv. 
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Fig. 1.—Sketch-map of Gunong Bakaw and its 
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refer to quarries] 

[All the big veins are not shown ; their course is roughly indicated by 
the heavy black bands. ] 
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commenced, the whole of the peak was covered with dense vegetation. 
It is now the scene of considerable mining activity, and is a striking 
tribute to the perseverance of the two well-known Pahang miners, 
Mr. A. H. Bibby and Mr. J. Ruxton, to whom I am indebted for 
assistance In keeping pace with developments in the Chinchong 
Valley since 1904. Iam also indebted to Mr. W. M. Mason for 
valuable help on the Selangor side of the mountain. 

The history of the development of Gunong Bakau is noteworthy. 
In 1904, or perhaps earlier, Messrs. Bibby & Ruxton found in 
the Chinchong Valley numerous boulders of a rock consisting 
essentially of quartz, topaz, and cassiterite. The percentage of 
tin-ore was sufficient to stimulate a search for the source of the 
boulders, and in 1908 a lode was found on the north side of the 
valley, but it was not the topaz-bearing rock. ‘The prospectors 
were finally rewarded by finding the topaz- and cassiterite-bearing 
rock 7m situ close to the top of Gunong Bakau, and it was proved 
later to extend to the Selangor side of the mountain and up to 
its summit. 

, 

II. OUTLINE OF THE GEOLOGY OF GUNONG BakAU. 

The geology of this part of the Main Range of the Peninsula 
has been kept‘in view, so far as circumstances permitted, ever since 
1904; but it was not until October and November, 1912, that 

Fig. 2.— Diagram showing the relations of the porphyritic 
granite to the two intrusive rocks. (See p. 366.) 

nA 
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[1 = Porphyritic granite ; 2 = Quartz-topaz rock ; 3 = Topaz-aplite. 
The central quartz-topaz vein has not been proved to exist as yet. ] 

it was possible to arrive at definite conclusions. I have no 
hesitation in saying that these conclusions would not have been 
possible, but for the extensive operations of the tin-miners and the 
assistance so readily granted by them. 

Gunong Bakau is composed of porphyritic granite into which 
two rocks have been intruded, one after the other. The first rock 
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to be intruded was one in which quartz and topaz are constant con- 
stituents, and it 1s called in this paper the quartz-topazrock. It 
occurs in veins, the biggest of which are about 15 feet thick. Some 
of these veins appear, at their outcrops on the side of the mountain, 
to be regular in form and lying almost flat, thus resembling sills. — 
Others, however, are very irregular both in their course and in 

their form. Some are 
only an inch or so-thick. 

The second rock to be 
intruded was topaz- a SS 

x a as ek aplite. This cuts both 
e ‘4 . the porphyritic granite 
= 7 and the quartz-topaz 
. a veins. On the north 
S eat AT3 As side of the mountain it 
2 TRIAL Sit forms large masses. On 
= cal the south it is not so 
. Ke abundant, and one clear 

Ty section shows distinct 
veins of it. J have 
called this rock an 
aplite, but it is rather 
coarse-grained for an 
aplite, and nowhere 
coarse-grained enough 
to be called a pegma- 
tite, except as will be 
described later, at the 
border of certain parts 
of it. . . 

Fig. 2 (p. 365) shows 
diagrammatically there- 
lations of the porphyritic 
granite, the  quartz- 
topaz rock, and the 
topaz-aplite. The cen- 
tral vein of quartz- 
topaz rock has not yet 
been proved to exist, but 
the fact that Gunong 
Bakau stands out as a 
peak on the granite 
mass of the Main Range 
leads one to suspect 
some such hard core. 

Fig. 3 is a sketch of 
an actual section, showing the quartz-topaz veins cutting the por- 
phyritie granite, and the topaz-aplite cutting both these rocks. 
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III. DEscRIPTION OF THE GRANITE AND ASSOCIATED Rocks. 

(1) The Porphyritic Granite. 

The porphyritic granite is for the greater part weathered to a 
soft mass, owing to the kaolinization of the felspar; but in it are 
numerous ‘core-boulders,’ some of great size, consisting of fresh 
rock that has resisted weathering and affords good material for 
study. Both the fresh and the weathered rocks were examined by 
separation of the constituents in heavy liquids and by an electro- 
magnet, while the fresh rock was also examined by means of 
sections. 

The porphyritic crystals are of orthoclase. In the mass of the 
rock are orthoclase and plagioclase, with maximum extinction- 
angles that reach 23°. Enclosed in the felspar a little muscovite is 
found. There is a little brown and also some blue tourmaline. 
A very small quantity of cassiterite and topaz was found in some 
specimens. In the fresh rock the chief mica is of a rich brown 
hue, and is apparently uniaxial. Careful spectroscopic tests proved 
a trace of lithia in this mica: the spectrum was very faint, but 
distinguishable. This mica may be called biotite with a trace 
of lithia.* Zircon and apatite are abundant. 

There is no definite evidence that the tourmaline, topaz, and 
cassiterite, or any one of these minerals, are alteration-products of 
previously-formed minerals; but, in some specimens taken near the 
junction with a quartz-topaz vein, the tourmaline and topaz are 
more abundant than elsewhere. Both minerals in these cases may 
have been produced by media coming from the quartz-topaz vein. 
The muscovite enclosed in felspar may be an alteration-product of 
that mineral, but I have no proof.of this. It might equally well 
be an original mineral, and the same must be admitted of the 
cassiterite, topaz, and tourmaline. No topaz or cassiterite has been 
seen in sections of the fresh rock, but topaz was detected by 
crushing and separating a large quantity of the fresh rock. 

(2) The Quartz-Topaz Vein-Rock. 

Distribution.—Some idea of the distribution of this rock may 
be gained from fig. 1 (p. 364). On the north one well-marked 
vein occurs in Quarry M. At the summit of the mountain and near 
the summit, as also along the ridge to the south as far as Quarry K, 
there are numerous outcrops of veins. Exposures of veins are seen 
in drives east of Quarry H, and one large circular section of a 
vein is exposed high up on a face in this quarry. In Quarry T 
another strong vein is exposed, and numerous smaller veins can 
be seen in a cutting made for some mine buildings hard by (fig. 3, 
p- 866). On the west the quartz-topaz rock is found as far down 

1 See J. D. Dana, ‘A System of Mineralogy’ 6th ed. (1892) p. 630— 
Analyses 6, 7, 29, & 30; also p. 631—Analyses 35 & 36. 

Q. J. G. §. No. 279. 2C 
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from the summit as 460 feetand ata distance of about a mile. On 
the east, in Quarry B, is a strong vein about 15 feet thick, cropping: 
out 280 feet down from the summit. This has been followed into 
the hill by means of drives. It appears to extend southwards 
towards Quarry C, where also is a thick vein, which may be the 
same as that in Quarry B, or a parallel vein at a higher level. Near 
Quarry C is evidence which leads one to believe “that there may 
be three other veins, one cropping out below the other. Far to- 
the south, about 2 miles away, the quartz-topaz rock has been 
found again, on the slopes of Gunong Raja, both by myself and 
by Mr. W. R. Jones, who also acca a similar topaz- -bearing” 

rock near the foot of the Main Range in Selangor, some 10 miles. 
distant. 

Owing to the fact that the quartz-topaz rock does not weather 
readily, “because it contains no felspar, the veins are easily distin- 
guished from the soft, weathered porphyritic granite. (Pl. LI, 
fig. 1.) 

Petrology.—When quite fresh the pure quartz-topaz rock is. 
pale in colour, and of medium grain. It is hard. When exposed 
at the surface, it becomes slightly porous and pure white. This is. 
owing to the slow solution of the quartz-grains and the alteration 
of the topaz toa fine, white, micaceous substance. No evidence 
has been found of the topaz weathering to kaolin. Masses of 
practically pure quartz-topaz rock are exposed on the south side 
of Gunong Bakau. 

Quartz and topaz are, as already stated, constant constituents. 
Other constituents are cassiterite, tourmaline, arsenopyrite, pyrite, 
and white mica. The last is rare, and not noticeable in a hand- 
specimen, some bemg a product of weathering of the topaz, but 
some certainly an original mineral of the rock. Its scarcity may 
be judged from the fact that, although I watched the crushed stone 
from Quarry B passing over a Wilfley table for some time, I could 
not detect any. Sections of the rock show an occasional small flake. 
In Quarry M, however, there is throughout the rock a dark mica, 
easily distinguishable in a hand-specimen. The same mica oceurs 
in patches elsewhere in the quartz-topaz rock. A little fluorite has. 
been found in a section, and, as a result of treating large quantities. 
of crushed rock, two zircon-crystals were detected. The signifi- 
cance of the extreme rarity of zircon will be dealt with later. 

The quartz is in regular grains, and calls for no special 
comment. 

The topaz cannot be Aiacoicied easily in any hand-specimen 
that I have seen. In sections under the microscope it is seen to 
have some straight boundaries, and in separations of crushed rock ~ 
it sometimes shows fair crystal outline. It frequently oceurs as. 
minute grains enclosed in quartz. The cleavage parallel to (001) 
is well shown in sections. In some specimens, where there is little 
or no cassiterite, the topaz was found to constitute about 5 per cent. 
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of the rock. In other specimens, rich in cassiterite, it forms about 
9 per cent. of the rock, with 9 per cent. of cassiterite. There do not 
appear, however, to be any definite relations between the percentage 
of topaz and that of cassiterite, as one vein was found rich in topaz 
and dark mica, but with no cassiterite. 

The cassiterite is generally brown by transmitted light. In 
section it sometimes shows crystal boundaries, and in the crushed 
rock crystals with sharp outline were found. In one section a 
pertect little crystal was observed in quartz, and in anothera perfect 
erystal was seen apparently enclosed in topaz. The cassiterite does 
not occur as veins or pipes in the quartz-topaz rock, but as a 
disseminated mineral. In Quarry B it forms about 1:75 per cent. 
of the rock. Occasionally one finds patches where the mineral has 
segregated to form a higher percentage than this. It never forms 
big crystals or big grains. 
The tourmaline is not very common. Both brown and blue 

tourmaline occur. In some veins the mineral can be distinguished 
in hand-specimens as small dark spots. 

Patches rich in tourmaline were found in Quarry C, one of them 
measuring 57 by 16 inches. In these patches the tourmaline 
occurs as aciculate crystals, and is associated with quartz, small 
clearly-defined crystals of cassiterite, and topaz. No zircons were 
found. 

The dark mica, which occurs throughout the exposed portion 
of the vein in Quarry M, and as patches in other veins, is 
greenish, brown, or sometimes almost black, in hand-specimens. 
The axial figure does not open on rotation, so the mica is apparently 
uniaxial. It is rich in iron, and every specimen examined spectro- 
scopically gives a strong reaction for lithia. It may be called, 
therefore, zinnwaldite rich in iron, and is comparable with 
Scharizer’s protolithionite." Cassiterite commonly occurs with this 
mica, and also topaz; but it has been remarked that where the mica 
is very abundant, the cassiterite is not abundant, and in some 
cases is entirely wanting. Where the mica occurs as a patch, the 
percentage of cassiterite in the mica-patch is distinctly less than 
in the surrounding quartz-topaz rock, where there is no dark mica. 
The mica and the topaz are seen in section to be closely associated, 
as though they had crystallized out from the molten vein-rock 
together. 
The mica- patches vary considerably in size. One that I mea- 

sured was 41 by 20 inches, but some are only an inch or two in 
diameter. They contain quartz, topaz, and sometimes sulphides, 
like the rest of the rock, and the only explanation that I can give 
of them is that the mica was segregated in certain parts of the 
still molten base. They differ from the familiar basic patches in. 
granite, in that the surrounding quartz-topaz rock contains no 
dark lithia-mica ; whereas, in the granite, mica occurs both in the 
patches and in the surrounding rock. 

1 J. D. Dana, ‘ A System of Mineralogy’ 6th ed, (1892) p. 627; see also 
*Rabenglimmer,’ ibid. p. 626. 

2c2 
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Pleochroic halos are abundant in the dark mica, and some of the 
inclusions bear a strong resemblance to zircon-crystals. A quantity 
of the mica was separated from the rock by an electro-magnet, and 
treated with the object of isolating the included minerals. Minute 
olive-green prisms of tourmaline were found, but it is not certain 
that these were surrounded by halos. A few well-formed zircon- 
crystals were obtained, and there can be no doubt that in some 
cases the halos do surround zircons, as in the biotite of granite. 

(3) The Border of the Quartz-Topaz Veins without 
Dark Zinnwaldite. 

The junction of the quartz-topaz vems with the weathered 
porphyritic granite is clearly defined, and where there is no dark 
zinnwaldite there is almost invariabiy a dark border to the quartz- 
topaz rock, varying in thickness from half an inch to 8 inches, that 
appears to be part of the vein-rock. This border is equally distinct 
in the thickest and in the thinnest veins, or perhaps it would be 
more correct to say that it is more distinct in the very thin veins, 
measuring only an inch across—because sometimes, in such cases, 
the dark borders on each side of the vein as seen in section are 
thicker than the vein itself. In the bigger veins the lines of 
division between the border and the granite and between the border 
and the quartz-topaz rock are both distinct, but in some of the 
smaller veins the dark border can be seen gradually passing into 
granite. 

That this dark border of the quartz-topaz veins is a result of 
reaction between media that came off from the vein-rock and the 
porphyritie granite, and not a portion of the original vein-rock, is 
evident from the examination of sections, and therefore I propose 
to call it the reaction-border. The evidence is as follows :— 
Zircons, which are abundant in the granite, but extremely rare in 
the quartz-topaz rock, are common in the reaction-border. This 
was proved by separating the minerals in several crushed specimens. 
Some of the original biotite of the granite, bleached, but showing 
halos, and with secondary brown tourmaline formed in it, is found 
in the border. The colour of the border is dark, because of the 
abundance of tourmaline, which is nearly all brown. There is, 
however, some blue tourmaline. In addition to the tourmaline 
masses of fine-flaked muscovite occur, which suggest the alteration 
of the felspar of the granite ; and, in this connexion, it is interesting 
to note that separations of the powdered rock afforded very little 
topaz. In one section a little topaz was seen in a mass of muscovite. 
No topaz was found in other sections. The presence of cassiterite 
could not be proved in the border, but in crushed rock one grain 
was found which may be that mineral. 

The base of the reaction-border is quartz, and there is no ee 
The grain of the border 1 is finer than that of the veins. 
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(4) Veins from the Reaction-Border invading the 
Porphyritie Granite. — 

In Quarry C a thin vein was found running off from the reaction- 
border into the porphyritic granite. It consists of brown and blue 
tourmaline, quartz, zircon, and muscovite, and appears to be due 
to the alteration of the granite along a fissure by media given off 
from the quartz-topaz vein. A similar vein was seen on the ridge 
south cf the summit of Gunong Bakau, and another such vein 
was noted in Quarry B. 

(5) The Border of the Quartz-Topaz Veins with 
Dark Zinnwaldite. 

In Quarry M also there is a reaction-border between the vein- 
rock and the granite. In part it resembles the reaction-border 
described above, but generally the change. effected in the granite is 
of a different nature. Fortunately sections could be cut showing 
both the altered porphyritic granite and the edge of the vein-rock. 
The granite is mainly altered to a quartz-muscovite-rock, the 
alteration extending only for a few inches at the most. Except 
at the immediate junction the altered granite is very soft. The 
muscovite occurs in felted masses of small flakes, and probably 
represents the felspar of the granite. Owing to the softness of 
the latter away from the immediate junction, and the general 
kaolinization by weathering of the felspar, this could not be proved 
by sections showing a gradual change. A little topaz was found 
that may have been derived from the felspar also. In the altered 
eranite there is some altered biotite, as in the other type of reaction- 
border, but only a little tourmaline. The edge of the quartz-topaz 
vein is finer in grain than the body of the vein-rock. It contains 
on the whole as much topaz as the body of the rock, and in some 
cases more of that mineral. It generally contains more dark zinn- 
waldite. In one specimen the zinnwaldite, which is brown and more 
brightly coloured than in the body of the rock, but has been proved 
to be the same species, forms a distinct band, evidently the result 
of segregation during cooling. The greater abundance of the topaz 
in certain specimens admits of the same explanation. Sometimes, 
at the edge of the vein, one finds a beautiful intergrowth of the 
zinnwaldite and granular topaz. The felted masses of muscovite 
seen in the altered granite are not found in the border of the vein, 

_ but occasionally there is a quantity of white micaceous material 
formed by the alteration of the topaz. Tourmaline, generally of a 
distinct brown hue, occurs at the edge of the vein-rock, though 
not so abundantly as in the reaction-border. 

The difference between the junction of the vein-rock with the 
granite in Quarry M, where the lithia-mica is abundant, and the 
junction between the two rocks elsewhere, is that in the former case 
the media coming off from the vein-rock produced a very thin band 
of greisen, while in the latter the result was a more distinct band 
of schorl-rock. 
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An alternative theory that suggests itself regarding the schorl- 
rock, is that the tourmaline may be in part the result of segregation 
from the vein-rock on the cool margin of the vein, but this could 
not be applied to some of the very small veins, where the reaction- 
border, full of tourmaline, is larger than the vein itself, in which 
tourmaline is not very common. Moreover, if the abundant tour- 
maline of the reaction-border were even in part a result of segre- 
gation, we should expect to get abundant topaz also (as in the clear 
case of segregation in Quarry-M), but no case of a reaction-border 
with abundant topaz has been found. The explanation of the 
abnndant tourmaline must be that the media contained more boron 
than in the case of the vein in Quarry M. 

(6) The Topaz-Aplite. 

The quartz-topaz veins do not contain any felspar, but in the 
topaz-aplite felspar is abundant. Generally it is almost completely 
kaolinized, but rock was found fresh enough for cutting sections. 
The following minerals occur :— 

Quartz: this is common. 
Orthoclase : highly kaolinized. 
Plagioclase: not so much altered as the orthoclase, and showing ex- 

tinction-angles as high as 20°. 
Topaz: where the rock is too soft for sections to be cut, the topaz has 

been almost entirely altered to a micaceous mineral. Consequently, 
it is difficult to say how the amount compares with the amount 
present in the quartz-topaz rock. The sections cut show less than 
is found generally in the other rock, and probably the amount 
throughout was less. ees 

Pale-brown mica: not abundant. 
Muscovite: not uncommon. 
Cassiterite : not abundant, in irregular grains. 
Tourmaline: brown and blue; not abundant; some enclosed in fresh 

felspar. ; 

In one of the drives near Quarry H a modification of this aplite 
occurs, with very abundant dark zinnwaldite, rich in iron, and 
apparently uniaxial like the mica in Quarry M. The bulk of the 
rock is formed of potash-felspar, but there is a little topaz anda 
little cassiterite. 

In Quarry H, again, a nest of lithia-mica was found in a rock 
believed to be part of the aplite-intrusions. In this mica the axial 
figure opens slightly. 

Numerous sections occur where the topaz-aplite may be seen | 
cutting the quartz-topaz veins. ‘No evidence was noted of reaction 
between the two rocks or the media carried by them.. Where the 
aplite cuts the granite, there is no marked alteration of the latter 
as in the case of the quartz-topaz veins. 

Two occurrences of pegmatite have been noted in connexion 
with the topaz-aplite. One is in the underground workings near 
Quarry B. A section of topaz-aplite is exposed showing the junction 
with the porphyritic granite, and from the aplite a thin vein of 
pegmatite with a border of schorl-rock protrudes into the granite. 

a 
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The other case is in the underground workings of Quarry M. 
Here the junction of the topaz-aplite with the porphyritic granite 
is marked by a border, about half an inch thick, of pegmatite. 

(7) Ore-Bodies believed to have been formed by Media 
from the Topaz-Aplite Intrusions. 

Except in one spot, the topaz-aplite has not proved to be worth 
working for tin-ore, but in Quarry H certain ore-bodies were found 
some time ago, and one was found in the Chinchong Valley (see 
above, p. 365). Except for specimens, these ore- -bodies have all dis- 
appeared now; but it was evident that they were the result of the 
alteration of pre- existing granitic rocks, and probable that the 
media which effected the alteration came from the aplite-intrusions. 
The evidence on the latter point is not so clear as it might be, but 
it need not be discussed here, as the ore-bodies are merely men- 
tioned in order that emphasis may be placed on certain points 

- that mark them off as distinct from the quartz-topaz rock. 
‘In the first piace no topaz was found in them. They contained 

little quartz, but a large amount of pale-green mica, which is 
practically colourless in thin sections. Where the ore was very rich 
the rock consisted of nothing but cassiterite and mica. Where it 
was poor, in Quarry H, it was felspathic, and two micas were 
distinguished: a mica with calcite as an alteration-product and the 
figure of a uniaxial mineral, believed to be the original mica of the 
rock in which the ore- body was formed; and a biaxial, secondary 
mica, largely developed in the felspar of ‘the original rock. None 
of the mica from these ore-bodies in Quarry H gave a reaction for 
lithia. In the ore-body found in the Chinchong Valley, the 
powdered rock gave a very faint reaction for lithia, which was 
believed to come from a small quantity of mica having the axial 
angle of ordinary zinnwaldite. The rest of the mica in this ore- 
body had a small axial angle, excepting a trace with the figure of a 
uniaxial mineral, that might have been the original mica of the 
rock in which the ore- body was formed. 

These ore-bodies then, formed by the alteration of 
granitic rocks, had no topaz, and with the exception just 
noted, no lithia-mica: but they contained abundant 
secondary mica that was distinctly biaxial. 

The quartz-topaz veins and the topaz-aplite, on the 
other hand, have abundant topaz, no secondary mica 
(except that formed by the weathering of the topaz), 
while they do contain a dark lithia- ea rich in iron, 
that has the habit of an original rock-constituent. 

IV. THe Fav.ts. 

There are numerous small faults cutting the granite, quartz- 
topaz veins, and aplite of Gunong Bakau. “The amount of throw 
is small. The largest throw that I could measure was less than 
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10 feet. Generally the throws are about 1 to 3 feet. In Quarry 
H there are some well-marked slickensides, but the effect of the 
faults on the ore-bodies worked there was not appreciable. In 
Quarry C there is some evidence of movement along the top of 
the quartz-topaz vein, between the schorl-rock and the unaltered 
granite. 

Faults such as these are common throughout the granite-masses 
of the Malay Peninsula. They probably mark the final adjust- 
ments of the cooled magma, and perhaps also faults due to earth- 
movements during the Tertiary Period. In one place, about 15 
miles from Gunong Bakau, I have seen evidence of a big fault; 
but, on the whole, the faults cutting the granite and associated 
rocks are of no structural importance. ‘This is certainly the 
case on Gunong Bakau. : 7 

6 

V. ORIGIN OF THE QuARTZ-Topaz VEIN-Rock. 

The foregoing description of the rocks exposed on Gunong 
Bakau, although condensed, will, it is hoped, suffice to show that 
we are dealing with a very interesting piece of petrography. That — 
the quartz-topaz vein-rock consolidated from a molten state, and 

was not formed by the alteration 7m situ of a pre-existing rock, 
is IN my opinion beyond doubt ; but, before we discuss the possible 
changes in the granite magma that led to its intrusion into the 
porphyritic granite, it will be as well to adduce in detail the 
evidence on which this opinion is based. One reason why this is 
advisable is, that any one who had seen a hand-specimen only of 
the rock, would, in view of the literature on rocks with topaz and 
cassiterite, expect to find that it had been formed by the alteration 
of another rock; and, in fact, in a previous publication I gave 
expression to such an expectation myself, fortunately with a certain 
amount of reserve.’ 

The study of the quartz-topaz veins has been particularly in- 
teresting to me, because some years ago I had an opportunity of 
studying in equal detail a typical case of the formation of greisen 
with topaz in Cornwall,? and the points of difference between the 
two rocks have proved to be very instructive. 

The clearest way of giving the evidence which militates against 
the quartz-topaz rock being an alteration-product such as the 
Cligga-Head greisen, is to employ the device of reductio ad 
absurdum, and to assume for the sake of argument that the veins 
were formed in the same manner. We are then confronted by the 
following difficulties :—- : | 

(1) In typical greisen-veins there is the clearest evidence of 
alteration extending from a fissure and gradually dying away at a 
distance from the fissure. In the quartz-topaz veins no such 

1 «The Geology & Mining Industries of Ulu Pahang > Kuala Lumpur, 1911, 
p. 24, 

2 «The Granite & Greisen of Cligga Head (Western Cornwall)’ Q. J. G. S. 
vol. lix (1903) pp. 142-59. | 
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fissures have been observed, and the vein-rock, rich in topaz, ends 
abruptly against the granite, which, however, has been altered for 
a few inches by emanations from the v vein-rock to form familiar 
pneumatolytic modifications. 

(2) If the quartz-topaz rock is an alteration-product, then we 
must assume that the reaction-borders of schorl-rock and greisen 
mark the farthest extent to which the alteration reached. Then 
why is the vein-rock so dissimilar from the rock that is clearly an 
alteration-product? It should be the same. Where the reaction- 
border of schorl-rock occurs, we should have a solid vein of nothing 
but schorl-rock. Where the reaction-border is of ereisen, we 
should have a vein of nothing but the same rock. To put these 
objections in another form :— 

(a) Why does the proportion of topaz, so abundant in the vein, suddeniy 
drop almost to vanishing-point in the reaction-border ? 

(b) Why does the cassiterite, common in the vein, practically disappear 
in the reaction-border ? 

(c) Why are not the masses of white mica that are found in the reaction- 
, border found also in the vein-rock ? 
(d) Why is tourmaline so abundant in the schorl-rock reaction-border, and 

not abundant in the vein, from which the schorl-rock is separated by 
a Sharp line of division ? 

(e) Why are zircons common in the schorl-rock reaction-border and so rare 
in the adjacent vein-rock ? 

(3) If the quartz-topaz rock is an alteration-product, then the 
iron-rich zinnwaldite is an alteration-product, as it is not the same 
mica as that in the granite. Then it must have been formed from 
something. In greisen the secondary mica is believed to have 
been formed from felspar. But in Quarry M we observe masses of 
white mica in the altered granite, formed from felspar in all pro- 
bability, and the zinnwaldite is distinct from this mica. Moreover, 
the zinnwaldite has included zircons with pleochroic halos. Were 
these zircons originally in felspar-crystals waiting for the forma- 
tion of the zinnwaldite ? 1 

(4) If the zinnwaldite originated -by alteration of some mineral 
in the granite, since the granite is much the same in composition 
throughout the area under discussion, why do we not find the 
zinnwaldite in all the veins? and why do we find it in isolated 
patches ? 

(5) Why in Quarry M do we get finer grain at the edge of 
the vein, suggesting quicker cooling, and sometimes a higher per- 
centage of zinnwaldite and topaz suggesting a segregation “of these 
minerals in the part of the vein that first became solid ? 

(6) Finally, why were the ore-bodies mentioned above as oc- 
curring in Quarry H and in the Chinchong Valley, ore-bodies that 

1 In R. Beck’s ‘The Nature of Ore-Deposits’ (Engl. transl. by W. H. 
Weed, vol. i, p. 200) a greisen from Banka is figured showing ‘ mica with 
dark aureoles round zircons.’ This figure resembles closely sections of stone 
from the vein in Quarry M on Gunong Bakau. It is evidently held to be an 
alteration-product (op. cit. p. 201), but how the zircons got into the lithia- 
mica is not explained. 
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were certainly formed by the alteration of pre-existing rocks, 
markedly different from the quartz-topaz rock (see the points of 
difference enumerated above) ? 

Fig. 3 (p. 8366) shows better than any verbal description how 
the quartz-topaz ves occur, and that sketch, with the evidence 
just adduced, must, I think, sweep away all doubt about the rock 
having consolidated as it is now with quartz and topaz as original 
constituents. 

The origin of the rock led to a difficulty in assigning to it a 
name. I: have referred to it in local publications as the ‘ Chin- 
chong rock’ orthe ‘ quartz-topaz-cassiterite rock’ ; but, after seeing 
it ia situ, I sought for a better appellation. Where the iron-rich 
zinnwaldite occurs the rock might be called a greisen, indeed a 
very similar rock has been figured as greisen.! But, although 
greisen is not necessarily an alteration-product,? most of the well- 
Imown examples have: been formed by pneumatolytic changes, and 
the chief minerals of greisen are quartz and mica, the mica being 
usually white. This is not a fatal objection to calling the rock in 
Quarry M greisen, but that name cannot be applied to the other 
veins, where mica as an original constituent of the rock plays. 
a part less important: than apatite in granite. By no: stretch of 
imagination can the main constituents of the veins, apart from that 
in Quarry M, be said to be quartz and mica, and therefore the — 

1 R. Beck, ‘The Nature of Ore-Deposits’ [ Engl. transl.], vol. i, p. 200. 
2 See A. Harker, ‘Carrock Fell: A Study of Variation of Igneous Rock- 

Masses—Pt. II, The Grainsgill Greisen,’ Q. J. G.S. vol. li (1895) pp. 139- 
47. On p. 142 the author states that ‘these Cumbrian quartz-mica rocks 
differ in some respects from typical greisens, such as those of Cornwall and 
Saxony.’ On pp. 142, 143 the author writes of the ‘ topaz, tinstone, and other 
minerals characteristic of the true greisens.’ That these minerals occur in 
connexion with greisens is of course admitted, but I think that their im- 
portance is now somewhat overestimated. Dr. J. 8. Flett, in the ‘ Geology of 
the Land’s End District’ (Mem. Geol. Surv. Expl. Sheets 351 & 358, 1907) 
gives an account of some Cornish greisens (see pp. 57, 58, 66). He says on 
p. 57, ‘ Topaz is very commonly, though not constantly, present.’ On p. 66, 
in the description of the ‘ greisening’ of elvans there is no mention of topaz, 
but tin-ore is said to occur. Dr. W. Lindgren in ‘ Metasomatic Processes in 
Fissure-Veins ’ (Genesis of Ore-Deposits) says, on p. 540, that greisen is a 
granular rock consisting chiefly of quartz, topaz, and white mica, thus making 
the topaz more important than the mica; and, on p. 544, the same author 
says that the name greisen ought to be reserved for the granular alteration- 
products of granite consisting of ‘ quartz, lithion-mica, topaz, and cassiterite.’ 
It is difficult to agree with this. Reference to text-books will show that 
greisen is generally regarded as consisting essentially of quartz and mica. 
The other minerals play the part of accessories. F. Zirkel (‘ Petrographie’ 

_ 2nd ed. 1894, vol. 11, p. 122), however, regards the lithia-mica also as an 
accessory, and the same view is taken by H. Rosenbusch (‘ Mikroskopische 
Physiographie der Massigen Gesteine’ 3rd ed. 1896, p. 83). These authors 
regard the change from felspar to quartz as the most important feature of 
the rock, but the Cornish examples show that the production of secondary 
mica is equally important. I have a specimen in my office of Zinnwald 
greisen, obtained from a dealer. It is not like the Cornish greisens, but 
resembles the rock in Quarry M on Gunong Bakau. The amount of topaz 
is small, and what is present is closely associated with the zinnwaldite, as in 
the Gunong Bakau rock. 
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name greisen is inapplicable. The topaz, which is far more 
abundant than, and differs in habit from, the topaz in any greisen 
that I have examined, suggests the name ‘topazfels,’ but here again 
the name is associated with the alteration of a pre-existing rock. 
The best-known example of such an alteration is the altered quartz- 
porphyry of Mount Bischoff, in Tasmania; and, after reading 
W. von Firck’s paper,’ and coniparing the plates of microphoto- 
graphs accompanying the paper with the quartz-topaz rock, I can 
say that the latter is a very different thing.? For example, I have 
not seen in any of the quartz-topaz veins even a suggestion of a 
pseudomorph of topaz after felspar.2 The only reference that I 
can find to a rock like the quartz-topaz rock is in Rosenbusch’s 
‘ Mikroskopische Physiographie der Massigen Gesteine’ 3rd ed. 
(1896) p. 84, where, in describing the Altenberg ‘Zwitter,’ he 

says :—-- 
‘In diesem normalen Zwitter tritt in geringer Verbreitung eine graue 

Varietit ohne griinen Glimmer auf. Sie besteht aus 71.36 °/, Quarz, 

27.21 °/, Topaz, und 1.43 °/, Zinnstein.’ + 

The rock in Quarry M and the mica-patches elsewhere might 
then be called greisen; but, as the name is not applicable to the 
greater number of the veins, and as its use in the case of Quarry M 
might give rise to a misconception regarding the origin of the rock, 
I name the vein-rock generally by its two constant constituents. 
In the case of the extraordinary tourmaline-corundum rocks of 
Kinta, I resisted the temptation to inflict a new name on petro- 
logy, and have less difficulty in doing so now. Descriptive names 
embodying the main constituents, although sometimes clumsy, are 
greatly preferable to names based on localities which convey no 
further information about the rock; and, as regards the Gunong 
Bakau rocks, the main point is to avoid giving a false impression 
of their mode of origin by the misuse of existing terms. 

There is no question about the topaz-aplite having consolidated 
direct from the molten material. 

VI. Maematitc PROCESSES THAT MAY HAVE LED TO THE 

FoRMATION OF THE GuNONG Bakat ROCKS. 

Not the least interesting problem raised by the study of these 
rocks concerns the processes in the granitic magma to which their 

1¢*Die Zinnerzlagerstitten des Mount Bischoff in Tasmanien’ Zeitschr. 
Deutsch. Geol. Gesellsch. vol. li (1899) pp. 431-64. 

2 T am indebted to Mr. W. H. Twelvetrees, Government Geologist of Tas- 
mania, for information regarding this rock. 

3 See op. cit. pl. xxvii, fig. 2. 
4 Zirkel mentions the same rock, ‘ Petrographie’ 2nd ed. (1894) p, 124; 

Prof. A. Lacroix describes a granulite in the Haute-Vienne with quartz, 
lepidolite, albite, and topaz (‘ Minéralogie de la France & de ses Colonies ’ 
pt. i, pp. 62-64), A granulite with cassiterite, but no topaz, is described by 
Dr. L. L. Fermor (Rec. Geol. Surv. India, vol. xxxiii, 1906, pp. 235, 236). 
The double ase of the word granulite in petrology would make its employ- 
ment for the Gunong Bakau rocks objectionable, even if the quartz-topaz rock 
contained felspar. 
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formation may have been due. In the first place, there is a minor 
point that should be made clear. Gunong Bakau isa peak situated 

almost in the centre of the granitic Main Range of the Peninsula. 
There are other instances of tin-deposits not very far away simi- 
larly situated, and at first sight they all seem to contradict ex- 
perience elsewhere, namely, that tin-deposits are generally found 
on the periphery of a granite mass. This, however, is not the case. 
In three localities on the Main Range sedimentary rocks are known 
to cap the granite near the centre of the range. In one of these, 
quartzite and phyllites cap the highest peak in the whole chain, 
Gunong Riam, or Kerbau, in the Kinta District (altitude, 7160 
feet). There is, then, good reason to suppose that the present mdge 
of the range coincides approximately with the top of the original 
granite intrusion, and we can therefore regard Gunong Bakau as 
being near the vertical limit of the granite-mass. This preservation 
of the limits of the granite-mass is one of the factors that has 
endowed the Malay Peninsula with such enormous mineral wealth 
as compared with Cornwall, where the granite-masses have been 
planed down by denudation. 

The current theories postulating the intrusion of pegmatite and 
the formation of tin-deposits in a granite-mass by pneumatolytic 
action during the last stages of the consolidation of a granitic 
magma, are now so familiar as to need no exposition here. It is 
clear, however, that in the case of the rocks of Gunong Bakau 
there were magmatic processes in operation that differed from those 
which are believed to have generally taken place. 

The sequence of events in the mass now forming the peak of 
Gunong Bakau is clear. First, the porphyritic granite consoli- 
dated; then the quartz-topaz. veins were intruded; and then the 
topaz-aplite arrived. 

First, granite rich in felspar consolidated; then, a rock without 
any felspar was intruded into it; and then, another rock rich in 
felspar invaded the mass of granite. 

Therefore, before the last part of the magma capable of afford- 
ing felspar had consolidated, veins of a rock without any felspar 
at all were intruded. This is not what would be expected in the 
differentiation of a magma, and it is interesting to consider how it 
can have come about. | 

It cannot be proved that the topaz and tourmaline found in the 
granite are, even in part, original rock-constituents, but they may ~ 
be so. This, and the proved trace of lithia in the biotite make one 
suspect that, before the granite consolidated, fluorine, boron, and 
lithium were present throughout the mass in small quantities. As 
the last products of an acid magma are generally richer in these 
elements than the granite itself, we may suppose that a concen- 
tration of them takes place as solidification progresses. How this 
takes place and how the elements move in the magma we cannot 

tell, but they are probably combined with other elements and 
in the state of gas, and I think it is possible to account for the 
quartz-topaz veins by some such hypothesis as the following. 

. 
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Let us suppose that in the depths of the igneous mass there was 
a magma which, if undisturbed, would have. crystallized out as a 
rock composed chiefly of potash- felspar, quartz, ‘and a mica rich in 
iron. If this magma were invaded by a volume of gas as a huge 
bubble rising fam below, where it had collected nag a part of the 
magma on which it could not react, and if the gas were composed 
of fluorine partly combined with tin, together with boron and 
lithia in some form, then the molecules of ‘ nascent felspar’ etc., 
would be attacked, violently where the bubble rose, and_ less 
violently in its neighbourhood when the gases spread. They would 

be forced to rearrange themselves in combination with the attack- 
ing gases, and the heat generated would raise the temperature 
sufficiently to lead to an immediate ruption of this part of the 
magma into the consolidated granite above. As the molten mass 
rushed through the comparatively cool rock the molecules would 
begin to form crystals. The alumina of what had been nascent 
felspar-groups crystallizes out in combination with fluorine and 
silica to form topaz; the molecules that might have been mica 
without lithia crystallize as zinnwaldite and as tourmaline; the 
potash of what had been nascent felspar goes into both these 
minerals; and the tin crystallizes out as cassiterite. The base in 
which these minerals were formed was an excess of silica, and 
‘before this solidified as quartz there would be nothing to prevent 
some degree of segregation of the earlier-formed minerals.’ This 
will explain the abundance of zinnwaldite in Quarry M and its 
absence elsewhere except in the mica-patches. It also explains the 
irregular, sporadic distribution of cassiterite, and the absence of any 
fixed relation between the amount of cassiterite and that of topaz. 

The chemical reactions in the magma would certainly be more 
complicated than is indicated above, but the course of events 
sketched will suffice to show on what the hypothesis is based. It 
is hardly necessary to endeavour to work out complete formule for 
the magma, the gases that attacked it, and the resulting minerals. 

The reaction-borders of schorl-rock and greisen are easily ac- 
counted for by this hypothesis. They are the effect of the surplus 
gases entangled in the solidifying rock on the granite walls of the 
‘veins, and the total absence of felspar in the quartz-topaz rock is 
due to there having been an excess of these gases. 

Meanwhile, during the cooling of the quartz-topaz rock, the 
remainder of the magma was being acted upon slowly by the smaller 
quantities of gas that spread out from the bubble. There was not 

1 Without segregation one could not expect to have a rock very rich iu 
topaz. In the case of a pure orthoclase-magma, the percentage of alumina 
would be 18°4. Since in 100 parts of topaz there are 56°5 of alumina, with 
18°4 per cent. of alumina available only 32°6 per cent. could be formed if the 
magma were invaded by fluorine unaccompanied by more alumina. It is 
unlikely that the magma would be a pure orthoclase-magma, therefore the 
percentage of topaz possible would be lower than 32°6. In the case of greisen 
bordering a fissure-vein with distinct walls, I do not see how segregation of 
minerals could take place without the effacement of the walls of the fissure- 
vein. 
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enough fluorine to convert allthe nascent felspar into nascent topaz, 
but it seems that there was enough lithia to change the nascent iron- 
mica to nascent zinnwaldite. The chemical energy of the gases 
was practically expended in the magma; and so, when the mass rose 
to form the topaz-aplite, and, by segregation, the small quantity 
of its modification rich in zinnwaldite, it had no entangled gases to 
attack the porphyritic granite or the quartz-topaz veins, except im 
the possible cases of the schorl-rock bordering the pegmatite-vein 
mentioned earlier as coming off from the “aplite, the rich ore- 
bodies in Quarry H, and the similar ore- body in the Chinchong 
Valley. These ore-bodies must be admitted to constitute a diffi- 
culty in the hypothesis. It is possible that the aplitic magma in 
its upward course redissolved part of the quartz-topaz rock, or other 
consolidated parts of the magma containing tin-ore, and that the 
resulting gases formed the ore-bodies; but the non-occurrence of 
topaz in them is an objection to redissolved quartz-topaz — 
being the source of the rich tin-ore. 

VII. Summary. 

The main points of this paper may be summarized as follows :— 
Gunong Bakau is a peak 4426 feet high in the Main Range of 

the Malay Peninsula. It is composed of. porphyritic granite, into 
which have been intruded veins of quartz-topaz rock, and, at a 
later date, masses and veins of topaz-aplite. 

The quartz-topaz rock has quartz and topaz as constant con- 
stituents. Other important constituents, which, however, are not 
always found, are cassiterite, zinnwaldite rich in iron and sea 5 the 
axial figure of a uniaxial miner al, and tourmaline. ‘The zinnwaldite 
is only “known to occur in considerable quantity in one vein. LElse- 
where it is sometimes found forming patches in the quartz-topaz 
rock. 

The topaz-aplite contains a sma]] amount of cassiterite. 
Where the quartz-topaz veins cut the granite, a ‘reaction- 

border’ of schorl-rock, and in one case of greisen, is found. ‘These 
reaction-borders differ widely from the veins themselves. 

Evidence is given in detail, showing that the quartz-topaz vein- 
rock is not an alteration- product of a pre-existing rock, but was 
intruded as a quartz-topaz magma. 

Ore-bodies formed by pneumatolytic alteration of granitic rocks 
were once worked on Gunong Bakau, and they differed markedly 
from the quartz-topaz rock. 

It is belheved that the difference between the familiar pneumato- 
lytic products, schorl-rock and greisen on the one hand, and the 
quartz-topaz rock on the other, is that in the former case rocks 
that had consolidated on the edge of a granite-mass were altered 
by media coming from deeper parts of the mass; whereas in the 
latter an accumulation of similar media attacked part of the still 
molten magma deep down in the igneous mass, and the heat 
venerated by the reactions that took “place caused the portion of 
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the magma attacked to boil up and consolidate in the granite as 
an intrusive vein-rock. Segregation of the first-formed minerals 
during cooling led to the irregular distribution of the constituent 
minerals in the veins. 

Tam sid bisted to Dr. H. H. Thomas, Sec.G.8., for assistance in 
preparing the photomicrographs reproduced in Pl. LIT. | 

EXPLANATION OF PLATES LI & LII. 

Puate LI, 

Fig. 1. A quartz-topaz vein in Quarry C: note the flat top. (See p. 368.) 
2. Section in Quarry C, showing the reaction-border of schorl-rock. 

' Prats LIT. 

[ Microscope-sections of the Gunong Bakau rocks. The numerals refer 
to the numbers of the slides in the Author’s collection. | 

Fig. 1. Quartz-topaz rock.. Gunong Bakau. Slide No. 2312. Ordinary 
light. X19diams. The figure shows topaz with well-defined 
cleavage, and quartz, also a few scattered grains of cassiterite. 

2. Quartz-topaz rock. Quarry C, Gunong Bakau. Slide No. 2331. 
Ordinary light. x 9 diams. 

3. Quartz-topaz rock with zinnwaldite. Quarry M, Gunong Bakau. 
Slide No. 2335. Ordinary light. > 13 diams. 

4, Border of quartz-topaz rock with zinnwaldite. Gunong Bakan. 
Slide No. 24046. Ordinary light. x 15 diams. 

5. Topaz-aplite. Gunong Bakau. Slide No. 2397. Ordinary light.. 
x 13 diams. 

DISCUSSION. 

Dr. J. W. Evans remarked that it was a matter for congratu- 
lation that the head of the Geological Survey of the Federated 
Malay States had, as a member of the British Survey, worked for - 
some years in Cornwall, and so was well acquainted with the granites 
of that area and the pneumatolytic deposits associated with them. 
He was thus well equipped for dealing with the similar rocks. 
of the Malay Peninsula. No intrusive igneous rock, composed 
mainly of quartz and primary topaz, appeared to have been pre- 
viously recorded; but the specimens shown, and the mode of 
occurrence described by the Author, certainly made out a case that 
demanded very careful consideration. 

_ The Author claimed that the rocks described by him formed the 
summit of the granitic intrusion, and in that respect differed from 
the granitic exposures of Devon and Cornwall, which he said had 
been planed down. As a matter of fact the officers of the Geo- 
logical Survey had expressed the view that comparatively little 
had been removed from the surface of the Dartmoor Granite, and 
that opinion was widely held. 

The speaker thought that it was unwise to extend the term 
reaction-border, which had a very definite meaning, to the 
marginal phenomena described by the Author. 
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the magma attacked to boil up and consolidate in the granite as 
an intrusive vein-rock. Segregation of the first-formed minerals 
during cooling led to the irregular distribution of the constituent 
minerals in the veins. 

IT am indebted to Dr. H. H. Thomas, Sec.G.S., for assistance in 
preparing the photomicrographs reproduced in Pl. LIT. 

EXPLANATION OF PLATES LI & LI. 

Puate LI. 

Fig. 1. A quartz-topaz vein in Quarry C: note the flat top. (See p. 368.) 
2. Section in Quarry C, showing the reaction-border of schorl-rock. 

PLATE LIL. 

| Microscope-sections of the Gunong Bakau rocks. The numerals refer 
to the numbers of the slides in the Author's collection. 

Fig. 1. Quartz-topaz rock. Gunong Bakau. Slide No. 2312. Ordinary 
light. X19diams. The figure shows topaz with well-defined 
cleavage, and quartz, also a few scattered grains of cassiterite. 

2. Quartz-topaz rock. Quarry C, Gunong Bakau. Slide No. 2331. 
Ordinary light. x 9 diams. 

3. Quartz-topaz rock with zinnwaldite. Quarry M, Gunong Bakan. 
Slide No. 2835. Ordinary light. x 13 diams. 

4. Border of quartz-topaz rock with zinnwaldite. Gunong Bakau. 
Slide No. 24046. Ordinary light. x 15 diams. 

5. Topaz-aplite. Gunong Bakau. Slide No. 2397. Ordinary light. 
x 18 diams. 

DIscUSSION. 

Dr. J. W. Evans remarked that it was a matter for congratu- 
Jation that the head of the Geological Survey of the Federated 

Malay States had, as a member of the British Survey, worked for 
some years in Cornwall, and so was well acquainted with the granites 
of that area and the pneumatolytic deposits associated with them. 
He was thus well equipped for dealing with the similar rocks 
of the Malay Peninsula. No intrusive igneous rock, composed 
mainly of quartz and primary topaz, appeared to have been pre- 
viously recorded; but the specimens shown, and the mode of 
occurrence described by the Author, certainly made out a case that 
demanded very careful consideration. 

The Author claimed that the rocks described by him formed the 
suminit of the granitic intrusion, and in that respect differed from 
the granitic exposures of Devon and Cornwall, which he said bad 
bee planed down. As a matter of fact, the officers of the Geo- 
logical Survey had expressed the view that comparatively little 
had been removed from the surface of the Dartmoor Granite, and 
that opinion was widely held. 

The speaker thought that it was unwise to extend the term 
reaction-border, which had a very definite meaning, to the 
marginal phenomena described by the Author. 

Q. J.G.S. No. 280. 
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|. Generar GEoLoeyY. : 

Tue North Head of Otago Harbour is situated in lat. 45° 47’ 30” S. 
and in 170° 45’ long. E. Itis 13 miles distant from the city of 
Dunedin, in a north-easterly direction. 'The head is a precipitous 
cliff facing nearly due east in its southern portion ; but, bending 

slightly westwards in its northern portion, it runs from south 
15° east to north 15° west, and therefore in this portion faces 15° 
to the north of east. | | 
The cliff has an altitude of 530 feet at its highest point almost. 

in the middle of the section, and throughout its length it is more 
than 300 feet high, except at the southern end, where it slopes 
somewhat gradually to the sand-hills which skirt its base. The 
lower part of the southern end of the cliff is partly obscured by 
scree-slopes and blown sand, and for 200 yards from its northern 
extremity the lower part of the cliff is hidden beneath an immense 
slip. . Elsewhere, for a length of a mile and a half, the cliff presents 
a surface that is almost perpendicular, and it thus affords a remark- 
ably clear section nearly bare of vegetation and quite free from 
all those: difficulties. of interpretation that are always associated 
with folding and faulting. This cliff was briefly mentioned in a 
previous paper of mine, published in the Quarterly Journal of this 
Society in 1906 (vol. Ixi, p. 417). In this description the general 

nature of the succession was indicated. The lava-flows exposed in 
the clear section include a trachyte, three trachytoid phonolites, 
one kaiwekite, two trachydolerites, and numerous basalts. It is, 
therefore, evident that a complete examination of the different 
lavas might be expected to throw a considerable and perhaps 
important light upon the causes which promote those differences 
that are sometimes found in the succession of lavas that issue from 
a single volcano, or at least in the same volcanic district. ’ 

In the first place, evidence was sought with the object of ascer- 
taining whether the various lavas which are exposed in the cliff 

ee ee 
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were the products of the activity of a single voleano. Some diffi- 
culty was experienced in coming to a conclusion on this point, 
since all the outward signs of volcanic action have now been 
destroyed by subaérial erosion, and therefore the surface-features 
that exist do not indicate the point from which the lavas were 
emitted. . | 

Internal evidence also was sought in the dip of the various flows 
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of lava and in the extent to which they suffered from erosion 
during the intervals between the different periods of activity. The 
dip or slope of the lavas was found to be remarkably uniform. 

The amount of dip is 14°6°, and is directed 20° south of east. The 

rise is thus 1 in 4, a little to the north of west. This rise is in 

the direction of the high country (1600 feet) near Mihiwaka and 

Mopanui; but it is considerably steeper than the actual average 

rise of the country in the same direction. 
2D2 
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In general, the thickness of each lava-flow is fairly constant. It 
is certainly constant enough to warrant the conclusion that all the 
different streams of lava flowed down the same slope, and pre- 
sumably, therefore, they were emitted from the same orifice. In — 
every case a scoria-bed of some thickness covers the lava. The 
material of the scoria is moderately coarse, as a rule, although that 
which overlies the lowest phonolite is much finer than the rest. 
The general coarseness necessarily indicates that the centre of 
voleanic activity was not far away from the section displayed, and 
this is true of all the different types of lava, except the trachy- 
dolerite No. 21, which, as will be shown later, does not extend over 
the length of the section. Only one distinct dyke is to be seen, 
and it is formed of basalt. This dyke is situated at that part of 
the cliff where the middle flow of phonolite rises to the summit, 
and it extends to the top of the cliff at this point. 

The lava-flows appear to have suffered only to a slight extent 
from denudation, and, with the exception of the middle phonolite, 
the surface of each flow seems to have undergone very little 
denudation before the succeeding flow of lava covered it. Beneath 
the thick flow of basalt (21) is a boulder-bed, which, of course, 
varies greatly in thickness. It generally consists in the main of 
pebbles and boulders of phonolite, evidently derived from the 
middle flow (14): which flow, in the exposed section, 1s covered by — 
six other intermediate flows of basalt. This appears to indicate 
that a considerable time elapsed between the outflow of basalts 
20 & 21; though it must be allowed that on a volcanic slope 
each lava does not necessarily cover the whole surface, and 
at certain points where a particular lava-flow became heaped up it 
may not have been concealed until many succeeding lavas had issued. 

All these volcanic rocks are younger than the Miocene, for they 
rest upon sediments of this age near Dunedin. 

A detailed examination of the cliff showed that no rock can 
actually be seen beneath the trachyte. The cliff at this pomt—in 
the extreme south—is low, at a considerable distance from the sea- 
beach, and is here covered with a growth of vegetation which to 
some extent obscures the section: consequently, it is difficult to 
form any certain conclusions about the relations of some of the 
rocks one to the other. It appears to me, however, that an error 
was made in my previous paper, in the statement that a flow of 
basalt occurs beneath the trachyte.’ 

Above the trachyte is a bed of tuff, varying from 10 to — 
60 feet in thickness. This is followed by a flow of phonolite, 
which is also of very variable thickness: at the southernmost 
exposure it is about 50 feet thick, and is divided in the middle by 
a bed of scoria 12 feet thick. Farther north, at the extreme 
left of fig. 2 (p. 885), where the section becomes continuous, there 
is but one flow of phonolite. and its thickness is only 10 feet. 
Above this phonolite is a conspicuous bed of white tuff 8 feet thick, 
but thinning out northwards. Upon this follow nine flows of 

1 Q. J. G. S. vol, xii (1906) p. 418. 
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basalt, each of these being separated from those above and below it — 
by a bed of scoria, which is in nearly all cases thicker than the 
actual. lava. The upper and lower surfaces of the lavas are highly 
irregular, and the thickness of each flow is extremely variable. 
The scoria is rather loose, much oxidized, and is in most cases 
dark red, thus indicating that the eruptions were subaérial. 

Resting on the basalts is a flow of a peculiar lava about 30 feet 
thick, with somewhat regular horizontal joints. The rock is 
highly porphyritic, contains big crystals of hornblende and felspar, 
with smaller ones of augite, and is covered by a thick but very 
irregular scoria-bed. The porphyritic lava is followed by a thick 
flow of phonolite, of the type described in my previous paper as the 
Logan Point Phonolite (it contains much nepheline and cossyrite). 
Scoria again covers the phonolite to a depth of 50 feet on the 
average. 

There is then another succession of basalt-flows, this time eight 
in number, and, as before, relatively thin and separated by thick 
red beds of scoria. The lowest of these basalts is a bigger flow 
than the rest, with the exception of the seventh, which is also of 
great size. In my previous paper on this section I represented 
a trachydolerite, then called a basanite-lava, as situated below this | 
large flow of basalt. More careful observation, however, showed 
that the trachydolerite does not occur in, the actual face of the 
cliff, although it is present beneath this identical basalt a little 
farther north at Hayward’s Point. It is, therefore, correet to 
place the trachydolerite at this place in the series of lavas, for it is 
obviously absurd to suppose that each of the lavas that issue from a 
volcano would flow over all parts of the slopes of the mountain. — 
It is, in fact, probable that the series of lavas shown in the face 
of the cliff by no means represents the complete succession of lavas 
that issued from the volcano, although the series certainly does 
represent the nature of the lava that was emitted at successive 
periods of the activity of the volcano. 

Two flows of basalt follow the trachydolerite, and then occurs 
another porphyritic rock, which in some respects resembles the 
earlier one. As before, this porphyritic type is sueceeded by a 
phonolite, which this time contains no cossyrite and very little 
nepheline ; while porphyritic crystals of felspar impart to it a less 
dense appearance than that of the other flows of phonolite. 

The actual succession of the lavas is as follows, from above 
downwards :— 

Thickness in feet. 
25. Trachytoid phonolite ...................4. artes ee 

bh] Se Pee Tete I 5 15 
a%,. Trachydolerite, .¢.)...05.35. ot ee 20 

EME «x Pas nono skk oo ee eee 
23. Basalt 

6 
5 
8 

2a. Basalt: >). >: iv. tent ieee alee ae 40 

2 
6 Tuft 
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Thickness in feet. 

21. Trachydolerite as shown 400 yards west. 30 
Re ee Te ae, 6 

ge aa ee ik 10 
Po a eS es a A 5 

rite) he MS. ee tee 8 

Re een ree ea ly ee 4 
PS ose OS er 9 

Ly. Basalic = WRG Oo a ee 7 

oo A Geet Si aa 8 
Rie tee oti ae Pin td eee A hs os 5 NGO? 5 

a (i) pet ee ise Meta, 12 

Was ee en ee Sa oS 25 
JP ONE ey aye ae Gel 50 

14. ‘Logan’s Point’ Phonolite ............... 120 
De re oo i i 10 

1 ey Fe aa on tn a de rr 39 

LISTE PRT eet Do i Se are 20 

ES ee One ty 2 Res RS 8 
ah is, 2 RE aS a 20 

eaeAG Tete phe Poe ee, 6 

oT oe ES 18 
Co EE led Oe ea ee 10 

- Tuff 4 

SS ESS CAR Ut LU A 10 

Nai Aha’ OS ee 10 

ie lane Tae eh ee ee TS 20 
STB eS GS 1 i 15 

7. Basalt ...... ins ee ee ee eee 14 
erase) oe yn ey 6 

Cpe eter 2. eS Sh eee oe 9 
JT ets, eNO ee ET 15 

een Pamela Sek te ee ih ay See a) 
2 Lay. SET es ERS cg ae ae 10 

Abela de ek cl et ee | Pye 
cin fo ead ay SN coe 2 ee 10 

Cane: ET | eee na 2 te ek a 10 

Yiu eee Gel (ak a a 8 
Py OMAR Pe it Lie eR UT eee re, 20 

eA Sie haa 60 

ee oe a 30 

In this series the lavas have a total thickness of 422 feet, and of 
this the basalts are represented by 192 feet, the phonolites by 180 
feet, and the porphyritic rock (which is of the same nature as the 
kaiwekite of my former paper) accounts for a thickness of 50 feet 
of rock only. As already stated, the amount of the rocks in the 
section cannot reasonably be taken as an indication of the relative 
quantity of the different types of lava that actually issued from 
the crater of the voleano, for the section is merely composed of 
those lavas that happened to flow down one of the sides of the cone. 
It does, however, appear that the basic lavas are in this instance 
much thinner than those that have a more acid and alkaline 
character. In all cases the great thickness of the tuffs and scorias 
clearly indicates that the orifice from which the lavas issued was 
comparatively close to the locality where the section is exposed. 
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Il. PETROGRAPHY. 

Since the series of lavas is shown so clearly that there can be no 
doubt whatever of the order of emission, it has been considered 
advisable to give a brief description of the petrographical charac- 
ters of every member of the series. In these descriptions the 
relative quantities of the different minerals in the rocks have been 
gauged by Rosiwal’s method. 

(25) Highest phonolite——A few iregular, partly corroded 
erystals of anorthoclase with many minute “inclusions of eegirine- 
augite. The crystals measure 4x2 mm. Rarely idiomorphie 
crystals of egirine-augite measuring *8 x “15 mm. occur. 

Ground-mass : irregular anorthoclase-microlites form about 70 
per cent. of the total, and allotriomorphic grains of egirine-augite 
about 20 per cent. There is a small quantity of allotriomorphie 
nepheline. 

(24) Trachydolerite (called ‘St. Leonard’s Phonolite’ by me 
in 1906).—Occasional phenocrysts of hornblende, sometimes very 
large, but usually measuring 3x1°5 mm., and always having 
a resorption-border of varying thickness. Strongly pleochraic ; 
a pale yellow, 3 dark reddish-brown, y dark yellow-brown. The 
hornblende often includes small augites. Augite-phenocrysts pale 
pink, 3x1 mm., often with inclusions of the ground-mass and of 
large magnetites. Slightly pleochroic. Occasionally the augite has 
grown round the hornblende, but in such cases it has a greenish 
tint. Both the augite and the hornblende are twinned somewhat 
rarely. Felspar-phenocrysts are common, mainly oligoclase, but 
there is some anorthoclase. 

Ground-mass: felspar-laths with a rough parallel arrangement, 
15 x 008 mm., of simply-twinned oligoclase constitute 68 per cent. ; 
augite 32, and magnetite 5 per cent of the whole. 

(23) Basalt.—Some glomeroporphyritic patches 5 mm. in dia- 
meter, mainly oligoclase with a little brownish-green augite. A 
few crystals of anorthoclase, much corroded ; olivine-grains few, 
corroded, generally stained with limonite, ‘5 mm. in. diameter. 
Augite-crystals measuring 1°5x°5 mm., idiomorphic, pale brown, 
faintly pleochroic. In one crystal good hour-glass structure is 
shown. 

Ground-mass: labradorite measuring *3x-05 mm., including 
capillary microlites of augite; olivine infrequent, in rounded 
grains stained with limonite: augite idiomorphic, pale green, 
‘O01 x 006 mm.; magnetite abundant. 

(22). Basalt.—Labradorite- phenoery sts fairly abundant, 2 x -7 
mm. ; brown augite, pleochroic, 5 x 3 mm.; a few rounded olivines, 
5 mm. 
Ground-mass: indistinct flow-structure; labradorite, 15 x ‘03mm., 

57 per cent. ; pale-green augite, ‘02 x 008 mim., 34 per cent. ; mag- 
netite, ‘O01 mm., 9 per cent. 
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(21) Trachydolerite (called ‘basanite’ by me in 1906).— 
Large phenocrysts of nepheline and of sodalite are fairly abundant, 
and the rock thus has a coarse porphyritic habit. These crystals 
are surrounded by a zone of secondary minerals, chiefly calcite and 
natrolite. Small crystals of zgirine measuring in longest diameter 
3mm. Some grains of olivine, ‘7 mm. in diameter, altered into 
serpentine and calcite. 

Ground-mass very fine-grained. Microlites of egirine-augite form 
the most striking constituent. They contain grains of magnetite, 
and in many instances when they are irregular in shape they have 
been clearly derived from the resorption of hornblende. The clear 
mineral has-no definite form, and is for the most part nepheline, 
though a few microlites of felspar can be distinguished. A con- 
siderable quantity of magnetite occurs in minute grains. Occasional 
erystals of brown apatite. Nepheline 40 per cent.; felspar 16 per 
cent.; «girine-augite 37 per cent. ; magnetite 7 per cent. 

(20) Basalt.—Labradorite-phenocrysts fairly abundant, 2 x °7 
mm.; augite brown and slightly pleochroic, 5x3 mm.; a few 
rounded olivines, °5 mm. 

<Ground-mass: indistinct flow-structure; labradorite,-15 x ‘03mm., 
62 per cent.; pale-green augite, ‘02 x-005 mm., 31 per cent. ; 
magnetite, ‘Ol mm., 7 per cent. 

(19) Basalt.—Small glomeroporphyritic patch of felspar and 
greenish augite, but no true phenocrysts. 

Ground-mass: labradorite-laths, 3°08 mm., 55 per cent. ; 
augite, ‘8 x ‘03 mm., 45 per cent. ; magnetite, ‘04 mm., 10 per cent. ; 
a very few small olivines. 

~ (18) Basalt.—Large patch of labradorite-crystals, 5 mm. ; also 
single crystals, 155x°5 mm. One large crystal of anorthoclase, 
25 mm.; pale brownish-green augite, twinned, not pleochroic, 
‘1 x 05 mm. ; olivine, 1 x ‘05 mm. 

Ground-mass: labradorite, ‘OS x 02 mm., 67 per cent.; pale- 
green augite-microlites, ‘05 x 02 mm., 19 per cent. ; olivine rounded, 
‘05 mm., 4 per cent. ; magnetite ‘02 mm., 10 per cent. 

(17) Basalt.—Glomeroporphyritic aggregates of acid labra- 
dorite, 6 mm. Corroded crystals of anorthoclase, 2x°3 mm. 
Brownish-green pleochroic augite, poorly zoned: includes small 
pieces of olivine, sometimes twinned. Olivine small, infrequent. 

Ground-mass : acid labradorite, ‘08 x ‘02 mm., 70 per cent. ; pale- 
green augite-microlites, ‘05 x ‘02 mm., 16 percent. ; olivine,03 mm., 
4 per cent. ; magnetite, ‘02 mm., 10 per cent. 

(16) Basalt.—Phenocrysts of labradorite, 3°5 x 1°5 mm., con- 
taining many inclusions of magnetite and of augite, in which the 
hour-glass structure can be seen; greenish-brown augite, showing 
very distinct zonal structure. Very little olivine. 

Ground-mass: labradorite, -4 x 04 mm., 42 per cent.; augite,. 
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pale-green microlites, ‘04°01 mm., 39 per cent.; magnetite, 
-025 mm., 14 per cent. 

(15) Basalt.—There is a patch of oligoclase-crystals 5 mm. in 
diameter; augite-crystals rather infrequent; olivine practically 
absent. 

Ground-mass: microlites of oligoclase-andesine constitute 55 
per cent.: they measure 4°07 mm. Pale-green granular augite, 
“04 x 012 mm., forms 34 per ‘cent., and magnetite-crystals, ‘012 in 
diameter, make up the balance of 11 per cent. There is a con- 
siderable quantity of bright-green serpentine and a small quantity 
of a reddish-brown, strongly pleochroic hornblende, which occurs 
interstitially, and may be original. 

(14) Phonolite.—No phenocrysts. Felspar and _ nepheline 
appear to be present in about equal quantity. The felspar is 
sanidine in rather small microlites, -2x-03 mm. The nepheline 
occurs in small rectangles, and is quite fresh. Hach of these minerals 
constitutes about 25 per cent. of the rock. Mgirine-augite of a 
granular nature forms 24 per cent., and cossyrite the remaining 
18 per cent. There is a little magnetite and apatite. The cossy- 
rite occurs in mossy growths. 

(18) Kaiwekite.—Large crystals of anorthoclase measuring 
5x2 mm. are fairly numerous. They are usually corroded, and 
contain a large number of inclusions, mostly egirme. Augite- 
crystals are mostly of the violet titaniferous variety, showing dis- 
tinct pleochroism. Usually they havea greenish border of zgirine- 
augite, which contains a large quantity of magnetite. In the case 
of one crystal 1 mm. wide the green border is (08 mm. wide. 
Hornblende in hand-specimens very large, but in sections only 
small erystals have been intersected. It is a dark-brown variety, 
probably barkevikite, has a wide resorption-border, and occasionally 
encloses purple augite. Olivine rather frequent, 1 x-5 mm., and 
very much corroded. ; 

Ground-mass : small microlites of felspar (probably oligoclase) 
constitute about 80 per cent. They measure ‘02x ‘001 mm. 
Small, short augite-crystals of irregular size make up 15 per cent., 
and the remaining 5 per cent. consists of magnetite. Short broad 
crystals of brown augite are common. 

(12) Basalt.—Phenocrysts of acid labradorite are common, 
measuring 151mm. Augite-crystals infrequent, brown, 1°7 x 
12mm. Olivine scarce, *3 mm. 

Ground-mass : acid labradorite, ‘2 x ‘04: mm., 55 per cent. ; pale- 
green augite, 08 x02 mm., 28 per cent.; magnetite -02 mm., 
17 per cent. | 

(11) Basalt.—Felspar-phenocrysts of labradorite small, 1-5 x 
1 mm. Augite-crystals much larger than those of the other 

se 

: 
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minerals, but infrequent, 1°7x1:2 mm. Olivine rather frequent, 
idiomorphic, 1 mm. 
~Ground-mass: labradorite-microlites, *1 x ‘O01 mm., 6 per cent. ; 

pale-green augite, ‘O08 x ‘04 mm., 25 per ceut.; magnetite, ‘04 mm., 
© per cent. 

(10) Basalt.—Phenocrysts of labradorite, few, 5x1 mm. ; 
augite more abundant, brown, 1x1 mm.; olivine, sometimes 
idiomorphiec, 1 x *S mm. 

Ground-mass: acid labradorite, -15x:O8 mm., 57 per cent. ; 
pale-green augite, ‘04 x ‘O01 mm., 28 per cent. ; magnetite, ‘032 mm., 
15 per cent. 

(9) eget ec oe p enocrysts not eee. small, 
1x05 mm.; augite, a few brown crystals, 1 x°5 mm.; olivine 

serpentinized, in ronan grains measuring *5 mm. in dianactor: 
Ground-mass: labradorite, °3 x -°03 mm., 54: per cent.; augite, 

‘03 x 05 mm., 33 per cent.; magnetite, 05 mm., 13 per cent. 
A few crystals of brown apatite. 

{8) Basalt.—Phenocrysts few, mainly labradorite, °8 x “4 mm. 
Ground-mass : labradorite, -16 x ‘02 mm., 47 per cent.; augite 

very pale green, rounded or short crystals, ‘O01 x ‘O06 mm., 35 per 
cent. ; magnetite 004 mm., 14 per cent.; some rounded grains of 
olivine, 5 per cent. 

(7) Basalt.—No phenocrysts. 
Ground-mass: labradorite, -3x°02 mm., 48 per cent.; pale- 

green augite, 025 x 006 mm., 36 per cent.; magnetite, ‘006 mm., 
16 per cent. ; olivine idiomorphic, rather sparingly present. 

(6) Basalt.—Felspar-phenocrysts almost absent; augite fre- 
quent, 3X2 mm., well zoned, sometimes exhibiting hour- glass 
structure and twinned ; olivine abundant, 2x1 mm. 

Ground-mass: labradorite-laths -12 02 - mm..:G0 per cenins 
pale-g green augite, ‘08 x-01 mm., ‘15 per cent.; olivine, rounded 
grains, ‘04 mm., 10 per cent. ; ; magnetite, ‘O4 mm., 15 per cent. 

(5) Basalt. — Phenocrysts of oligoclase and anorthoclase, 
‘4x3 mm.; augite brown, with occasionally a greenish centre, 
3x 1 mm.—a tendency to hour-glass structure is fairly frequent; 
olivine very scarce and in small grains, “°2 mm.; perofskite occurs 
in distinct crystals, measuring 1 mm. 

Ground-mass: acid-labradorite, ‘8 x ‘005 mm., 68 per cent. ; 
pale-green augite, ‘04-008 mm., 21 per cent.; magnetite and 
perotskite, ‘O08 mm., 11 per cent. 

(4) Basalt.—Felspar- phenocrysts, apparently belonging to anor- 
thoclase, oligoclase, and labradorite, °5 x 2 mm. ; brow n augite, 
shightly pleochroic, sometimes twinned, 1x°5 mm.;_ olivine 
roundish, much oxidized, 1 mm. ; 
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Ground-mass: labradorite-microlites measuring ‘18 x ‘015 mm., 
76 per cent.; augite, -12x-02 mm., 10 per cent. ; magnetite, 
‘012 mm., 14 per cent. 

(3) Basalt.—Anorthoclase-phenocrysts, 5 mm. long, with much . 
included matter, especially augite, which may be in micrographic 
intergrowth, ead some oligoclase, which may be zoned; augite 
greenish, especially in the centre, slightly violet, with some pleo- 

_ chroism, sharply idiomorphic, 1 mm. long, but not abundant; 
olivine-grains, usually rounded, 1 mm. in diameter, not abundant. 

Ground-mass : labradorite-microlites measurmg *2x°02 mm., 

62 per cent.; augite, -008 x-001 mm., 29 per cent.; magnetite, 
‘008 mm., 9 per cent. 

(2) Phonolite. — No phenocrysts ; _ sanidine - microlites, 
‘2x01 mm., 64 per cent.; egirine-augite, 43° extinction, 
‘26 x02 mm., 21 per cent.; magnetite, 02 x 05 mm., 5 per cent. 
The structure of the microlites of sanidine and egirine-augite 1s 
interwoven. 

(1) Trachyte.—Anorthoclase-phenocrysts, abundant, 5 mm. 
long. 

Ground-mass almost solely composed of anorthoclase-microlites, 
‘26 x 06 mm.; a little magnetite. Structure trachytoid. 

Summary of Petrographical l’eatures. 

These short descriptions of the structure and the mineral compo- 
sition of the rocks of this series may be briefly summarized as 
follows :— 

The lowest lava is entirely composed of anorthoclase. It is 
succeeded by a phonolite in which sanidine is the predominant 
mineral, although egirine-augite and magnetite attain some im- 
portance. A series of basalts follows. The lower of these contain 
conspicuous, much-corroded xenocrysts of anorthoclase. The fifth 
of these basalts (No. 6) is especially basic, and in particular contains - 
much more olivine than any other rock in the whole series. 

This series of ten basalts is succeeded by a lava of a wholly 
different type, belonging to the class that I have previously termed 
kaiwekite (No. 13). It has a coarsely porphyritic structure, and 
hornblende of a barkevikitic type forms the largest crystals in it. 
The crystals of this mineral are deeply resorbed, and were evidently 
formed under conditions that were wholly different from those 
under which extrusion of the lava took place. The augite, too, is 
widely different from that of the basalts, for it has distinctly the 
violet tinge associated with the presence of titanium ; while it shows 
at times a small border of egirine. The felspar -phenocrysts also 
include anorthoclase as well as labradorite. 
There is a sudden transition from this to the next lava, which 

contains no phenocrysts, while the minerals of the ground-mass are 
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nearly all different from those of the previous lava. The felspar is 
sanidine, the pyroxene is egirine, the amphibole is cossyrite, and 
there is also an abundance of nepheline. 

There is again a succession of several basalts, the lowest of 
which is, however, distinctly less basic than the rest. After six 
basalt-flows another complete change recurs, and a trachydolerite 
is encountered. In this are large phenocrysts of nepheline 
-and sodalite, and very little felspar, which is entirely restricted 
to the ground-mass. There is much indication of the former 
presence of hornblende, which has been entirely resorbed, and the 
pyroxene is zgirine-augite. 

Again, there are two more basalts, one of which is an exception- 
ally large flow, and a trachydolerite is then again found. In this 
rock there is a little anorthoclase and an abundance of small crystals 
of barkevikite, although they still show conspicuous resorption and 
have the same intimate relation with the violet-tinted pyroxene. 
Finally, there is another phonolite, but in this case it contains a 
few: crystals of anorthoclase. 

The order of succession, which is so conspicuous here, is found to 
be not infrequent elsewhere in the neighbourhood. Thus, on the 
west side of Wickliffe Bay, at the See House and at Long Beach, 
there is a similar succession from an intermediate rock, with very 
large crystals of hornblende, followed by a dense phonolite and 
afterwards by a basalt. | 

III. CHemican CoMPosttrion. 

The actual composition of each of the rocks is shown in the 
accompanying table (pp. 394-95). The following statement 
emphasizes those points that appear to call for special notice. 

The lowest rock, a trachyte, is practically wanting in lime and 
magnesia, and contains little iron. The second lava, a phonolite, 
shows a distinct advance in those constituents, but is still somewhat 
deficient in them. ‘The basalts, as a whole, are low in magnesia 
and above the average in alkalies, though No. 6 is an exception 
and is distinctly the most basic rock of the whole series. In the 
kaiwekite (No. 13) the alkalies advance very distinctly, with a 
corresponding increase in silica and decrease in lime and magnesia, 
These features are still more marked in the succeeding phonolite 
in fact, chemically the kaiwekite is simply a connecting-lnk 
between the basalts and the phonolite. This phonolite is the most 
alkaline rock of the whole series. 

The basalt (No. 15) which succeeds the phonolite is distinctly 
- less basic than the rest of the basalts, and in some measure marks 
a transition between the alkaline and the basic rocks. The rest of 
the basalts are, as a whole, a little. higher in alumina and lower in 
lime than those that lie beneath the middle phonolite. 

The trachydolerite (No. 21) is comparable with the kaiwekite, 
although the soda and alumina are somewhat higher and the silica 
distinctly lower, as would ‘be expected from the presence of 
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CHEMICAL COMPOSITION OF THE LAVAS OF 
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These analyses have been recalculated to 100 after subtraction of the 

disturbing factor when comparing these analyses. The loss 

4°00} 4°20 | 5°38 542 | 6°61 | | 120 #68] £00 oor 5°21 532| 672 

abundant nepheline in such a rock. The two succeeding basalts 
exhibit no marked characteristics, and No. 24 is, again, a rock 
that chemically, at least, is a connecting-link and may perhaps be 
best called a trachydolerite, as it is much higher in alumina and 
lower in silica than the kaiwekite (No. 13). The final phonolite — 
is comparable with No. 2, and like it is distinctly less alkaline 
than No. 14, which contains a large quantity of nepheline and 
enigmatite. | | 

In order to facilitate a comparison between the different rocks, 
two curves have been prepared (Pls. LIJIT & LIV). In both of 
these the abscissee merely indicate the position of the rock in the 
series of lavas. In Pl. LIII the ordinates represent the molecular 
proportions in which the various constituents are present in the 
rocks. The diagram brings into prominence these two facts :— 

(1) The fourfold alkaline development in the series, and (2) the conspicuous 
extent to which Nos. 13 and 24 are intermediate between the phonolites and 
basalts in composition. 
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Pl. LIV shows the proportions of the amounts of the various 
oxides contained in the rocks to that of silica, reduced to per- 
centages of the amount of silica. This mainly accentuates the 
curves plotted in the previous diagram (Pl. LIII). In both of 
these the analyses have been recalculated to a total of 100, after 
the amount of water had been subtracted from the sum. 

All the analyses were calculated according to the chemico- 
mineralogical scheme of American authors. This classification, 

- however, does not appear to throw any fresh light on the relation- 
ships of the various rocks. The basalts, in particular, are very near 
the boundary between Class I] and Class III. Nearly all the 
basalts in the lower part of the series belong to the auvergnose sub- 
rang, while those in the upper half for the most part belong to the 
hessose. Nos. 15, 15, and 24 are andose, while the phonolites 

' 14 and 25 are essexose. 
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IV. CLASSIFICATION OF THE Rocks. 

The great majority of these rocks fall readily into well-known 
and generally recognized groups. Thus the lowest rock is a 
trachyte, obviously an effusive representative of the bostonites. 
A similar rock from Portobello in this district has been described 
in the following words by Rosenbusch : 

‘ Hin reiner Sanidintrachyt ohne femische Gemengtheile mit Hinsprenglingen 
von Sanidin in trachytischer Grundmasse aus Sanidinleistchen.’! 

In every case in which an analysis of this rock has been made 
there is so high a percentage of soda, that the felspar can hardly be 
anything else than anorthoclase, or, at any rate, soda-orthoclase—a 
conclusion which is supported by the microscopical examination of 
my preparations. * 

Two of the phonolites (No. 2 & No. 25) belong distinctly to 
the trachytoid type, and contain very little nepheline. The third, 
No. 14, has a considerable quay of nepheline, and is almost 
nephelinitoid ; in structure. 

The basalts, too, call for no special remarks, except that they 
occasionally have some anorthoclase-crystals, which are in all cases 
much corroded. : 

The three lavas, of which No. 13 is classed as a kaiwekite and 
the other two (No. 21 & No. 24) are classed as trachydolerites, 
demand special consideration. ‘The name kaiwekite was first 
used by me in 1906.2. The characters there stated for that type 
of rock are the following :— 

(1) The abundance of anorthoclase and of various felspathic intergrowths. 
(2) The very frequent square and isometric sections of felspar in the 
ground-mass. (3) The comparative absence of coloured rock - forming 
minerals. (4) The frequent occurrence of pyroxene, with a brown centre - 
and an #girine margin, and of serpentine-pseudomorphs after olivine. 

On the same page it is also stated that the late Prof. Rosen- 
busch, after kindly examining sections of the rock, informed 
me (7 litt.’ that the rock is mineralogically the equivalent of 
the rhomb- -porphyries, and is the volcanic representative of the 
plutonic laurvikites. The rock here classed as kaiwekite has 
rather more coloured constituents than the specimens seen by 
Rosenbusch, but the chemical composition of the rock is so 
closely similar to that of laurvikite that the suggestion made by 
him must be adopted. Kaiwekite is included “by him among 
the pantelleritic trachytes. Another shghtly more basic type 
is said to lie between the Ponza and the Drachenfels types of 
trachyte.® 

An actual specimen of No. 24, and another rock allied to it, 
found in the Leith Valley, Dunedin, and previously classed by 
me as andesite, was by Rosenbusch stated in MS. to be a 

1 ¢Mikroskopische Physiogarphie der Mineralien & QG>*steine: vol. ii, 
Massige Gesteine ’ 4th ed. (1908) pt. 2, p. 927. 

> Q.J.G.S8. vol. lxii (1906) p. 400 & pl. xxxix, fig. 2. 
3H. Rosenbusch, loc. supra cit. 
4Q.J.G.58. vol. Ixii (1906) p. 408. 
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trachydolerite of the Siebengebirge type. The following analyses 
enable us to make a comparison between these rocks and’ other 
related types :— 

| | | . | 
roy er eerk || TY | Vi | Nie bs VERO Vat 

SS a a een 

[SR aaa 5685 54-48 50°50 49°46 (49°20 | 51-86 53° . | 59°22 
eee ae Sot O40 | 1-42 oe EARS a. 
MID, Pron Shee. 21-56 14°71 17°64 20°46 (17-40 19°87 20: 48 | 13:59 
CO ee 3-44 | 568 B41 5°72 1 00 | 630] 5-13 | 5°55 
(8 Siegen eae 14 | 8-02) 402° 4-62.)669'| 311) 1:50 | 4:08] 
PMs oe 5.5... O85) |) 240 44S3 | 1°68 | 32-31 | 2:33; 1-88 | 1°66) 
a ee | 5°26} 5°60 || 7:91 | 5:40-] x 377 4:29! 518] 
Sea ' G07 +8613.) 5:52 | 5-81] 6-78! G20) 6-20; 5°31! 
ae ee | 366} 3-28 302 276 | 3:56, 4:88 4:88 | . 4:64] 
| Loss on | . . a ) ) 
| ignition .....| 0°52 | 3°78 0-45 272) 4-40 1-99) 2-25 | 1:25) 

| Totals.!. 99°35 99°98 99°71 99°03 | 99°31 | 100°31, 99-98 | 100-38) , 
} . r ; ea a ‘ieee pint Teg 

I. Laurvikite. Tinsberg (Norway). H. Rosenbusch, ‘Elemente der 
Gesteinslehre’ 2nd ed. (1901) p. 114. No. 11. 

II. Kaiwekite. Otago North Head, Dunedin (N.Z.). No. 15. 
III. Essexite. Rongstock (Bohemia). H.Rosenbusch, op. cit. p.177. No.3. 
IV. Trachydolerite. Otago North Head, Dunedin (N.Z.). No. 24. 
VY. Trachydolerite. Otago North Head, Dunedin (N.Z.). No. 21. 

VI. Trachydolerite. Leith Valley, Dunedin (N.Z.). Q.J.G.S. vol. Ixii 
(1906) p. 407 

VII. Trachydolerite. Bauza (Spain). H. Rosenbusch, ‘Elemente der 
Gesteinslehre’* 2nd ed. (1901) p. 355. No. 3a. 

VIII. Andesite. Siebengebirge. H. Rosenbusch, ibid. p. 306. No. 5. 

The relation of No. 13 to the laurvikite is quite marked, except 
in the low percentage of alumina, which is explained by the greater 
abundance of femic minerals. The kaiwekite in this series is richer 
in these substances than the St. Leonard’s rock that was submitted 
to Rosenbusch. 

No. 21 & No. 24, on the other hand, are undoubtedly trachy- 
dolerites, although the mineralogical differences between them are 
considerable. ‘These differences are partly due to the complete 
resorption of the hornblende in No. 21. The relatively high per- 
centage of the alkalies in that rock accounts for the minerals nephe- 
line and sodalite, which are absent from No. 24... On the other hand, 
there does not seem to be any close relation between the trachy- 
dolerites and the Siebengebirge andesites, as suggested by Rosen- 
busch. The close relation between these trachydolerites and those 
of the Leith Valley, previously described, and also that of Bauza, 
is clearly shown. ‘That the trachydolerites are the volcanic repre- 
sentatives of the essexites is shown by Analysis IIT. As previously 
stated, the presence of barkevikite, violet augite, and olivine, and 
the association of anorthoclase with a soda-lime felspar, strongly 
support this conclusion. There is also in the Dunedin district 

Q. J.G.S. No. 280. 2k 
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every connecting-link between the kaiwekites and the trachy- 
dolerites: that is, between the volcanic representatives of the 
laurvikites and the essexites respectively. 

Elsewhere along this south-eastern coast of New Zealand voleanic 
rocks in many places traverse the Tertiary rocks and the schists. — 
All of these appear to be basalts of a more or less uniform type, 
and similar to the basalts of the Dunedin district. At Kakanui, 
SO miles distant from Dunedin, there is a coarse submarine tuff, 
which contains large crystals of hornblende, and an acid oligoclase, 
as well as other minerals and fragments of peridotites. These have 
been described by Dr. J. Allan Thomson.! 

Nie ORUGIN OF THE DIFFERENT LAVAS. 

A consideration of the chemical and mineralogical characters 
of this sequence of lavas, as described, suggests that at least four 
different explanations might be advanced to explain its features :— 

(1) A separate magmatic origin might be assigned to each of the lavas. 
(2) Two magmas might be supposed to exist side by side, and their zone 

of contact might give rise to the mixed type. 
(3) Attempts might be made to explain the whole series as a result of the 

differentiation of one parent magma. The different types would 
then be explained on the hypothesis that effusion would take place 
from different parts of the magma as it gradually cooled and various 
parts of it acquired the composition that characterizes the lavas 
which issued from it. ‘ 

(4) The intermediate types, that is, the kaiwekite and the trachydolerites, 
may be regarded as undifferentiated portions of the original magma 
with which the volcanic reservoir was supplied on three occasions 
at least. From this original magma the other types may have 
been derived by some process of differentiation, 

(1) It is hardly likely, at this ‘stage of the progress of petr - 
graphical science, that any geologist would be found to support the 
idea of a separate magmatic origin for each type of lava repre- 
sented in the series. Although in the island of Hawaii the two 
voleanoes, Kilauea and Mauna Loa, are quite independent one of 
the other in their periods of activity, the predace: of this activity 
are similar, 

In the present case, however, it would be necessary to suppose 
that at least four volcanoes existed in such proximity that, in their 
various periods of activity, their lava-flows would have overlapped. 
As stated earlier, the field-evidence shows that the lavas all flowed 
down the same slope, and that the time-interval which separated 
different eruptions was in no case great. There is, in addition, 
so evident and close a relationship, from a chemical standpoint, 
between the various members of the sequence as to necessitate some 
amount of community of origin. 

(2) The existence of two primary magmas and their combination 
in different proportions to form the multiplicity of igneous rock- 

1 Trans. N.Z. Inst. vol. xxxviii (1905) pp. 482-95 ; also ‘ Inclusions in some 
Volcanic Rocks’ Geol. Mag. dec. 5, vol. iv (1907) p. 497. 
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types is the old theory of Bunsen, with its further extension by 
Durocher. This theory, so far as its general application is con- 
cerned, has at the present time a historical interest only. It is, 
however, worth while to consider the possibility of its application 
to a limited series of rocks such as the one now being considered. 
The two extreme types of rock found in this series would have to 
be taken as representing the composition of the two original primary 
magmas, and all the other types (phonolite, kaiwekite, trachydolerite, 
and basalts) would have to be regarded as formed from these two 
magmas mixed together in different proportions. 

The two extreme types are the trachyte No. 1 and the basalt 
No. 6. It 1s, however, impossible to regard the phonolite No. 14, 
the most alkaline rock of the whole series, as formed from the 
mixture of these two primaries in any proportions whatsoever. 

(3) The nature of the rock-sequence shows that the diferent 
members could not all owe their origin to the processes of differ- 
entiation that might take place in a single magma. Although 
temperature-differences and relative miscibility of various com- 
ponents of the original magma would almost certainly play their 
part in promoting such differentiation, yet it is not perhaps too 
much to say that, in the’main, the separation of the magma into 
portions of different chemical composition would depend upon the 
action of the force of gravity. If this be admitted, it follows that 
the various lavas were emitted roughly in the order of their specific 
vravities. This, however, is far from being the case, for the 
phonolites are of much lower specific gravity than the basalts, yet 
they occur higher in the series than the basalts, and the very last 
lava of all is a phonolite. 

What is true of the rocks as a whole is also true when applied to 
a consideration of the occurrence of different minerals in the rocks 
of the series. Thus barkevikite, a mineral with a high specific 
gravity, does not occur in any of the lower lavas, but only in those 
that are relatively high in the series, and in those lavas in which it 
does occur it is associated with anorthoclase, a mineral of relatively 
low specific gravity. While the occurrence of the rocks in the 
order of their specific gravity would, in the main at least, be due to 
the action of molecular differentiation, the occurrence of minerals 
in their order of specific gravity w ould be the result of fractional 
crystallization. Since neither the rocks nor the minerals occur in 
this series in an order which on the whole has any relation to the 
order of their specific gravities, it follows that the order of occur- 
rence of both the minerals and the rocks goes far to show that the 
series of lavas has not originated from the differentiation that 
might have taken place within a single magmatic mass. 

(4) The chemical relationship of the kaiwekite No. 18 and the 
trachydolerite No. 24 to the rocks above and below them shows at 
once how » remarkably intermediate a chemical composition they 
possess. In regard to several of the constituents, notably lime, 

. a. r y' 
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magnesia, soda, potash, and, to a less extent, silica, it is seen at 
once that the proportions are almost the exact mean of those present. 
in the associated rocks. his is clearly shown in the curves which 
represent the molecular proportions of the substances and in those 
which represent the molecular proportions of these substances as ~ 
compared with silica (Pls. LIT & LIV). It can hardly be doubted 
that this indicates a genetic relationship. It must, however, be 
insisted that although the kaiwekite, for example, lies between a 
basalt and a phonolite, it must not be regarded as especially related 
to the basalt lying beneath it, but to the basalts that rest on the 
succeeding phonolite. The general similarity of the basalts of the 
series 18, however, so great as not to invalidate the value of the 
comparison made. In point of fact, the probability of the genetic 
relationship is still further emphasized when in this case com- 
parison is made with the basalts that rest upon the phonolite - 
(No. 14). The lowest of these is distinctly less basic than the 
normal basalt of the series, and it can therefore be reasonably’ 
claumed as a differentiation-product of the kaiwekite-magma, 
connecting in a definite manner the phonolite and the basalt- 
differentiates. We are thus clearly led to the opinion that the 
kaiwekite represents the composition of the original magma in 
the voleanic reservoir, and that the phonolite and succeeding basalts 
are chemical difterantiates from it: ~*~ 

The same relationship can be seen in connexion with trachy- 
dolerites Nos. 24 & 21: although in the former case any basalt 

that may have rested on the phonolite has been removed by denu- 
dation, and in the latter case there is no phonolite. This, however, 
is not surprising, for, as has been previously pointed out, all the 
lavas that issue from the crater of a voleano are not represented 
ona single slope of the mountain. It is indeed remarkable that 
a succession of lavas that can be regarded as a complete series, 
such as that above the kaiwekite, should be found on one slope. 
The occurrence of the trachyte at the base of the whole series is 
not explained by this suggestion. The rock on which it rests is not 
shown, but, as will athert Ww ards be pointed out, there is, mm the great 
magmatic reservoir of Tahiti, now exposed by the denudation of 
6000 feet, at the least, of volcanic material, a mass of a syenite 
composed solely of felspar, and this has probably been derived 
from the differentiation of an essexite magma. 

The foregoing statements support the belief that the lavas of 
this series have issued from a reservow at an intermediate 
level, and that within this reservoir the conditions allowed of 
differentiation. On four separate occasions this reservoir is 
supposed to have been supplied from some deeper souree with 
au esscxiti¢ Magia in which a certain amount of crystallization 
had taken place. There is even some evidence that a certain 
wnount of differentiation had already occurred in this deeper 
source, as the markedly porphyritic types of rock —trach 
No. 1, kaiwekite No. 13, trachydolerite No. 20, and trachydolerite 
No, 24, show a progressive decrease in silica and corresponding’ 
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increase in the basic constituents. There are, of course, other 
instances in which appeal has been made to the probability of 
fresh accession of magma to the reservoir. |The best known is 
perhaps that of the Berkeley Hills in California, where five or six 
such recurrences are suggested. In this case. however, there is not 
so clear a succession of lava- flows, and the succession does not 
include alkaline rocks.’ 

The mineralogical and textural character of the rocks also supports 
‘this idea. The kaiwekite and tr: achydolerites contain phenocrysts 

of certain minerals that are not found in the other rocks, which 
it is here suggested are derivatives from the magma that soli- 
dified into the kaiwekite. Of these barkevikite, anorthoclasc, 
and the violet augite are the most prominent. The olivine in these 
rocks also is far less fresh than it is in the basalts, and is often 
much resorbed. In fact, none of the principal minerals in the 
kaiwekite (and to a less extent in the trachydolerites) occur in the 
rocks which are supposed to be derived’ from the same material. 
At first sight, these considerations seemed to be an absolute barrier 
to the idea of the derivation of these lavas from a common source 
by a process of differentiation. Further consideration, however, 

somewhat lessened the difficulties. The olivine and perhaps the 
brown augite-phenocrysts in the basalts might be directly derived 
from Fr Mai winerals that were already crystallized i in the magma : 

for, when it came to rest, they w ould gradually sink to the bottom, 
because of their r slatively high specific 2 oravity ,and this fact might 
well account for their absence in the phonolite and their presence in 
the basaltic derivative from that magma. The total absence of the 
barkevikite and partial absence of the anorthoclase in all the sue- 
ceeding rocks must obviously invo olve considerations of a different 
nature. 

Microscopic study shows that the barkevikite of the kaiwekite 
and trachydolerites has undergone much resorption, and that the 
anorthoclase has been greatly corroded. This at least suggests that, 
under the conditions of eruption of the magia, crys stals of these 
two minerals were unstable. They are certainly crystals of intra- 
telluric origin formed under conditions that obtain at great depth, 
but not proper to the* composition and other conditions of this 
magma when it had reached the level of the supposed intermediate 
reservoir. It appears to be generally recognized at the present time 
that pyrogenetic- hornblende will not cry stallize unless the magia 
contains water or hydroxyl. Thus Prof. J. P. Iddings says 

‘according to Penfield hydroxyl enters into the composition of hornblende.” 
... The presence of hydrogen in the compound [pyrogenetic hornblende), 
though in smaller amount than in mica, indicates a similar origin for amphi- 
bole and mica compounds, namely a hydrolitic one.’ * 

1 A.C. Lawson & C. Palache, Univ. Calif. Bull. Dep. Geol. vol. ii, No. 12 
(1902). . 

2 «Problems of Petrology * Proc. Am. Phil. Soc. vol. 1 (1911) p. 291. 
8 <Toneous Rocks’ New York, vol. i (1909) p. 139. 
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For a long time it has been widely known that water-vapour 
plays an important part in most volcanic action, and that it is a_ 
component substance of most igneous magmas. Exception has, 
however, to some extent been made in the case of the lavas of 
Hawaii, but it has lately been shown by Messrs. A. L.. Day & E. 5. 
Shepherd that water is a most important substance in that magma.! 

At the present day we are justified in saying that water is an 
Important constituent of all igneous magmas, except perhaps 
the ultrabasic material. 

The kaiwekite magma would therefore contain water, and in 
virtue of the presence of this substance barkevikite might erystallize 
in it. Little appears to be known at present regarding the rate of 
resorption of such minerals, but there is no reason to suppose that 
a period of rest at the level of the intermediate reservoir would not 
allow of the complete resorption of all crystals formed under 
plutonic conditions. This would be almost certain to happen, if 
the distance of this reservoir from the surface, and other cOnGR ane. 
allowed of the escape of water-vapour. 

After this complete refusion differentiation might take place. 
This would be of a molecular nature, for no crystals would be 
present in the magma. The low specific gravity of the phonolite 
compared with that of the basalt, suggests that the force of gravity 
would be the main agent in effecting this differentiation. To what 
extent gravity might have been aided by local differences of tempe- 
rature and by relative want of miscibility of the femic and salic 
minerals, it is probably impossible to euess—at any rate, in this 
Instance. 

It thus appears that, although the mineralogical and textural 
characteristics of the kaiwekite and associated trachydolerites 
suggest at first sight that these rocks represent the final residue of 
the magina after ‘cooling and crystallization had proceeded almost 
to fies final limit, a Blocer consideration points to a conclusion 
which is wholly opposed to that idea. It supports the belief that 
these rocks in reality represent the original undifferentiated 
magina, and that the phonolites of fine texture are actually the 
products of molecular differentiation after the crystals that had 
originally crystallized had been completely resorbed into the magma. 

The suggestion is thus made that the phonolites and basalts are 
the products of a differentiation of an essexitic magma. ‘This is 
wholly opposed to the conclusion to which I came in 1906, when 
discussing ae nature and relations of the igneous rocks throughout 

it was then stated that the trachydolerites (the 
iota fhe of Rosenbusch was then alone referred to this group) 
and the basanite ‘have resulted from the mixture of magmas 
before ejection. * The strong light that has been shed on the 
whole question from a prolonged study of the North Head causes 
me to regard these intermediate types as resulting from the eruption 

' Bull. Geol. Soc. Am. vol. xxiv (1913) pp. 573-606. 
2 Q.J.G.8. vol. lxii (1906) p. 421. 
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of the original undifferentiated magma; not from the complete 
intermingling of two magmas widely “different one from the other 
in chemical composition. 

The occurrence of the alkaline and basic rocks in the island of 
Tahiti is of special interest in this connexion. Here, as is well 
known, Prof, A. Lacroix has recorded the occurrence of phonolites: 
and other alkaline rocks, as well as a great variety of basalts, some 
of which are of extremely basic composition. There is also in the 
interior of the island a mass of plutonic rocks which are mainly 
monzonites, essexites, and theralites.. A recent visit to that 
island, made for the purpose of studying these rocks, has enabled 
me to make a comparison between the rocks of the two districts. 

On the outskirts of the plutonic area in the centre of the island, 
6000 feet below the summit of the fantastic ruins of the great 
island voleano, occurs a pure white syenite composed almost 
solely of anorthoclase. At another place on its border a perido- 
tite occurs, but over the greater part of the plutonic area there 
is a large outcrop of essexitic and theralitic rock. Viewed under 
the microscope, there is almost perfect identity between the 
barkevikite, violet augite, and olivine of these rocks and the same 
minerals found in the kaiwekites and trachydolerites at Dunedin. 
Here, again, the phonolites that issued from the crater which at one 
time reached more than 6000 feet above the surface of the plutonic 
rocks (as at present exposed) are dense compact rocks. The nature 
of the plutonic complex leaves no room for doubt that, in this 
instance at least, the phonolites resulted from the differentiation- 
processes within an essexitic magma. There isa close similarity 
between the rocks of Tahiti, Rarotonga, Moorea, Huaheine, and 
Raiatea, in all of which dense phonolites are associated with 
basalts often having the same extremely basic character as that 
presented by the basalts in Tahiti2 ‘These facts suggest that they 
also have had a similar origin, and that here at least the usual origin 
of phonolitic rocks is from processes of molecular differ entiation 
within a magma of essexitic composition. 

Difficulties in obtaining access to any large body of geological 
literature have prevented me from making a comparative study 
of the theories that have been advanced to “account for the origin 
of alkaline voleanic rocks. The only two that I can find—apart from 
general statements in text-books of the relation of phonolites, for 
instance, to nepheline-syenites—are those of Dr. Jensen and 
Dr. Daly. Unfortunately neither of these authors quotes literature 
on the subject. Dr. H. I. Jensen states, among other conclusions 
in his summary ® :— 

(1) All alkaline rocks are practically confined to the flanks of old plateaux 
ianinent areas) which have sa eae NOES sedimentation in lie Paleozoic 

2 Bull. Soe. Géol. Pegnis. ser. 4, vol. x (1910) pp. 91 124, 
2 For a general statement, see P. Marshall, ‘Oceania’ in ‘ Handbuch der 

Regionalen Geologie’ vol. vii, pt. 2, Heft 9, p. 12 (Heidelbers, 1911). 
~a*® ‘The Distribution, Origin, & Relationships of Alkaline Rocks’ Proc, 
Linn. Soc. N.S.W. vol. xxxiii (1908) p. 584, 
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and Mesozoic times.... (4) Very old rocks, often the Archean complex, A, 
occur in or very near every alkaline province.... (7) For reasons given, the _ 
theory is advanced that alkaline rocks are dermett from, in the first place, 
Archean saline beds which, by chemical attacks on the adjacent sediments, © 
have given rise to an alkaline magma in the process of metamorphosis. This 
magma has been squeezed laterally into the continental areas and has under-. 
gone differentiation, or it has mixed with other magmas, chiefly basic, and has 
then been differentiated. 

It appears heroic to attempt to apply No. 1 to the case of Tahiti, 
for the soundings round the island are all of great depth, and no 
structure that can possibly be regarded as lane old plateau exists 
nearer than Australia. In Waele it is true that the alkaline 

voleanic rocks oceur on the border of a schist-area. I have, how- 
ever, elsewhere given reasons for the belief that these schists are of 
Mesozoic age! As to 4, very old rocks are not known anywhere 
near the Mane rocks of the Pacific Islands. In New Zealand 

the » supposed Archzean gneisses are 150 miles distant. With regard 
to 7, the statement of the origin of alkaline rocks is partly based 
on 1 and 4, and must stand or fall with them. 

Dr. R. A. Daly tentatively ascribes the presence of trachytes 
and trachydolerites among the basalts of Hawaii to changes in the 
normal basalt arising from its solution of small quantities of sedi- 
mentary limestone cut by the respective lava-conduits. Generally, 
he has stated more recently that 

‘The segregation of alkalies and the observed desilication of subalkaline 
magmas are largely explained by the assimilation of the natural carbonates. 
It is conceived that the whole of the carbonates may take part in the appro- 
priate chemical reactions, or that sometimes the subalkaline magma is affected 

only by the carbon dioxide that is given off by magmatic heat from invaded 
limestone into the voleanic vent or other magmatic chamber.’ * : 

In Tahiti no included fragments of limestone have yet been 
found in the voleanie rocks. In the magmatic chamber syenites, 
essexites, monzonites, theralites, peridotites are all found, and it is 
pr obable that all these diver gent types result from the differentiation 
of one original basic magma with a high content of alkalies. So 
far as the required limestone is concerned, appeal would have to 
be made to the Globigerina ooze that certainly covers the sea-floor 
in the neighbourhood of these islands. 

Near Dunedin the only limestone known is a highly siliceous 
rock. No fragments of this have been found in the voleanic rocks, 
and there is a notable absence of types of siliceous rocks in the 
voleanic series. In addition, the relations of the rocks of this series, 
as described above, seem to demonstrate that the phonolites and 
basalts have both been derived from an essexitic magma by mole- 
cular differentiation. 

1 «New Zealand & Adjacent Islands’ in the ‘ Handbuch der Reginaaley 
Geologie’ vol, vii, pt. 1, Heft 5, p. 18 (Heidelberg, 1911). 

* < Origin of the Alkaline Rocks’ Bull, Geol. Soc. Am. vol. xxi 910) 
p- 115. 
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While the statements made and arguments advanced in this 
paper give a satisfactory and reasonable explanation of the occur- 
rence of phonolites in genetic association with basalts in the Dunedin 
district, as also in Tahiti and probably in the other islands of that 
part of the Pacific basin, it is not supposed that this explanation 
necessarily accounts for the occurrence of phonolites in other 
voleanie districts. There are not sufficient data derived from a 
study of this district to justify a discussion of the origin of the 
essexitic magma itself. 

V1. Suamary anp ConcLustons. 

(1) The series of voleanic lavas at the North Head, Dunedin, all 
flowed down the same slope, and probably all issued from the same 
volcanic orifice. 

(2) The large amount of scoria between the lava-flows shows 
that the centre of eruption was not far distant from the locality 
of the North Head. 

(3).The fact that there was no erosion of any lava-flow 
before the outflow of the next indicates that no interval of any 
great length separated the eruption of the various lavas. 

(4) The lavas may be classified as trachyte, phonolite, kaiwekite, 
basalt, and trachydolerite. 

(5) The trachydolerites and kaiwekite have an intermediate 
composition between the phonolites and the basalts. 

(6) The trachydolerites and kaiwekite contain large crystals of 
barkevikite and of anorthoclase or of nepheline, and are much the 
most porphyritic rocks of the series. 

(7) Although these rocks are the most porphyritic of the suc- 
cession, them intermediate chemical character marks them as 
formed from the magma before it was differentiated. 

(8) This consideration necessitates a threefold eruption from a 
deep-seated source to an iitermediate level. 

(9) After a partial eruption of the magma at this intermediate 
level complete resorption of the barkevikite and other minerals 
would take place. 

(10) The eruption of the dense non-porphyritic phonolite 
‘vould take place from the upper part of this residue, which 
would have become separated into portions chemically different by 
the process of molecular differentiation acting under the force of 
ravity. , 
(11) The basalts represent the heavier residue of the differ- 

entiated residue at the intermediate level. 
(12) The barkevikite, violet augite, anorthoclase, and basic 

felspar, which occur as phenocrysts in the intermediate lava, as well 
as the chemical composition of these lavas, prove that the original 
magma had the composition of essexite. 

(13) The course of differentiation which is indicated in the 
series of lavas exposed at the North Head is apparently the 

Q. J.G.S. No. 280. 2F 
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same as in the island of Tahiti, where there is a similar assem- 
blage of alkaline and basic lavas. 

(14) In Tahiti erosion has now exposed the reservoir, and the 
dominant type of rock seen in it is essexite, although the lavas 
of the island are remarkably free from the hornblende which is 
the most conspicuous mineral of the essexite. 
(--(15) It is suggested that the frequent occurrence of alkaline 
and basic rocks at Moorea, Huaheine, Raiatea, and Rarotonga is 
due to differentiation from an essexitic magma. 

EXPLANATION OF PLATES LIII & LIV. 

Puate LITI. 

Diagrams showing the chemical composition of the lavas and the molecular 
proportions of the oxides in the series of rocks. 

PLate LIV. 

Diagram showing the specific gravities ; and variation-diagram of the molecular 
proportions of the metallic oxides compared with silica, which in each 
ease equals 100. 

DISCUSSION, 

Dr. J. W. Evans expressed his pleasure at this valuable addition 
to the evidence bearing on the subject of the differentiation of 
igneous magmas, although he agreed with Prof. Brégger that the 
variations among voleanic rocks did not afford such definite informa- 
tion as the order of intrusion among intrusive rocks, of different 
composition but proceeding from a common source. He remarked 
on the predominance of basaltic lavas in the succession described, 
and expressed his opinion that the magma from which the intrusions 
proceeded must have had the composition of a basalt somewhat 
rich in soda. In a communication to the Twelfth International 
Geological Congress at Toronto, he had expressed the opinion that 
in the presence of the elements of water in considerable amount, a 
clear differentiation was possible into a magma corresponding to a 
granite in composition (except that it contained a much larger 
amount of water), anda basic magma with little water. Where water 
was deficient, the separation was less complete, and the basic magma 
was richer in soda. At the same time, there was evidence that an 
alkaline magma tended to separate into layers of different com- 
position when cooled to a temperature but little above that at 
which crystallization commenced. In the present instance, this 
appeared to have resulted in the separation of a comparatively small 
amount of more acid rocks from the main magma. | 

He deprecated the use of very special terms like kaiwekite, 
side by side with general terms such as basalt. Itwas regrettable — 
that something like the distinction made in biology between family, 
generic, and specific names could not be introduced into petrology. 

+ ’ 
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For the purpose of the present paper it would have been better 
to describe the kaiwekite simply as a soda-trachyte. 

Mr. J. F. N. Green observed that there was some danger in 
generalizing from a single section of lava-flows of unknown extent. 

_ He enquired whether there was proof “that the bands of scoria 

- 

referred to were really intercalated beds, and not merely surface 
flow-breccias. 

Mr. F. P. MENNE LL said that on points like the succession of 
eruptions too much information could hardly be amassed. It 
was doubtful, however, whether it threw much light on the 
constitution af the magmas that had existed dowil! below, for 
lavas seemed rather to “be in the nature of a scum which was 
strained off and forced to the surface. Quite apart from hypo- 
thetical considerations, it was interesting to note that the section 
described by the Author, like so many others from the so-called 
‘provinces’ of alkaline rocks, showed numerous non-alkaline flows. 
It was not sutliciently recognized that, in even the most richly 
alkaline regions, rocks. containing felspathoids were the exception 
rather than the rule ; ; but petrographers were generally too anxious 

_to devote their attention to the rare and curious to take much 

account of the more normal types. He was inclined to agree with 
what Dr. Evans had said regarding nomenclature: the ‘multipli- 
cation of names was to be deprecated, and it did not seem at all 
desirable to have those that denoted rare varieties put on a level 
with such comprehensive terms as basalt. 

Dr. J. V. EnspeEN said that the Author had evidently made good 
use of an excellent opportunity of studying an extended sequence 
of eruptive phenomena; but these lavas represented only one phase 
of the vuleanicity, and it seemed somewhat remarkable that no 
indications of intrusive dykes appeared to exist in this area. With 
regard to the process of differentiation assumed by the Author, this 
necessarily involved the origination of these several flows in the 
same magmatic basin. Although such an origin seemed to be 
highly probable, he would like to examine more closely the evidence 
upon which this fundamental conclusion was based, as well as the 
chemical differences of the various rock-types described by the 
Author, and considered by him to be derivatives of a parent essexite- 
magma. For this purpose it was necessary to know, not only how 
far certain molecules were missing (in comparing, for example, the 
felspar with the felspathoid types), , but also how far these had merely 
entered into different molecular arrangements. The Author had 

brought forward a large mass of valuable information, and the 
Fellows were to be congratulated upon having this important paper 
submitted for their consideration. 

Dr. A. H. Cox remarked on the interest of the paper, which 
dealt with a district offering yet another example of the well- 
known tendency for voleanic “phases of igneous activity to begin 
with the emission of lavas mainly basaltic in type. He considered 
that the coining of a new name for a particular rock often made 

9p2 
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for greater clearness than mould Hs attempt to descr 
one of the older terms, which otherwise tend to lose 
meaning. With regard to the suggested connexio1 
lavas of intermediate chemical composition and an 0 is 
magma, he enquired as to the sense in which the te 
-was used by the Author. —_—_, 

Dr. H. Lapworts, in reply, read portions of ie 
answered, as far as he was able to do so in the — "s 
the many questions raised. 
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area, 106-107 & pl. xvii (map). 
Buuuen, R. A., 129. 
BuRR, A. & M., Do. 
Burtoa cf. milotica: 195-96 & pl. XXX. 
Busu, R. E. J., 126. 
“Byer’s Quarry, see Marsden. 
Bytownite-norite of Huntly district, 

272-73 

Cannon-Shot Gravels of Norfolk, 

Carboniferous, junction Ws Lr Lias. 
in Dover Oothery. xiii; (or Permo- 
Carboniferous) of Titicaca district, 
30-37 & pls. vill—ix (foss.) ; see also 
Coal Measures. 

Cardiocarpus gutbieri, 75 & ib xii. 
Carvichen Granitite, 270, 276-77 Ww. 

chem. anal. 
Cassiterite of Gunong Bakag 363, 

369, 373. 
Castle Eden Dene (Durham), Mag- © 

nesian Limestones of, 239, 246, 
264 w. chem. anal. & pl. xxxyi 
(microscop. sect.). 

Castor fiber fr. Piltdown gravel, 92. — 
Cauldshiels Hill & Loch (Roxburgh- 

shire), dykes of, 311, 512. 
Cellular structures (in oe ee 

Limestones), origin of, 256-57. 
Cerastus cf. meellendorffi, 196-97 & | 

pil. xxx; 
— Sp. ele 197. 

CERNYSEV, see ''SCHERNYSCHEW. 

CHAMBERLIN, T. C., elected For. 
Member, ciii. 7a ae 

CHatwin, C. P., 359; appointment 
of, xviii. 

CHERRETT, B. W., 129. 
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Cherts, Arenig radiolarian, of Lough 
Nafooey area, 107-108 & pl. xvii 
(map). 

Chiefswoodash-neck (Roxburghshire), 
312; dyke intrusive in do., 311. 

Chitra ef. indica, 185. 
Chloritic calc-schist of Kona Plateau, 

153. 
CHOFFAT, P., elected For. Corresp., 

cili. 
Chondrites Limestones (Magnesian), 

256 w. chem. anals. 
Claxheugh (Durham), Magnesian 

Limestones of, 242 w. chem. anals. 
& pl. xxxvi (microscop. sect.). 

Cleopatra bulimoides, 192-93 & 
pls Xxx, 

— ewvarata, 193-94 & pl. xxx. 
Cliviger Series (E. Lancs.) of lakes & 

overtiow-channels, 217-19. 
Coal-Measure flora of Kent, 54-81 

& pls. xi-xiii; C. M. of Radstock, 
Meganeura from, 119-27 fie. & 
pls. xviii—xix. 

Coccut, L., obituary of, lxviii—lxix. 
CopRINGTON, T., [ exhibits fractured 

stone fr. Sinaitic Peninsula], xii. 
Conus, Gi A. J., 118. 
CoLomINAS, J., 316. 
Comanche (Bolivia), diorite of, 28-— 

29 & pls. v, vii; Permian of, 29-30 
& pl. vi. 

Compston, S., 226. 
Contact-metamorphism in the Huntly 

district, 279-91 w. chem. anals. & 
pls. XXXVHi—-xxxix (microscop. 
sects.). 

Coox, W. H., [on ‘Eoliths,’ &c.], 
vii-—viil. 

Corr, T. H., obituary of, lxxxii. 
Cordaicladus approximatus, 75 & 

pl. xii. 
— sp. (Middle Coal Measures), 76 & 

pl. xiii. 
Cordierite-norites of Huntly district, 

282-91 w. chem. anals. & pls. 
XXXV1li—XXxXix (microscop. sects.). 

Cordillera, see Eastern ¢ Western. 
‘Core-boulders’ in _ porphyritic 

granite of Gunong Bakau, 367. 
Corrsst, A. S., 100. 
Council, annual report of, xvii—xxi ; (& 

- Officers) elected, xxxi. 
Coxhoe, see Raisby. 
Crampton, D. C., 129. 
Crayford (Kent), flint-implements 

from, xii. 
CREDNER, H., 

lxvi. 
Creodont (Lower Miocene), astra- 

galus of, 179-80 & pl. xxix. 

obituary of, Ixiv— 
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Creran, Loch (Argyllshire), Balla- 
chulish fold nr. head of, 321-27 
figs. & pl. xlv (map). 

Cuil Bay Slates, 323 et seqq. ; 
Cuntis, C. G., 292. 
Curraghrevagh (Galway), 104 et seqq.; 

sect. W. of, 110; sect. in stream 
flowg. fr. Benbeg to Curraghrevagh 
hamlet, 114. 

Curvature, terminal, of rocks under-. 
lying Glacial Drift, 209, 227 & 
pl. xxxili (map). 

Cycloderma victoriz, sp. noy., 183— 
85 & pl. xxvii. 

Daz, W., [on fractured flints, &c.], 
vii. 

DANIEL-PIDGEON Fund awarded to 
P. G. H. Boswell, xcix; list of 
recipients, xli. 

DaRwIin, Sir GEORGE H., obituary 
of, Ixxxii—lxxxiii. 

Dawkins, W. -B., [on Palzoliths, 
&e. |, ix—x. m4 

Dawson, C., [on zine-blende fr. 
Upper Purbeck of Netherfield], 
xiv; [exhibits lantern-slides of 
Igwanodon, &c.}, xevili; (& A. S. 

' Woodward), Supplementary Note 
on the Discovery of a Palzolithic 
Human Skull & Mandible at Pilt- 
down (Sussex), 82-98 figs. & 
pls. xiv—xv. 

Dedolomitization (& segregation) in 
Magnesian Limestones, 251-56: 
use of term, 264, 265. 

Deltas, rate of formation of, lxxxvi 
et seqq. 

Denudation, problems of post-Glacial, 
lxxxv—xcvl. 

Desaguadero R. (Bolivia), gravel- 
terraces of, 40—41. 

Devonian of the Altaplanicie, 37-39 
_. & pl. viii (foss.); see also Old Red 

Sandstone. 
Diabases, so-called, intrusive in Wit- 

watersrand Beds, 329 et seqq. & 
pl. xlvi (microscop. sects.). 

Dictyopteris miinsteri, 72 & pl. xi. 
Dinotherium hobleyi, 164-66 & pl. 

Xxviii, 167-68. 
Dioritic intrusions of the Altaplanicie, 

28-29 & pls. v, vii, x. 
Dolerites of Morro de Arica, 12-13; 

of Lough Nafooey area, 114-15; 
of Kisii Highlands, 148. 

Dolomite, see Magnesian Limestones. 
Dolomitic deposition (& dolomitiza- 

tion of the Shell Limestone), evi- 
dence bearing upon, 249-51. 
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Donors to Library, lists of, xxi— 
XXvi. 

Doon Rock Grits, 112 & pl. xvi 

(map). 
Dorcatherium ef. nani, 176. 
Dorr ycor ‘daites' palmeformis, 75 & pl. 

xiii. 
Doveuas, J. A., Geological Sections 

through the Andes of Peru & 
Bolivia: I. From the Coast. at 
Arica in the North of Chile to La 
Paz & the Bolivian ‘ Yungas,’ 1-51 
w. sect. & pls. i-x, 53. 

Dover Colliery (Kent), junction of 
Lr. Lias w. Carboniferous in, xiii. 

Dragon-fiy, see Meganewra. 
Drainage, Glacial, systems of, in E. 

Lanes., 215-25 & pls. xxxi—xxxii, 
XXX1V—XXXv (maps). 

Drift, varieties, distribution, & origin 
of, in FE. Lancs., 199-208, 213- 14 fig. 

Dryopthecus joni 316-20 figs. & 
pl. xliv. 

Dunedin, see North Head. 
Durham Maenesian Limestones, litho- 

logy & composition of, 232-65 w. 
chem. anals. & pls. xxxvi-xxxvil 
(microscop. sects.). 

' Dykes in neighbourhood of Melrose, 
303, 310-12 & pl. xliii (geol. map). 

Easington Colliery (Durham), Mag- 
nesian Limestones of, 240-41 w. 
chem. anals. & pl. xxxvi (microscop. 
sect.). 

Kast Runton (Norfolk), iii. 
Eastern Cordillera (& Amazon slopes), 

geology of, 43-46. 
Easthampstead plateau (Berks), vi 
Eaton (Norfolk), iii. 
Echinoencrinus cf. senckenbergi, 108. » 
Hilde Flags, 321 et seqq. 
Eildon Hills (Roxburghshire), tra- 

chytes, &e. of, 307-10 & pl. xli 
(microscop. sects.). 

Election of Auditors, xv; of Council 
& Officers, xxxi; of Fellows, i, xii— 
xiii, XV, XV1, XCVli, xCViii, Ci, cii, civ ; 
of Foreign Members & For. Corresp., 
ciii. 

Ess, (Miss) G. L., 118. 
Espen, J. V., [elected Auditor], xv. 
Enstatite-andesite of Morro de Arica, 

11-12 & pl. vii. 
Enteletes aff. hemiplicata, 35-36 & 

pl. viii. 
Eoanthropus dawsoni, 86-91 figs. & 

pl. xv, 98-99 figs. 
‘ Koliths,’ exhibited & discussed, ii— 

xii. 

GENERAL INDEX. 

_ Fellows elected, i, 

[Dee. 1914, 

Epidote-schist nr. Langueh, 153. 
Equus przewalskii (?), Paleolithic 

engraving on bone of, 100-103 fig. 
Escurti Orneo, 48. 
_Estimates for 1914, xli—xliii. 
Ewphemus cf. indicus, 36-37 & pl. 

viii. 
Exe R., profile showg. ssi of, 

facg. < Zev 

Faldonside Moor ge neoke Mase = 
shire), 313. 

Xii-xili, xiv, XV, 
Xvi, XCVli, XCVill, Ci, cll, civ; num- 
ber of, Xvii, xXvVlli-xXxix; names 
read out, cili, civ. 

Felsites in Lough Nafooey area, 112, 
115; of Eildon Hills, &c., 308-309 
& pl. xli (microscop. sect.), 311. 

Financial report, xli—xlix. r 
Finny School Beds, 111 & pl. xvii 

(map). 
Fuert, J. S., 48, 118, 291, 314 
Flexible Limestones (Magnesian), 

238, 253 w. chem. anals. 
Flint-implements & fractured fiints, 

exhibited & discussed, ii—xii ; flints 
in Piltdown gravel, 83-85. 

Fluxion-banding in rocks of Huntly 
district, 291, 293. ; 

Foliated rocks of Huntly district, 
267-68 w. map, 279-81. 

Ford Quarry, see Claxheugh. — Nah 
Foreign Members elected, ciii; list of, 

xxxii; For. Corresp. elected, clii ; 
list of, XXX. 

Formenreihe, see Lineage. 
Fractures, natural & artificial, in 

flint, &c., ii et seqq. 
FRANCIS, J., 359. 
FritscuH, A., obituary of, la—lxu. 
Fulwell (Durham), Magnesian Lime- 

stones of, 235, 237 w. chem. anals. 
& pl. xxxvi (microscop. sect.). 

Gabbro (& picrites) of Huntly district, 
273-75. 

GARDINER, C. I. (& S. H. Reynolds), 
the Ordovician & Silurian Rocks of 
the Lough Nafooey Area (County 
Galway), 104-18 figs. & pls. xvi- 
Xvii. 

Geological Survey maps presented, 
Xvi, xevii, xeviii, ci. 

GIROUARD, Sir Percy, 129. 
Glacial Beds of East Anglia, imple-— 

ments.& fractured flints from, ii— 
ii; Glacial; geology of E. Lanes., 
199-231 & pls. xxxi—xxxv. 
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Glen Coe Quartzite, 321 et seqgq. 
Glyphioceratida, classification of, 

359. 
Gneisses in Victoria Nyanza region, 

139-40, 146 et seqq. 
Gongogongo (Victoria Nyanza), bio- 

tite-gneiss of, 146. 
Goodnestone Boring (Kent), Coal- 

Measure flora of, 57-59. 
Granitic core of Eastern Cordillera, 

45-46. 
Granite, porphyritic, of Gunong 

Bakau, 365-66 figs., 367. 
Granitite, Carvichen, 270, 276-77 

w. chem. anal. 
Granodiorites of Western Cordillera, 

16, 17 & pl. vii. 
Granulite, use of term, 377. 
Great Hameldon (Lancs.), distribution 

of N.W. Drift in district, 204 et 
seqq. : 

Grecory, J. W., [obituary of R. A. 
Baltzer |, lxvi-lxviii; the Evolution 
of the Essex River-System & its 
Relation to that of the Midlands 
[title only],c; the Structure of the 
Carlisle-Solway Basin & the Se- 
quence of its Permian & Triassic 
Rocks [title only), ci. 

Greisen, definition of, 376—77. 
Grove, P. C., 100. 
Gunong Bakau (F. M. §&.), topaz- 

bearing rocks of, 363-81 figs. & 
pls. li-lii. 

Gwasi (Victoria Nyanza), basalt- 
plateau of, 140-43. 

GWINNELL, R. W., obituary of, 
lxxxii. 

Gypsum in Najanja Hills, 155. 

Hampshire (S.E.), fractured flints, &c. 
from, v. 

Hardwick Dene (Durham), oolitic 
Magnesian Limestone of, 264 & 
pl. xxxvii (microscop. sect.). 

Harefield (Middlesex), iv. 
Harford Bridges (Norfolk), iii. 
HARKER, A. [obituary of H. Rosen- 
busch }, lix—lxi. 

Harmer, F. W., { exhibits Paleeolith ], 
xii. 

HARRISON, B., see KENNARD. 
Hart, see Blackhall Rocks. 
Hartlepool (Durham), Magnesian 
'Limestones of, 235, 243 w. chem. 
anals. & pls. xxxvi, xxxvii (micro- 
scop. sects.); see also West 
Hartlepool. 

Haswell, see Tuthill. 

GENERAL INDEX. 413 

HAWARD, F.N., [on Palzoliths, &c. }, 
li-iii; award of Murchison Fund 
to, lvii. 

Hesleden Dene (Durham), Magnesian 
Limestones of, 235, 238, 239 w. 
chem. anals. 

Hiaerns, R. B., exhibits Palezoliths], 
xii. 

High Coniscliffe-on-Tees (Durham), 
Magnesian Limestone of, 248 w. 
chem. anal. 

Hinpg, G. J., [on radiolaria, &c. in 
Lough Nafooey cherts}, 107-108. 

HosB.ey, C. W., 128, 129. 
HoLuanp, Sir Tuomas, [receives 

Lyell Medal for C. S. Middlemiss |, 
liv—lvi. 

Horden Burn (Durham), Magnesian 
Limestones of, 245 w. chem. anals. 

Hornblende-andesine rock of Huntly 
district, 281 & pl. xxxix (microscop. 
sect.) ; hornblende-gneiss of Kama- 
gambo plateau, 147 ;- hornblende- 
biotite-gneiss E. of Lake Simbi. &c., 
158-59 ; hornblende-porphyrite of 
Kitama Valley, 139. 

Horse, see Equus. 
Howcuin, W., award fr. Lyell Fund 

to, lvii—lviii. 
Howorrta, Sir Henry, 129. 
Hutt, E., [on junction of Lr. Lias 

w. Carboniferous in Dover Colliery }, 
xiii. 

Hungary, Geol. Surv. maps presented y 
Xvi. 

Huntly (Aberdeen), geol. of country 
around, 266-93 figs., chem. anais. 
& pls. xxxvili-xl. 

Hypabyssal rocks of Huntly district, 
271-72, 277-78: see also Pegma- 
tites, fc. 

Ice-action, evidences of. in E. Lanes., 
208-209 & pl. xxxiii (map); ice- 
sheet, former, in E. Lanes., 209-15 
fig. 

Igneous rocks, see Andesite, Granite, 
i 

Soaian lantern-slides of footprints 
of, xeviil. 

Inuine,C. V., the Paradoxidian Fauna 
of a Part of the Stockingford Shales 
[title only], civ. 

Implements, Paleolithic.&c.,exhibited 
& discussed, ii—xii. 

Insoluble residues fr. Magnesian Lime- 
stones, 257-58. 

International geol. map of Europe, 
completion of, xvi; internat. geol. 
map of the world, proposed, xviii. 
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Ireland, Geol Sury. map presented, 
Ch 

Jamieson, A. W., [on Paleoliths, 
&e. |, Vv. 

a amiraya Gorge (Bolivia), 5 et seqq. 
& pl. ii. 

Jounson, W., [on Paleoliths, 
ix. 

Jowett, A., The Glacial Geology of 
East Lancashire, 199-229, 231 & 
pls. XXxXI-XXXV. 

Jupp, J. W.,! obituary of H. Credner |, 
lxiv-Ixvi: [on the Geology of Rock- 
all}; xcix-c. 

&e. |, 

Kachuku (Victoria Nyanza), Miocene, 
&e. of, 130 et seqg. & pls. xxi—xxii, 
XXV1. 

Kaiwekite of North Head (Otago 
Harbour), 382 et seqq. figs., 390, 
393 et seqg. w. chem. anal. ; use of 
term, 406. 

Kamagambo Plateau (Victoria Ny- 
anza), hornblende-gneiss of, 147. 

Kkaolinized Lower Kinderscont Grit, 
X¢vill. 

130, Karuneu (Victoria Nyanza), 
136; geol. map of district, pl. 
XXV1. 

KENDALL, P. F., 226. 
Kennarp, A. §., [on Paleoliths, 

&e.|, iv. 
Kent (W.), ‘ Eoliths’ fr. Chalk plateau 

of, iv; Kent Coalfield, fossil flora 
of, 54-81 & pls. xi—xiil. 

Keratophyre, use of term, 118. 
Kikongo (Victoria Nyanza), Miocene, 

&e. of, 180-31 et seqq., 139. 
Kilbride (Mayo), correlat. of series 

w. that of Lough Nafooey, &e. a 
116-18. 

Killary (Galway), correlat. of series 
w. that of Lough Nafooey, <&e., 
116-18. 

Kinderscont Grit (Lower), kaolinized, 
xevill. 

Kiprine, F. 8., [on water of Lake 
Simbi], 156. 

Kisii Highlands, geol. of country 
betw. Victoria Nyanza and, 144— 
59 & pl. xxv (map). 

Kitama Valley (Victoria Nyanza), 
139, 143. 

Kirenin, F. L., [on Lower Lias in 
Dover Colliery ], xiii. 

Knipe, H. R., 129 
Knowl Hill (EK. Lanes.), overflow- 

. channels near, 221 & pl. xxxi. 
Kona Plateau (Victoria Nyanza), 152, 

153. 
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Kuja Valley (Victoria Nyanza), 136, 4 
137, 139, 147 et seqq. & pl. xxiii. 

Kunkar in Victoria Nyanza Tem2Or 
143, 

La Colombiére rock-shelter (Ain), 
mammalian remains, &c. from, 
X¢eVli—xeviil. : 

La Paz, see Andes. ee 
Labradorite - porphyrite in Lough 

Nafooey area, 112, 115. 
Laccolites (& sills) in neighbourhood 

of Melrose, 303, 305-10 <a xh- 
xhii. 

Lamont, Sir JAMEs, 
Lexx. 

LamMPpLuGH, G. W., 
claystone ], vii. 

Lancashire (E.), Glacial geology of, 
199-231 & pls. xxxi—xxxv. 

Lane, W. D., 359. 
Langueh (Vietoria Nyanza), 153-54. 
Lamistes carinatus, 190-92 & pl. xxx. 
LAPworTH, H.., [elected Secretary |, 

xxxl; [exhibits kaolinized Kinder- 
scout Grit], xeviii. 

Lavas, sequence of, at North Head 
(Otago Harbour), 382-408 figs. & 
pls. lii-liv; see also Basalts, 
Trachytes, &c. . e. 

Lemoine, P., 359. 
Lenwade (Norfolk), ii. 
Leptocelia acutiplicata, 39 & pl. viii. 
—— flabellites, 39. 
Lerida, see Seo de Urgel. 
Leven Sehists, 321 et seqq. 
Lias (Lr.), junction w. Carboniferous 

in Dover Colliery, xiii. 
Library, annual report of Committee, 

xix—xxi; lists of donors to, xxi— 
XXvVil. 

Iime-bostonite in Lough Nafooey 
area, 113-14, 115; use of term, 
118. 

Limicolaria sp. (Miocene), 196 & 
pl. wer 

Lineage, use of term, 336-37. 
Liorhynchus bodenbendert, 38-39. 
Liparoceras sp. (Belemnite-Stone), 

338. ; 
Lithia-biotite, 367; 373. 
Little Hill (Roxburghshire), ash-neck, 

&e. of, 312-13. 
Llandeilo rocks of Lough Nafooey 

area, 109 & pl. xvii (map). 
Llandovery (Upper) rocks of Lough — 

obituary of : 

[on fractured . 

Nafooey area, 110-11 & pl. xvii a e 

(map). 
Losey, J. L., 
‘Local Drift’ 

208, 213-14 fig. 

obituary of; lose 
(E. Lanes.), 201, 207- Se a 
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La@winson-Lessine, F. J., elected 
For. Member, ciii. 

Logan's Point Phonolite, see Phono- 
lites. 

Lonchopteris eschwetleriana, 72-73 & 
pl? xi 

Lonestsrr, G. B., 129. 
Lyell Medal awarded to C.S. Middle- 

miss, liv-lvi; L. Fund, awards to 
W. Howchin & J. Postlethwaite, 
lvii-lviii; L. Medallists, list of, 
XXXVili ; recipients of L. Fund, list 
OF) XERIX. 

McMurtrig, J., obituary of, Ixxviii— 
Ixxix. 

McNEI.L,‘B. [re-elected Treasurer |, 
2.6. 

McRoswrt, (Lady) R. W., Acid & 
Intermediate Intrusions & Associa- 
ted Ash-Necks in the Neighbour- 
hood of Melrose, (Roxburghshire), 
303-14, 315 & pls. xli—xliii. 

Macrocephalites sp. (Callovian), 9& 
pl. viil. 

Magadi, Lake (H. Africa), cii. 
Magmatic processes (leadg. to format. 

- of Guneng Bakau rocks), 377-80. 
Magnesian Limestones of Durham, 

lithology and composition of, 232— 
65 w. chem. anals. & pls. xxxvi-— 
XXxvii (microscop. sects.). 

Magnetite-actinolite-staurolite rock, 
330 & pl. xlvi (microscop. sect.). 

Malay Peninsula, stone implements 
fr. E. coast of, vi. 

Manga Escarpment (Kisii Highlands), 
151-52 & pl. xxiii. 

Map of the country betw. Arica & the 
Bolivian ‘ Yungas,’ pl. x ; geol. map 
of Lough Nafooey area, pl. xvii? 
geol. map of district betw. Victoria 
Nyanza & Kisii Highlands, pl. xxv ; 
‘geol. map of neighbourhood of 
Karungu & plans of Miocene out- 
crops at Nira & Kachuku, pl. xxvi; 
map showsg. distribution of varieties 
of Glacial Drift’ in E. Lanes., 
pl. xxxiii; maps showg. stages of 
retreat of ice-sheet fr. E. Lanes., 
pls. xxxiv & xxxv; map showg. 
variation in strike of foliated rocks 
of Huntly, 268; geol. map of country 
around Huntly, pl. xl; geol. map 
of the Hildon Hills, pl. xlii; map 
showg. distribution of igneous rocks 
& O.R.S. in the neighbourhood of 
Melrose, pl. xliii; map (& sect.) 
illustrating tectonic structure of 
parts of Argyllshire & Inverness- 
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shire, 322; geol. map cf country 
around the head of Loch Creran, 
pl. xlv; geol. map of a portion of 
the Tweefontein, Vergenoeg, & 
Zyferfontein districts of the Orange 
Free State, pl. xlvii; sketch-map 
of Gunong Bakau & its imme- 
diate surroundings, 364; map of a - 
portion of the South Island (N.Z.), 
383. 

Maps presented, xvi, xcvii, xevili, ¢, 
Ge i 

Mavriopteris latifolia, 71 & pl. xii. 
Marr, J. E., Wollaston medal awar- 

ded to, 1—lii. 
Marsden (Durham), Magnesian Lime- 

stones of, 237-38 w. chem. anals. 
MARSHALL, P., the Sequence of Lavas 

at the North Head, Otago Harbour, 
Dunedin (New Zealand), 382-406 
figs. & pls. liii—liv. 

Martin, E. A., (on ‘ Koliths,’ &e.], 
mie 

Mason, W. M., 365. 
Mattice Hill Boring (Kent), Coal- 

Measure flora of, 60-61. 
Mauri Volcanic Series (Bolivia), 23- 

26 & pls. iv, vii. 
Mawson, Sir Douetas, [on the Geo- 

logy & Glaciation of the Antarctic 
Regions], ciii—civ. 

Maydensole Boring (Kent), Coal- 
Measure flora of, 65—66. 

Medway R., profile showg. gradient 
of, face. p. xe. : 

Meganeura vradstockensis, sp. nov., 
119-27 fig. & pls. xviii—xix. 

Melrose (Roxburghshire), acid & in- 
termediate intrusions & associated 
ash-necks in neighbourhood of, 
3038-15 & pls. xli-xlni. 

Mweelrea Grits & Conglomerates, 109 
& pl. xvii (map). 

Merycops africanus, sp. nov., 171-73 
& pl. xxix. 

Mesozoic deposits, &c. of the coastal 
region of N. Chile, 7-14 & pls. iu, 
viii; of the Altaplanicie, 27 et seqq. 

Midderidge Quarry (Durham), Mag- 
nesian Limestone of, 248 w. chem. 
anal. 

Middle Coal-Measure flora of Kent, 
55 et seqq. & pls. xi—xiii. 

‘Middle Glacial,’ use of term, xi—xii. 
MippteEmiss, C. §S., Lyell Medal 

awarded to, liv—Ivi. 
Mitne, J., obituary of, lxxi—Ixxiii. 
Miocene of Victoria Nyanza region, 

&e., 128-62 & pls. xx-xxvi; Lr. 
Mioc. vertebrates & non-marine 
mollusca ibid., 163-98 fig. & pls. 
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xxvii-xxx ; Miocene (Upper) of Seo 
de Urgel, Dryopithecus fontant 
from, 316-20 figs. & pl. xliv. 

MircHEtL, F. J., obituary of, lxxxi. 
Morr, J. R. [on Paleoliths, &c.], ii, 

X-Xi. 
Monophyllitide, classification of, 359. 
Monzonite, garnetiferous, of Huntly 

district, 270, 275-76 & chem. 
anal. A 

Morro de Arica (Chile), 7 et seqq. 
Munrzo, J. McV., 226. 
MuRCcHISON medal awarded to W. A. 

E. Ussher, lii-liv; M. Fund, award 
to F. N. Haward, lvii; M. medal- 
lists, list of, xxxvi; recipients of 
M. Fund, list of, xxxvii. 

Murram (ancient ironstone soil) in 
Victoria Nyanza region, 188, 139, 
145 et seqq. 

Myohyraz oswaldi, gen. et sp. nov., 
169-71 & pl. xxviii. 

Nafooey, Lough (Galway), Ordovician 
& Silurian of district, 104-18 figs. 
& pls. xvi—xvii. 

Najanja Hills (Victoria Nyanza), 155. 
Names of Fellows read out, cil, civ. 
Natal, Govt. geol. map presented, 

Xv1. 
Necks, see Ash-necks. 
Neoliths found in Victoria Nyanza 

region, 136. 
Nepheline-basalts & nephelinites in 

Victoria Nyanza region, 135 et seqq., 
140-41 et seqq.; nepheline absent 
in Eildon complex, 313, 315. 

Netherfield (Sussex), zine-blende fr. 
Upper Purbeck of, xiv. 

Neuropteris ovata, 71-72 & pl. xi. 
New Jersey (U.S.A.), Geol. Surv. map 

presented, ci. 
Newton, R. B., 48; award fr. Wol- 

laston Fund to, lvi; on some Non- 
Marine Molluscan Remains from 
the Victoria Nyanza Region, asso- 
ciated with Miocene Vertebrates, 
187-198 & pl. xxx. 

Newton, EH. T., [on Mammalian 
Remains, &c. fr. La Colombiére], 
x¢Vli—xeviil, 

NicuHo.as, T. C., the Geology of St. 
Tudwal’s Peninsula, Carnarvonshire 
[title only], xv; the Trilobite 
Fauna of the Middle Cambrian of 
St. Tudwal’s Peninsula, Carnarvon- 
shire [title only], civ. 

Nira (Victoria Nyanza), Mioc. deposits 
of, 130 et seqqg., 159-61 & pls. xx, 
XXvVl. 

ih Es ew 

GENERAL INDEX. / [Dec. 1914, 
Norfolk, suplgmeete & fractured 

North Head (Otago Harbour), sequence ° 
of lavas at, 382-408 figs. & pls. lii— 
liv. 

North-Western Drift (E. Lane 201,. 
204-207. 

Norites of Huntly district, 269-70, 
272-73, 282-91 w. chem. anals. & 
pls. xexxvili_xxxix (micro. sects.). 

Number of Fellows, xvii, xxvili-xxix. 
Nundowat peak (Victoria Nyanza), 

141-42 & pl. xxi. 

Odontopteris britannica, 72 & pl. xiii. 
Officers (& Council), election of, xxxi. 
Old Red Sandstone (Upper) of Melrose — 

district, relat. of igneous rocks to, 
304-305 ; see also Devonian. 

Olivine-gabbro of Huntly district, 
273-74 & pl. xxxvill. (microscop. 
sect.). 

Oolitic Magnesian Limestones, 235, 
239, 264 & pl. xxxvii. (microscop. : 
sects. ‘ , 

Orange Free State, see Vredefort. 
Ordovician (& Silurian) of Lough 

Nafooey — area, 104-18 figs. & 
pls. xvi—xvil. 

Orthophyric trachytes of Melrose 
district, 306, 309 & pl. xli (micro-. 
scop. sect.). 

Ostrea_ bellovacina, specims. 
ligament, c. 

OswaLp, F., the Miocene Bade of 
the Victoria Nyanza & the Geolog 
of the Country between the Lake 
& the Kisii Highlands, 128-62 & 
pls, xx—xxx. 

Otago Harbour, see North Head. 
Overfiow-channels (Glacial drainage) 

in E. Lanes., 216-25 & pls. xxxi- 
XXXii, XXXiv—xxxv (maps). 

Oxney Borne (Kent), to Measure 
flora of, 68-70. 

showg. 

Paleolithic (?) engraving on bone fr. a 
Sherborne, 100-103 fig.; see also 
Piltdown. - 

Paleoliths, exhibited & discussed, 
ii-xii; in Piltdown gravel, 82 et 
seqq. & pl. xiv. 2 

Paleozoic of Eastern Cordillera, &e., 
43-45 ; (& Mesozoic) of the Alta- a 
planicie, 27 et seqq. * 

Paraphiomys pigottr, gen. et sp. NOV. | Bs Tn 
177-78 & pl. xxviii. . J 

PARKINSON, J. [exhibits specims, fr. 
Lake Magadi, &e. |, ci. : 
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Parsons, H. F., obituary of, lxxix— 
lexy: 

Pavuow, A. P., elected For. Member, 
cil. 

Pracu, B. N., 314. 
Pecopteris arborescens (?), 73 & 

pl. xi. 
crenulata, 73 & pl. xi. 

Peematites of Huntly district, 271, 
272: of Gunong Bakau, 372-73. 

Pelitie Schists, 321 et seqq. 
Penny, F. W., on the Relationship 

of the Vredefort Granite to the 
Witwatersrand System, 
digs. & pls. xlvi—xlvii. 

Permian of the Altaplanicie, 29-30 
& pl. vi. 

Permo - Carboniferous (or Carboni- 
ferous) of Titicaca district, 30-37 
& pls. vili—ix (foss.). 

Peru, see Andes. 
Phonolites of Homa district, 155-56 ; 

of North Head (Otago Harbour), 
382 et seqq. figs., 388, 390, 392, 393 
et seqq. w. chem. anals. 

Phyllite of Huntly district, 279; 
in Victoria Nyanza region, 138. 

Phylloceratida & Phylloceratide, 
classification of, 359. 

Picrites of Huntly district, 274-75. 
PIDGEON Fund, see DANIEL-PIDGEON 

Fund. 
Piercebridge (Durham), Magnesian 

Limestone of, 248 w. chem. anal. 
PicorT, D. B., 128, 129. 
Pillow-structure in augite-andesite, 

8,10-11 & pl. ii; pillow-lavas of 
Lough Nafooey area, 105-106 fig. 
& pl. xvi, 116. 

Piltdown (Sussex), human skull & 
mandible, &c. from, 82-99 figs. & © 
pls. xiv—xv. 

Platyspermum vugosum, 
Dp), nk 

Pleuracanthitide, use of term, 356-— 
58; classification of, 359. 

Pliocene deposits in Victoria Nyanza 
region, 157-58. 

Plutonic core of Western Cordillera, 
14-18. 

Pocock, R. W., [exhibits Ostrea 
bellovacina w. ligament], c. 

Podocnemis exgyptiaca (?), 182-83 
figs. : 

Poncin, see La Columbiére. 
Positonomya escuttiana, sp. nov., 9 

& pl. viii. 
Post-Glacial denudation, problems of, 

Ixxxv—xcvi. 
PosTLETHWAITE, J., award fr. Lyell 

Fund to, lviii. 

74-75 & Or 

GENERAL INDEX. 

328-34 

417 

PRESTWICH medallists, list of, x1. 
Pristichampsa (?), Lr. Miocene, 185 

& pl. xxviii. 
Prodremotherium (2), Ly. 

176. 
Productids, semireticulate, fr. Titicaca 

district, 34-35 & pl. viii. 

Productus cora, 33. 
aff. spinulosus, 338-34. 

Protopterus sp. (Lr. Miocene), 163. 
Pseudelurus (?) africanus, sp. nov., 

178-79 & pl. xxix. 
Pseudo-breccias (structures in Mag- 

nesian Limestone), 256-57. 
Psiloceras hagenowi, see Psilophyl- 

lites. 
Psilophyllites, gen. noy., 351. 
Purbeck (Upper) of Netherfield, zinc- 

blende from, xiv. 
PycrRaFrt, W. P., 91. 
Pyroxene-andesite of Mt. Tacora, 

22-23 & pl. vil (microscop. sect.). 

Miocene, 

Quartz - augite - diorite in Victoria 
Nyanza region, 144-45; quartz - 
hypersthene-norite of Ancolocalla, 
13-14 ; quartz-ironstone breccia in 
Mioc. of Victoria Nyanza region, 
130 et seqqg., 188 et seqq. ;. quartz- 
porphyries of Melrose district, 
311-12 ;. quartz - porphyrite of 
Najanja Hills, 155; quartz-soda- 
porphyrites intrusive in Witwaters- 
rand Beds, 329 & pl. xlvi (micro- 
scop. sects.); quartz-topaz vein- 
rock of Gunong Bakau, 365-66. 
figs., 367-72 & pls. li-lii; origin 
of do., 374-77; quartz-trachytes 
of Melrose district, 305, 306 & 
pl. xli (microscop. sect.). 

Quartzite escarpment of Kisii High- 
lands, 148 et seqq.; quartzites in 
Witwatersrand System, 329 et 
seqq. 

Quartzitic sandstones in Kisii High- 
lands, 149, 152 & pl. xxiii. 

Rabur Hill (Victoria Nyanza), 138. 
Radiolarian cherts (Arenig) of Lough 

Nafooey area, 107-108 & pl. xvii 

(map). 
Radstock (Somerset), Meganewra fr. 

Coal-Measures of, 119-27 fig. & 
pls. xvili-xix. 

Rainfall investigations, xciii. 
Raisby Hill (Durham), Magnesian 

Limestone of, 248 w. chem. anal. 
Ratcliffe Hill (E. Lanes.), overflow- 

channel near, 228 & pl. xxxii. 
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‘ Reaction-borders ’ in Gunong Bakau 
rocks, 370 et seqg. & pls. li-ln; 
use of term, 381. 

Red Crag, implements fr. base of, 
ii, xx, xi. 

Regur (black cotton-soil), 135, 139, 
142-43, 155. 

Reyno.ups, S. H. (& C. I. Gardiner), 
the Ordovician & Silurian Rocks of 
the Lough Nafooey Area (County 
Galway), 104-18 figs. & pls. xvi-— 
Xvil. 

Rhinoceros ef. etruscus, 92 & pl. xiv. 
—— (Lr. Miocene), 176—77 & pl. xxviii. — 
Rhynchonella cf. obsoleta, 10. 
Rhyolites & rhyolitic tuffs of Western 

Cordillera, 19-21 & pl. iv. , 

Rhymers Glen (Roxburghshire), fel- 
sitic dyke of, 311; ash-neck S.E. 
of, 313. 

Ribblesdale Drift, 201, 202-204. 
RiptEy, H. N., [on stone-imple- 
ments |, Vi 

Riebeckite-bearing rocks in Melrose 
district, 306 et seqg. & pl. xli 
(microscop. sects.). 

Ripple Boring (Kent), Coal-Measure 
- flora of, 66—67. 
Rivers, investigation on amt. oe dis- 

charge, &c., xci ef seqq. 
Roparts, N. F., fon ‘ Eoliths ‘|S wit. 
Rockall, een of, xcix—c. 
Rockallite, composition of, 

w. chem. anals. 
Rosensuscu. H., obituary of, lix—lxi. 
Rostro-carinate flints, 11, v—vi, xX, Xi. 
Rumania, Geol. Surv. map presented, c. 
Rungwena basalt (Victoria Nyanza), 

141, 
RvuxTON, J., 365. 
Ryhope (Durham), Magnesian Lime- 

stones of Asylum Quarry, 240 w. 
chem. anals. 

294-302 

‘St. Leonard’s Phonolite, re-named 
‘trachydolerite, 388. 

Samaropsis meachemi, 74 & pl. xiii. 
Samarospermum moravicum, 74 & 

pl. xi. 
Sanidine-trachytes of Melrose dis- 

trict, 305, 307-308, 311,312; sani- 
dine-porphyry in Eildon Hills, 308. 

‘Savernake (Wilts), vi. 
Scaphrocelia boliviensis, 39. 
Schorl-rock ‘ reaction-borders,’ 

et seqq. & pls. li-lii. 
ScHUMACHER, H., 48. 
Scriater, P. L., obituary of, lxxxi. 
Scotland, Geol. Surv. maps presented, 

XCVill, Ci. 

370 
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Scorr, W. B., elected For. Member, 
ciil. 

ScRIVENOR, J. B., the Topazcbencenee Bi 
Rocks of Ginoue Bakaru (Fede- 
rated Malay States), 363-81 figs. & 
pls. lili. 

Seaham Harbour (Durham), Maxie 
sian Limestone of, 235 w. chem. 
anal. & pl. xxxvii (microscop. sect.). 

Segregation (& dedolomitization) in 
Magnesian Limestones, 251-56. 

Selsey Bill (Sussex), v, x. 

Seminula ambigua mut., 32-33" & 4 
pl. viii. 

Seo de Urgel (Spain), Dryopithecus 
Fontan from, 316-20 figs. & pl. xliy. 

Sericite- porphyroids of Kage Gorge, 
&e., 149, 152. 

Sericitie chlorite- schist in Kase High- 
lands, 148. 

Serpentine of Huntly district, 268. 
Severn R., profile of gradient of, faeg. 

p. xe. 
Sgorr a’ Choise Slide, 326. 
Shell Limestones (Magnesian), 239-43 

w. chem. anals. & pls. xxxvi-xxxyii 
(microscop. sects,). 

Sherborne (Dorset), Paleolithic (?) 
engraving on bone from, 100-103 
it 

Sherburn Hill (Durham), Magnesian 
Limestone of, 248 w. chem. anal. 

- Shildon, see Thickley. 
SHRUBSOLE, O. A., 
&e. |, vi-vii. 

Sills (& lene in neighbourhood 
of Melrose, 303, 305-10 & pls, xli— 
xiii. . 

Silurian (& Ordovician) of Lough. 
Nafooey area, 104-18 figs. & 
pls. xvi—xvii. 

Simbi, crater-lake of (Victoria Ny- 
anza), 156 & pl. xxiv. 

Sinaitic Peninsula, fractured stone 
from, xii. 

SLATER, H. K., obituary of, lxxxii. 
Slides (fold-faults) in Loch Creran 

area, 324-26. 
South Africa, Geol. Surv. map pre- — 

sented, xvi; see also Vredefort. 
SmitTH, Epear A., 189. 
SmirH, G. E., on the Exact Deter- 

mination of the Median Plane of 
the Piltdown Skull, 93-97 figs. 

Smity, R. A., [on Palzoliths, &e.), 
viii-ix. if 

Soda-porphyrites, see Quartz- soda- f 
porphyrites. 

fon Paleoliths, 

Souuas, W. J., 48; [on rostro-eari- aa 
nate flints, &e. ], V—vi. 

[Dec. 194; 9 
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Spatu, L. F., on the Development of 
_ Tragophylloceras loscombi (J. Sow- 
erby), 356-60 figs. & pls. xlviii-l. 

Sphenophyllum myriophyllum, 70 & 
pl. xii. : 

Sphenopteris schatzlarensis, 71 & 
pl. xii. ; 

schillingst, 71 & pl. xiii. 
Spilites (pillow-lavas) of Lough Na- 

fooey area, 105-106 fig. & pl. xvi, 
116. 

Spirifer condor, 32 & pl. ix. 
Staurolite-rock, 330 & pl. xlvi (micro- 

scop. sect.). 
STEEL, R. E., 100. 
Stegodon sp. fr. Piltdown gravel, 92. 
Stodmarsh Boring (Kent), Middle 

Coal-Measure flora of, 64. 
Storey, C., 129. 
Srrawan, A. [on Paleoliths, &c.], ii; 

{addresses to recipients of Medals 
& Funds], 1 et seqq.; | obituaries of 
deceased Fellows, &c. |, lix et seqq. ; 
[on Problems of Post-Glacial De- 
nudation], Ixxxy—xcvi w. folding- 
plate. ~ 

StratHcona, Lorp, obituary of, 
Ixxvii—-Ixxviii. 

Suffolk, implements fr. base of Red 
_ Crag, &c., ii, ix—x, xi. 
SutciiFFre, W.H., 129; obituary of, 

Ixxxi. 
Swanscombe (Kent), iv, v, viii. 
Sweden, Geol. Surv. maps presented, 

cil. 

Taapaca, Mt. (Chile), 4 et seqq. & pl. i. 
Tarannon Series in Lough Nafooey 

area, 111-12 & pl. xvii (map). 
TEILHARD DE CHARDIN, —, 85. 
Terebratula cf. maxillata, 10. 
‘Terminal curvature’ of rocks under- 

lying Glacial Drift, 209, 227 & 
pl. xxxiii (map). 

Teschenite at Langueh, 154. 
- Testudo crassa, sp. nov., 180-82 & 

pl. xxvii. 
Tetrabelodont (Lr. Miocene), tibia of, 

166 fig.—67. 
Thalassoceratide, classification of, 

359. 
Thickley Quarry (Durham), Magne- 

sian Limestones of, 247-48 w. chem. 
anals. 

Tuomas, Herspert H., 292, 381; 
[re-elected Secretary |, xxxi. 

Tuomas, J. R., 2. 
TIDDEMAN, R. H., cii. 
Tilmanstone Sinking (Kent), Coal- 

Measure flora of, 57. 
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Tiquina, Straits of (Bolivia), sect. 

across, 30, 
Titicaca district (Bolivia), Carboni- 

ferous or Permo-Carb. of, 30-37 w. 
sect. & pls. viii,ix; Titicaca, Lake, 
origin of, 40-43. 

Tonalites of Western Cordillera, 16. 
Topaz-bearing rocks of Gunong Ba- 

kau, 363-81 figs. & pls. ilu. 
Tourmaline-pegmatites of Cata, 15- 

16; of Huntly district, 271-72; 
tourmaline-vein of Jamiraya, 16; 
see also Schorl-rock. 

Trachydolerites of North Head (Otago 
Harbour), 382 et seqq. figs., 388, 
389, 393 et seqq. w. chem. anals. 

Trachytes (or trachy-andesites) of 
Western Cordillera, 21-22; of 
Mauri R., 26; of Melrose district, 
305-10 & pl. xli (microscop. 
sects.), 311; use of term, 315; 

trachytes of North Head (Otago 
Harbour), 382 et seqq. figs., 392, 
393 et seqq. w. chem. anal. 

Tragophylloceras loscombi, develop- 
ment of, 336-62, figs. & pls. xlviii—l. 

Transition Coal-Measure flora of 
Kent, 55 et seqq. & pls. xi—xiii. 

Trapham, see Wingham. 
Travertine in Mioec. of Victoria 

Nyanza region, 130 et seqq. 
TRECHMANN, C. T., the Scandinavian 

Drift of the Durham Coast, & the 

General Glaciology of S.E. Durham 
(title only], cii.; on the Lithology 
& Composition of Durham Mag- 
nesian Limestones, 252-64, 265 w. 

chem, anals. & pls. xxxvi—xxxvii 
(microscop. sects.). 

Trionyx sp. (Lr. Miocene), 185. 
Troctolite of Huntly district, 274. 
Tropidophora nyasana, 194 & pl. xxx. 
Trow Rocks (Durham), Magnesian 

Limestones of, 248-45 w. chem. 
anals. 

Trust Funds, statements of, xlvi—xlviii, 
TSCHERNYSCHEW, T.N., obituary of, 

lxii—Ixiv. 
Tuffs (Arenig) of Lough . Nafooey 

area, 107-108 ; tuffs in Victoria 
Nyanza region, 145, 154; post- 
Miocene, of North Head (Otago 
Harbour), 382 et seqq. 

Tunstall Hill (Durham), Magnesian 
Limestones of, 241 w. chem. anals. 

TuTCcHER, J. W., 126. 
Tuthill Quarry (Durham), Magnesian 

Limestones of, 246 w. chem. anals, 
Tweefontein, see Vredefort. 
TYRRELL, G, W., 314. 
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UnbERWooD, A.S., 91; [on dentition 
of Piltdown skull], 99. 

Unduavi (Bolivia), granite of, 46. 
UssHER, W. A. E., Murchison Medal 

awarded to, oe 

Van Hise, C. R., elected For. 
Corresp., Cill. 

VaucHan, A., 48; Correlation of 
Dinantian & Avonian [title only |; 
xevil. 

Vergenoeg, see Vredefort. 

Victoria Nyanza, Miocene of (& geol. 
of country betw. Kisii Highlands & 
V.N.), 128-62 & pls. xx—xxvi; Lr. 
Mioc. vertebrates & non-marine 
mollusea fr. V. N. region, 163-98 
figs. & pls. xxvii—xxx. 

VipaL, L. M., 316. 
Vingo (Kisii Highlands), 149. 
Voleanic rocks of Western Cordillera, 

18-23: of Melrose district, 303 et 
seqq.; see also Lavas, Trachytes, 

fC. 

Vredefort Granite, relationship of, 
to Witwatersrand System, 328-35 

figs. & pls. xlvi-xlvi. 

Wauace, A. R., obituary of, lxxxiii— 
Ixxxiv. 

WALLER, —, 129. 
Walmestone Boring (Kent), Middle 

Coal-Measure flora of, 62-63. 
Walsden (Lanes.), Glacial Drift in 

district, 205 et seqq.; Walsden 
Series of lakes & overflow-channels, 
220-23 & pls. xxxi-xxxil. 

WASHINGTON. H. S., the Composition 
of Rockallite, 294-301 w. chem. 
anals. 

WaRREN, S. H., [on Paleoliths, &c.], 
iii-iv, xi; [elected Auditor], xv. 

Warr, W. R., Geology of the 
Country around Huntly (Aberdeen- 
shire), 266-92 figs. & pls. xxxvili— 
vals 

Warts, W. W. 292; [receives award 
fr. Lyell Fund for W. Howchin], 
lvil. 

Wenlock Series in Lough Nafooey 
area, 112 & pl. xvii (map). 

West Hartlepool (Durham), Mag- 
nesian Limestone of, 238 w. chem. 
anal. 

Western Cordillera (& coastal region), 
geology of, 7-23. 
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‘ Western Series’ (HK. Lanes.) of lakes 
& overflow-channels, 223-25. 

White Hill (Roxburghshire), ortho- 
phyric trachyte of, 305-306. 

Whitelaw Hill sill (Roxburghshire), 
310; porphyry-dyke N.W. of, 311. 

Wind Hill (EK. Lanes.), overflow- 
channels near, 228 & pls. xxxi— 
XXXTy 

Wingham Boring (Kent), 
Coal-Measure flora of, 62. 

WINGRAVE, W., 359. 
Winter Hill (Lanes, ), N.W. Drift on, 

207. 
WINwoop, Rev. H. H., [on Palzo- 

liths, &c.], vi 
Witwatersrand System, relationship 

of Vredefort Granite to, 328-35 
figs. & pls. xlvi—-xlvii. 

WoOLLASTON medal awarded to J. E. 
Marr, l-lii; W. Fund awarded to 
R. B. Newton, lvi; W. medallists, 
list of, xxxiv; recipients of W. 
Fund, list of, xxxv. 

Woodnesborough Boring (Kent), 
Coal-Measure flora of, 59-60. 

Woopwarp, A. S., 48, 129; [elected 
President], xxxi; [obituary of A. 
Fritsch |, 1xi—lxii; onan Apparently 
Paleolithic Engraving on a Bone 
from Sherborne (Dorset), 100-101 
fig., 103; on the Lower Jaw of an 
‘Anthropoid Ape (Dryopithecus) 
from the Upper Miocene of Lérida 
(Spain), 316-20 figs. & pl. xliv; 
(& C. Dawson), Supplementary 
Note on the Discovery of a Palzo- 
lithic Human Skull & Mandible at 
Piltdown (Sussex), 82-93 figs. & 
pls. xiv—xv. 

WoopwakbD, Horace B., obituary of, 
lxxitl—Ixxvi. 

Woopwarp, Henry, [obituary of 
I. Cocchi], Ixviii—lxix. 

Middle 

Yungas, see Andes. 

Zandfontein & Zyferfontein, see 
Vredefort. 

Zine-blende fr. Upper 
Netherfield, xiv. 

Zinnwaldite in Gunong Bakau rocks, 
369-70. 

Zoisite-hornblende rock of Rabur, 
138; do. of Gongogongo, &e., 147 ; 
zoisite-hornstone nr. Langueh, 
153-54. 

Purbeck of 
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PROCEEDINGS 

OF THE 

GEOLOGICAL SOCIETY OF LONDON. 

SESSION 1913-14. 

November 5th, 1913. | May, 
} 

Dr. AUBREY STRAaHAN, F.R.S., Bicsdent, in the 

The List of Donations to the Library was read. 

The following communication was read :— 

‘Geological Sections through the Andes of Peru and Bolivia.’ 
By James Archibald Douglas, M.A., B.Sc,, F.G.S. 

Rock- -specimens and lantern-slides were exhibited by the Author, 
in illustration of the above paper. 

————EE 

November 19th, 1913. 

Dr. AUBREY STRAHAN, F.R.S., President, in the Chair. 

Francis Matthew Ball, Royal Colonial Institute, Northumberland 
Avenue, W.C.; William Noel Benson, B.Sc., Emmanuel College, 
Cambridge; Horas Tristram Kennedy, B.A., 14 Hume Street, 
Dublin; Stanley Eli John Lock, B.Sc., 20 Bradford Road, 
Trowbridge (Wiltshire) ; William Wylie Macalister, Ceres, 
St. Mildred’s Road, Lee, S.E.; Charles Henry McCale, Sitarampur 
P.O., E.LR., Bengal (India); and Vivian Mortlock Studd, 23 
Montpelier Square, S.W., and Elmhurst, Camborne (Cornwall), 
were elected Fellows of the Society. 

The List of Donations to the Library was read. 
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No papers were read, but in response to the invitation issued on 
November 5th, eighteen or more exhibits were made of implements 
and reputed implements of Paleolithic and earlier age, and of flints 
showing various types of fracture. 

The Prestpent (Dr. A. Strawn), in opening the proceedings, 
said that the subject which had come before the Society for con- 
sideration was partly of anthropological interest, but fell also within 
the limits of geology. For the exhibits included specimens of flints 
from strata ranging in age so far back as the base of the Crag; 
and the determination of the age of the strata was clearly a matter — 
for geological investigation. 

The specimens exhibited included some for which evidence of 
human workmanship was claimed with much confidence, but with- 
out having obtained universal acceptance. There were also shown 
series of flints illustrating the manifold forms of fracture which 
are attributable to natural causes. A comparison of these with the 
reputedly artificial forms could not fail to be instructive. 

A large number of flints, for which a human origin was claimed, 
had#been found lying on the surface or embedded in the soil. 
These were chiefly of anthropological interest. 

He considered that there were four lines of enquiry of primary | 
importance :— 

(1) Were the specimens obtained in situ in a geological formation ? 

(2) What was the geological age of the formation ? 

(3) Did the flints show indubitable proof of the handiwork of Man ? 

(4) Could such a sequence of types of implements be established in this 
country as to enable geologists to use implements as zone-fossils in 
the deposits of the Human Period ? 

_ He then called upon each exhibitor to explain briefly the nature 
and object of his exhibit. 

Mr. J. R. Morr exhibited specimens which included (1) imple- 
ments from the base of the Suffolk Red Crag, comprising the 
well-known rostro-carinate type, borers, pointed forms, flakes and 
scrapers : also some Cetacean bones which presented the appearance 
of having been fashioned by man; (2) flints flaked by the exhi- » 
bitor, showing the various stages in the manufacture of a rostro- 
carinate implement; (3) four groups of implements from the 
Middle Glacial gravel underlying Boulder Clay; (4) a series of 
implements from the Boulder Clay; and (5) a series of implements 
of the Strépy type of M. Rutot, from a Glacial gravel apparently 
later in age than the Boulder Clay. 

Mr. F. N. Hawarp exhibited a series of bulbs of percussion and 
facetted flints, many with edges chipped on one or more sides, 
from Glacial gravels and the Cannon-Shot Gravels of Norfolk. He 
pointed out that the large rounded flints from the Cannon-Shot 
Gravels were a mass of cones of percussion, some exhibited being 
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14 inches in diameter at the base, and of character similar to 
those produced artificially. From a Glacial gravel at Lenwade 
specimens were shown of tabular flints with chipped edges, and 
others which simulated closely the ‘ hollow scraper’ and ‘ one-edge’ 
work usually attributed to the hand of Man. From gravel at 
Tuddenham, full of split flints fresh from the Chalk, the edges of 
the flints exhibited were chipped almost entirely from one side: ~ 
this chipping he attributed with confidence to natural agencies. 
For some years he had been working at certain types of chipped 
flints which some would consider artefacts, but concerning which 
he had grave doubts; and he had collected a large series from a pit 
at Eaton, near Norwich. This pit from its basement-bed, which 
is 1 foot thick, yielded a remarkable series of flints with chipped 
secondary edges of various shapes. The basement-bed consisted of 
three zones: the lowermost zone was made up of Chalk in process 
of disintegration. The middle zone consisted entirely of much- 
fractured Chalk-flints, many of which come away as a mass of 
splinters and contain bulbous flakes: the splitting of these flints 
was due to crushing zm sztw under great pressure, but the flakes 
show little or no secondary chipping. The top zone yielded all the 
chipped specimens that he exhibited, and he pointed out that they 
all came from one face of the pit; that they were collected in a 
horizontal distance of 12 feet; and that they were picked out by 
hand. The specimens are generally scratched all over, and many 
show remarkable selective work on one edge. 

A like series was also exhibited from a similar basement-bed at 
Harford Bridges. They also occur at East Runton, and in many 
other places where the basement-bed is exposed. The so-called 
‘implements’ generally occur where the basement-bed is most 
crowded with flints. 

In'the speaker’s opinion, these chipped flints were simply the 
result of crushing by natural forces which acted during the cutting 
away of the Chalk, either by ice or snow before the gravels. were 
deposited, or by lateral movement in the gravels under great 
vertical pressure. Whenever a moving stone impinged on the sharp 
edge of a stationary flint, chips would be flaked off the flint along 
the lines of least resistance; but when the sharp edge of the flint 
is turned away from the impinging force no chipping will ensue. 
As regards the direct proof that these chipped flints were Nature’s 
work, it was next to impossible to reproduce the conditions under 
which the natural chipping took place, and to make observations in 
a gravel buried under hundreds of tons of soil, ice, and snow. The 
speaker had, however, been able to exhibit naturally-chipped flints 
which owed their character to the foundering of a mass of gravel 
in a pipe, the gravel breaking through a layer of flints in the Chalk. 

Mr. S. H. Warren, in exhibiting the results of certain ex- 
periments upon flint, said that he wished to make it clear that 
these experiments were not conducted from the point of view of 
proving what Nature could do by the attempted simulation of 
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natural causes, but from the point of view of investigating the 
properties of flint. What he was endeavouring to elucidate by 

experiment was the manner in which flint chipped when subjected 

to forces of measured strength applied in different directions. 
Many methods were being used, one of which was that of move- 
ment under pressure of a sled, which could be loaded at will with 
different weights. This process resulted in the reproduction of the 
Kentish form of ‘olith,’ a load of 250 Ibs. being sufficient 
for the production of most of even the larger forms. It was, 
however, insufficient for the reproduction of the big chipping 
often present upon the sub-Crag flints. | 

In considering subsoil pressures, in a soil of medium weight 
(a clay-with-flints) a stone having a superficial area equal to a 
rectangle of 8 by 63 inches was under a pressure of 250 lbs. at 
slightly less than 6 feet below the surface; at a depth of 50 feet 
the same stone would be under about 9 times that pressure, while 
beneath 500 feet of ice it would be under 40 times that pressure. 
It was important to remember that striated surfaces were associated. 
with both the Kentish ‘ Koliths’ and the sub-Crag flints, and these 
pointed to the conclusion that strong movements under pressure 
had actually operated upon the flints in question. 

Although the speaker did not wish to postulate too close an 
analogy between experimental and natural conditions, yet, if, 
broadly speaking, the chipping properties of flint discovered by 
experimental investigation could be relied upon as also applying 
under natural conditions, then such chipping as was seen on the 
flints in dispute might theoretically be expected to occur. 
A small series of chipped flints obtained from the base of the 

Tertiary beds at Harefield was also exhibited. In this section the 
bulbous chips could be found in the facets of the parent blocks, 
from which they had been forced away by the operation of subsoil 
pressure. 

Myr. A. S. Kenwarp exhibited, on behalf of Mr. B. Harrison, 
a series of Koliths from the Chalk Plateau of West Kent. This 
type of worked flint was first described by the late Sir Joseph 
Prestwich, and had formed the subject of a considerable literature. 
It is obvious that the Paloliths cannot be the earliest efforts of 
man, and, although some of the stratigraphical evidence of the 
Plateau is conflicting, yet, on the whole, it would appear that the 
*Eoliths’ are older than the Paleolithic gravels. This is clearly 
seen at Swanscombe, where the ‘ Koliths’ are certainly derivatives. 
In South Africa a similar sequence can be shown, and this is of 
the utmost importance. It was quite impossible to say definitely 
where the work of Nature ended, and that of Man began. It 
was purely a personal matter, but the speaker was confident that 
many of these rudely-chipped flints were human artefacts. As a_ 
group, they differed from the sub-Crag flints and many other 
so-called ‘ Eoliths.’ 
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Colonel A. W. Jamieson exhibited a series of specimens that 
he had collected in the south-east of Hampshire, and he wished to 
draw attention to this district, for he thought that it deserved 
more consideration than it had yet received. The area is bounded 
on the north and west by the Meon, on the east by the Sussex 
border, and on the south is the Undercliff of the Isle of Wight. 
This country is strewn with worked flints of all ages, especially so © 
from the Chalk-summit to the sea. | 

Worked flints were furnished by a series of gravels on the marine 
plain, summarized on the geological mapas Plateau Gravel. The 
sections are good, and constantly varying on account of the rapid 
destruction of the coast. 

The bottom layer of these gravels, which rests on denuded 
Bracklesham Beds, consists of Arctic Drift full of igneous erratics 
and crowded with flints of café-au-lait and ochre colour, to- 
gether with subangular masses cut about in a manner similar to 
those exhibited by Prof. Sollas. So-called ‘ Eolithic’ forms are 
abundant. Upwards early Paleolithic layers follow, with the con- 
ventional Drift-types, several of which were shown. On the top is 
the brick-earth or less, crowded with worked flints which have 
the appearance of being Aurignacian. They include steep-sided 
side-scrapers and segmental tools. In this deposit the speaker had 
discovered a human skeleton, mznws the skull, the bones of which 
were now undergoing examination by Prof. A. Keith. Above 
the marine plain a point of interest is the conspicuous hill of 
Portsdown, which has yielded a vast number of flints, worked 
on one side, shorn off flat on the other, and bearing conspicuous 
cones and bulbs of percussion. 

The high Chalk of the interior is in places patched with 
Clay-with-Flints that has withstood destruction, and is rich in 
fabricated flints, which, in the speaker’s opinion, are chiefly 
Mousterian. 

Implements were also shown from Catherington, Hixton, Wind- 
mill Hill, and Blendworth, the last-named locality being rich in 
segmental tools and half-finished work showing huge cones of 
pereussion. The speaker urged the view that the Clay-with-Flints 
was a formation cozval with the history of Man. 

~ Prof. W. J. Sonnas exhibited a series of specimens to illustrate 
the production of ‘rostro-carinate’ forms of flint by natural agencies. 
One from the top of the Chalk at Swanscombe showed jointing 
im situ, and some from the beach under the Chalk cliffs of Alum . 
Bay showed the effects of wave-driven pebbles; but the great 
majority were obtained by Mr. E. Heron-Allen from the beach 
at Selsey Bill, and it was to these that attention was especially 
directed. If they were all of human workmanship—Sir E. Ray 
Lankester’s contention '—, there would be no difficulty in accounting 

1 [This is not Sir E. Ray Lankester’s view: I regret that I have erroneously 
attributed it to him.-—W. J. S., December 12th, 1913. | 
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for the characters which they possess in common, notably their 
abundant and bold flaking; but then the fact that some examples. 
were bounded on one side by planes of Pleistocene age, and on the 
other by planes of recent origin, would remain unexplained. Tf, on 
the other hand, only certain specimens were selected as artefacts—_ 
Mr. J. R. Moir’s interpretation—, then it became difficult to explaim 
the flaking which they all possess in common; and the fact will 
still remain that ‘ rostro-carinate’ forms may be produced by flaking 
of widely separate ages. Some of the flints showed recent chipping 
under circumstances which suggest that this had been produced by 
the blows of pebbles driven inland from the sea: that is, in one 
direction. Attention was also called to ‘rostro-carinate’ forms 
projecting from the side of a big boulder of flint. 

The Rev. H. H. Winwoop exhibited specimens of quartzite and 
flint-implements from the Broom, Farnham, and Knowle gravel- 
beds. His object was to show the gradation, from the well-worked 
implements of undoubted human origin, to the fractured specimens 
from the Brinkworth plateau-gravels 400 feet above O.D., the 
so-called ‘Eoliths,’ the origin of which is so much disputed. 
A porcellanous, or more probably altered-chert, implement from 
Somaliland and a  flint-specimen from the cave-shelter at 
Le Moustier, showed how universally this type prevailed. Especial 
attention was called to a broken flint found by himself in the Knowle 
gravel-pit at Savernake, which had a remarkable glaze over the 
surface, not only on the fractured but also on the old surface, the 
cause of which yet awaited explanation. . 

Mr. H. N. Riprey exhibited a series of stone-implements from 
the eastern coast of the Malay Peninsula, found in river-gravel and 
in one case on a bed of alluvial tin-ore. Nothing further is known 
of the race which made these tools, and it is certain that it has 
long been extinct. He showed, in addition, some modern Papuan 
weapons of stone, in order to illustrate the methods of fastening 
the stones to the handles, and some tanged sandstone adzes with 
shell-ornaments and spindle-whorls from the lake-dwellings of 
Kampong Thom in Cambodia, also of unknown date. 

Mr. O. A. Survupsore exhibited a few specimens from the a 
Reading district, in order to show difference of age and variety ; 
of use. The Koliths were from the gravel of the Easthampstead 
plateau (800 to 400 feet O.D.). The Paleoliths included hollowed | 
scrapers (highly developed from the Eolithic type), gimlets or drills,. 
knives (sometimes with a tang for insertion in a handle), saws,. 
choppers, pickaxes, and polishers: one of the last-named still bears. 
a finger-print of ancient Man. Heavy two-handed choppers also. 
occurred, identicai in form with a specimen shown from the base: 
of the Red Crag. Two at least of the Crag specimens were good 
Paleolithic types. He showed, in addition, three specimens of bone 
(radius and rib of Bos) which had been cut very neatly by a flint 
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instrument. ‘Two flint-implements were also exhibited which, by 
the difference of patina, indicated that they had been reworked at 
a much later date. 

Mr. W. Date exhibited a series of naturally-formed or naturally- 
fractured flints; these included an assortment of flakes caused by 
the bursting or expansion of the flint. One of these, on the base | 
of an Echinoid, remains 7m situ, and can be taken out and replaced 
in the cavity. Some specimens illustrated the ‘ starch-fracture’ 
arising from the partly crystalline nature of the flint, and producing 
irregular prisms. From implementiferous gravels he exhibited a 
quantity of the fossil organisms known as Coscinopora. In the 
Chalk these are imperfectly pierced, but in the gravel the holes 
become enlarged, and Sir Charles Lyell and Mr. Worthington 
Smith thought that they might have been used as ornaments. The 
specimens shown were obtained from a gravel-digger, who was in 

' the habit of placing them on strings. Flints which simulate 
Paleolithic implements in their form were also shown, and a col- 
lection of natural shapes somewhat resembling animal forms—one 
of them strikingly like a human head. The speaker would not 
have thought it worth while to show these last, but for the fact 
that the vagaries of the late Auberon Herbert had found another 
exponent, and the Journal of the British Archeological Association 
had this year published drawings of a number of these objects and 
advanced them to the dignity of artefacts. 

Mr. N. F. Rogarrs wished to draw particular attention to some 
of the Eoliths which he exhibited, found upon the plateau of the 
North Downs in Surrey, at 800 feet above O.D., near the crest of. 
the escarpment. Of these some were rolled, and it was therefore 
evident that they must have been derived from the Chalk dome 
which formerly existed over the Weald. 

Mr. G. W. Lameriuen showed a fragment of glaciated clay- 
stone of rectangular shape from the Boulder Clay of a Flintshire 
colliery-shaft, as an example of the artificial aspect occasionally 
brought about by natural fracture. The shape of this example 
was remarkably close to that of a manufactured whetstone. The 
speaker observed that, where the cause of fracture was uncertain, 
it became of prime consequence to know the proportion that selected 
specrmens bore to the total number examined: since, if the supply 
of naturally-fractured stones be unlimited, exceptional types, such 
as the specimen that he exhibited, must occasionally be found. 

Mr. W. H. Cook exhibited fifty examples of Eoliths and thirty 
Paleoliths collected from the northern flank of the Weald. As 
a result of his investigations, the speaker questioned the pre- 
Paleolithic age of the Eoliths of this area: for, during the last six 
years, he had found considerable numbers of Palzoliths lying in 
conjunction, with EKoliths on the surface, at levels ranging from 
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450 to 765 feet above O.D. The implements of both classes are 
in a precisely similar mineral condition, and the amount of abrasion 
is likewise common to both. A typical Kentish Kolith is a deeply- 
patinated nodule of flint with one or more of its edges chipped, 
such chipped edges being in general of a lighter ochreous patina- 
tion- than the other parts of the nodule. It was noteworthy that 
some of the deeply-patinated Palzoliths had a subsequent or re- 
chipped edge showing exactly similar characteristics in regard to 
pata and angle of chipping as the Eoliths with which they were 
associated. It had been said that Paleoliths did not occur beneath 
the humus, but the speaker had had excavations made at levels of 
450 and 520 feet above O.D. At the lower level he had found 
numerous Koliths and a rolled Paleolithic flake at a depth of 4 feet 
6 inches; and at a further depth of 2 feet he found unrolled 
unochreous Holiths. . At the higher level he had detected a 
much-rolled Paleolithic implement, in conjunction with numerous 
Koliths. He considered, therefore, that the contemporaneity of 
Koliths and Paleoliths was beyond doubt. 

Mere crudity of the fabrication of an implement could not be 
regarded as an indication of pre-Paleolithic antiquity: for, if that 
were allowed, many rudely-fashioned implements, found associated 
in the drifts of our river-valleys with the higher forms and on the 
surface with polished tools, would have to be regarded as of greater 
antiquity than the finished examples, whereas there was good evidence 
to the contrary. This claim to a pre-Paleolithic antiquity for 
implements of crude workmanship could not be upheld, when with 
them were found Paleolithic implements of Chellean and Acheulian 

- types, in precisely the same mineral condition and showing a lk 
_amount of abrasion. | 

Mr. Reetnatp A. Suiru referred to the type-series of flints from 
the excavations carried out in 1912 on behalf of the Geological 
Survey and the British Museum. The official account was about 
to be published by the Society of Antiquaries (‘ Archzologia,’ 
vol. xiv), and dealt with the 100-foot terrace-gravels at Milton 
Street, Swanscombe, long known as a most prolific site. The 
35-foot section of Pleistocene deposits contained three bands of 
gravel, separated by two bands of loam. The lowest gravel, resting 
on Thanet Sand, contained a large number of struck flakes, unrolled 
and without secondary chipping—but no implements in the ordinary 
sense of the term, though some chipped cylindrical nodules might be 

‘ regarded as of Strépy type. The Chellean types occur abundantly 
in the middle gravel, especially in its lower section, the industry 
higher in the same bed showing an approach to Acheulian forms; 
but, though the latter had been found from time to time in the pit 
and in the vicinity, no results were obtained during the excavations. 
Subsequently Mr. Dewey had acquired a series of unrolled Acheulian 
implements, mostly twisted ovates, from a bed corresponding to the 
upper gravel, in an adjoining pit. Hence the whole series, gene- 
rally known as the Drift, seemed to be represented in the 100-foot 
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terrace-gravels, as was also the case in the Somme Valley. This 
did not preclude the possibility of Drift-forms occurring in gravels 
at higher or lower horizons; and recent discoveries on the North 
Downs and other sites in the South-East of England suggested 
that some of the beds mapped as Plateau-Gravel were laid down 
or re-arranged in the period named after St. Acheul. 

The Prestpent (Dr. A. Srranan) then invited discussion on 
the above-mentioned exhibits. 

DISCUSSION, 

Mr. Water JOHNSON asked whether it was a fact that, at 
depths below 6 to 8 feet on the Kentish plateau, Eoliths only were 
found. The objection against the selection of types should not be 
pressed too far: for while, in extreme cases, selection resulted in an 
assemblage of absurd ‘figure flints,’ yet it was actually the plan 
followed in identifying Paleoliths—the searcher looked for imple- 
ments that corresponded to known types, which from previous 
experience he had come to regard as artefacts. Since Mr. Haward, 
in a recent paper, admitted that afew of the Eoliths might have 
been ‘humanly chipped,’ and since Prof. Sollas at the British 
Association a few years ago seemed willing to accept 1 or 2 per 
cent. as genuine, would it not be well for those gentlemen to 
indicate exactly which specimens they considered to show human 
workmanship, so as to help in the attainment of an approximate 
standard of agreement ? 

Prof. W. Borp Dawxtys said that this admirable exhibition 
brought clearly before them the fact, recognized by the French 
archeologists, that flints can be so broken by natural causes as to 
simulate the forms that have been made by Man—flakes and 
variously-chipped blocks. Consequently, in dealing with the 
antiquity of Man, it is necessary that the specimens on which it is 
based should be clearly proved to be artefacts. This, in his opinion, 
had not been proved in the case of the Ipswich finds, on which 
Mr. J. R. Moir and Sir E. Ray Lankester based their conclusion 
that Man was living in Suffolk in the Pliocene Age. The supposed | 
artefacts are probably caused by the pressure of the dead weight of 
gravel on the move down the slopes, or by other pressure, such as 
that of ice. On the question of the age of the deposits in which 
they are found, the archxologists must refer to Geology as a final 
court of appeal. They have no right to invent glacial periods, or 
to correlate strata in Britain with the glaciers in the Alps. 

The ‘ Eoliths’ are clearly proved to be due to natural causes, 
not only by their range throughout the gravels from the Eocene 
downwards, but by careful observations made in France and in 
Britain. 

In the Paleolithic enquiry too much stress has been laid on 
the various levels of the gravel-terraces, and Man has been treated 
as if he were aquatic, and unable to wander down hill and up 
dale. 
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If archeology is ever to become a science, it will be by dividing 
the objects discovered into three groups :—(qa) those unmistakably 
proved to be of human origin, and of clearly-defined geological date; 
(6) those which are non-proven, and go to ‘the suspense account’ 
suggested by the late Lord Avebury; and (¢) those which are not 
worth further consideration, and may be thrown on the refuse- 
heap. The first group alone can be used for scientific purposes, 
and in illustration of the last we may take the flint-nodules simu- 
lating quadrupeds, birds, and fishes, considered by Auberon Herbert 
and others as the work of Palolithic Man. 

Mr. J. R. Morr emphasized the difference in form and flaking of 
the flints from the sub-Red Crag detritus-bed, the Middle Glacial 
gravel, Chalky Boulder Clay, and Glacial gravel. He added that, 
if Man had not been the producing agent responsible for these 
specimens, then it must be supposed that Nature had broken flints ~ 
in distinct and different manners at different periods in the past— 
a view which he was quite unable to entertain. 

The speaker explained how it was possible to produce a true 
rostro-carinate implement by the ordinary process of flint-flaking, 
and asked those who believed Nature to have been responsible for 
these forms to produce, by some unguided natural force, flaked 
flints which would also simulate the true rostro-carinate type. This, 
however, they had, up to the present, been quite unable to do. 

He dealt with the specimens exhibited by Prof. Sollas, and found 
by him on the beach at Selsey Bill. The speaker explained how, 
after a visit to this site, he had noticed that many of the flints 
there, which are apparently of different ages, were in process of 
disintegration, and were easily broken up by the waves. The 
fractures thus produced were entirely unlike those formed by 
human blows; and, though he was of opinion that some of the 

' Selsey flints were humanly shaped, none of them showed the same 
form of flaking as the true rostro-carimate implements that were 
exhibited. 

Regarding the geological position of the flints claimed to be of 
pre-Red Crag age, he wished it to be known that flaked specimens, 
of exactly the same order as those found first at Messrs. Bolton & 
Laughlin’s pit, had now been found beneath undisturbed shelly Red 
Crag at Thorington Hall, the Back Hamlet (Ipswich), Greenwich 
Farm (Ipswich), Marblesham near Woodbridge, and at Sutton in 
East Suffolk. 

The statement that the decalcified Crag at Messrs. Bolton & 
Laughlin’s pit was undisturbed and in its original position, though 
supported by Mr. W. Whitaker and Dr. Marr, had been disputed 
by some Ipswich geologists; but the speaker persisted in holding 
the view that the Crag at this spot was 7m sztu. 

To anyone familiar with the sub-Crag flints, it was quite obvious 
that those found in Messrs. Bolton & Laughlin’s pit could only 
have come trom the sub-Crag detritus-bed. The suggestion that, 
because the London Clay at this pit had been contorted by pressure, 
this pressure had been able to act through the fine sand overlying 
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the flint-bed, appeared to the speaker to be opposed to the laws of 
physics and quite untenable. 

Specimens of, flaked flints were shown, having shelly Crag and 
barnacles of the Red-Crag Sea attached to their worked surfaces. 

Mr. E. A. Marrin wished to point out that primitive Man, 
when he began to use tools, probably made them of wood. When 
he became perfect in tool-making, he was able to fashion those finely- — 
chipped implements the genuineness of which was unquestioned. 
There was of necessity an intermediate stage, when his attempts at 
flint-chipping were rudimentary and clumsy. Those who believed 
in Eoliths held the opinion that these were his first attempts. 

Mr. 8S. H. Warren said, with reference to remarks that had 
been made, that he must point out the extreme difficulty of 
working experimentally under conditions such as would come 
within Mr. Moir’s definition of ‘unguided natural force.’ There 
were many natural products which it was by no means easy to 
reproduce experimentally. He felt that the only scientific attitude 
to hold, in regard to experiments with flints, was to use them as 
an investigation of the chipping properties of flint; and that the 
knowledge of flint-fracture so gained should be applied by careful 
comparison with the chipping of alleged human implements, and 
on the other hand with that which geologists also knew of the 
operation of mechanical forces in Nature. 

Mr. P. G. H. Boswetu said that, with regard to the so-called 
‘rostro-carinate ’ type of implements, the President’s first question 
as to whether the geological horizon of the flints was certain, had not 
been discussed. The stratigraphical position of the large majority 
of chipped flints which were said to come from below the Red Crag 
was not certain; out of fifteen (presumably the best at that time) 
figured and described by Sir E. Ray Lankester," no less than twelve 
were from either Messrs. Bolton & Laughlin’s brickyard or the 
Hadleigh-Road pits, both at Ipswich. Each of these sites, on 
account of its position on the flank of the Gipping Valley, was 
intensely disturbed by glacial action, the London Clay, supposed 
Red-Crag débris, and Glacial sand, gravel, and clay being contorted 
and overthrust until the sequence was repeatedly inverted. Before 
discussing the question of the human or natural chipping of these 
supposed implements, it seemed highly desirable that geologists 
should insist upon ruling out all flints which had been obtained 
from glacially-disturbed deposits, and all those not actually taken 
in situ from below Red Crag. It might be mere coincidence, but 
it was a point worthy of note by those who insisted upon the natural 
chipping of flint, that the best implements had been obtained from 
two localities where ice-pressure had been intense upon valley- 
spurs, the beds being disturbed for some 40 feet in depth. 

Again, the term ‘Middle Glacial’ had served a very useful 
purpose in the past, but the time had now arrived when the various 
Glacial deposits of East Anglia should be more clearly defined, 

! Phil. Trans. Roy. Soc. ser. B, vol. ecii (1912) pp. 283-336. 
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especially when it was alleged that implements were found in them. 

At present, they were in the position in Suffolk of not knowing 
what was meant by ‘Middle Glacial’: in fact, there was a possibility 
that it did not exist. Various deposits of Upper Glacial and even 
post-Chalky Boulder-Clay age had been mapped under this name. 
Of what age, then, were the supposed implements from the ‘ Middle 
Glacial’ ? 

Finally, the speaker wished to urge caution upon Suffolk archzo- 
logists, and pleaded that they should study carefully the elementary 
geology of their district before indulging in the misstatements 
which had been so frequent in recently-published archeological 
papers, and were in danger of bringing the science into disrepute. 

In addition to the exhibits described on pp. ii-ix, the following 
specimens were shown :— 

Stone from the Sinai Peninsula, 70 miles south of Suez and 
3 miles from the sea, showing the effects of heat and frost, 
exhibited by T. Codrington, M.Inst.C.E., F.G.S. 

Palzolith found in 1876 in the Glacial gravels of the Yare 
Valley, in the grounds of Oakland House, Cringleford, exhibited by 
F. W. Harmer, F.G.S. » 

Mousterian flint- implements from the Crayford brick-earths, 
exhibited by R. Brice Higgins. 

December 3rd, 1918. 

Dr. AUBREY STRAHAN, F.R.S., President, 
in the Chair. 

Louis Barrow, Wolverley, Middleton-Hall Road, King’s Norton ; 
Charles Bradshaw, F.C.S., Assistant Curator in the Sheffield Public 
Museum, 17 Crimicar Lane, Fulwood, Sheffield; Charles Andrew 
Cotton, M.Sc., Lecturer on Geology in Victoria College, Wellington 
(New Zealand); Sydney C. Harland, B.Sc., Mycologist & Geologist 
to the Agricultural Research Station, Christiansted, Santa Cruz 
(Danish West Indies); William Stevenson Laing, 12 Kirkhill 
Road, Edinburgh; Perey Gates Morgan, M.A., Director of the 
Geological Survey, Mines Department, Wellington (New Zealand) ; 
Frederick George Percival, B.Sc., Assistant Demonstrator in 
Geology, Royal College of Science, 31 Hestereombe Avenue, 
Fulham, 8.W.; Edward Charles Rodda, Hathersage, Wilton Road, 
Shirley, Southampton ; Alexander J. Sefi, Kashmir, Lydford Road, 
Cricklewood, N.W. ; John G. Sutherland, M.A., Principal of the 
High School, Umtali (Southern Rhodesia) ; Charles ‘Taylor — 
fig g echmann, B.Se., Hudworth Tower, Castle Eden (County 
Durham) ; ‘Leonard James Wild, M.A., Selwyn College, Dunedin 
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_(New Zealand); and Sydney Wilkinson, B.A., Lecturer on Geo- 
graphy in the Normal College at Bangor, Hightown, Liversidge 
(Yorkshire), were elected Fellows of the Society. 

The List of Donations to the Library was read. 

Prof. E. Hutt, in exhibiting a block of Lower Lias from the 
junction with the Carboniferous, said that this block was sent from 
No. 3 pit of Dover Colliery, by the Manager, Mr. John Kiers. It 
seemed to him (the speaker) a specimen of peculiar interest, since 
it had been taken from the bottom of the Lias at its junction with 
the Coal Measures, at a depth of 1161 feet below the surface. It 
consisted of hard, bluish, brecciated limestone, angular pebbles 
of stone being cemented together, and contained numerous fossils 
of Liassic species—generally in a fragmentary condition. It had 
been called by the miners a ‘piece of the old shore ’—an appro- 
priate name; as it was evidently made up of fragments of stone 
which had been knocked about on the beach of the Liassic sea 
when being deposited on a shore of submerged Coal Measures. 

Dr. F. L. Kitchin had informed him that this lowest Lias at 
Dover has been shown to belong toa position in the upper part 
of the Capricornus Zone; it has yielded Ammonites maculatus 
Young & Bird! Dr. Kitchin had further remarked that the block 
now exhibited contains fossils which are, for the most part, not in 
a state favourable for determination. The belemnites are tightly 
embedded in the hard matrix, and those at the surface are broken 
across in various directions. He was unable to identify them. 
Of lamellibranch remains he could only name Unicardium car- 
dioides Phillips. ‘There are also present some Rhynchonellids, but 
Dr. Kitchin has not been able to determine them. 

The following communications were read :— 

1. ‘A Contribution to our Knowledge of the Geology of the 
Kent Coalfield”? By Dr. E. A. Newell Arber, M.A., F.LS., 
FE.GS. 

2. ‘On the Fossil Floras of the Kent Coalfield.” By Dr. E. A. 
Newell Arber, M.A., F.L.S., F.G.S. : 

In addition to the exhibit described above, fossil plants from 
the Kent Coalfield and a specimen of coal from the Dover Colliery 
were exhibited by Dr. E. A. Newell Arber, M.A., F.L.S., F.GS., 
in illustration of his papers. 

1 See G. W. Lamplugh & F. L. Kitchin, ‘Mesozoic Rocks in some of. the 
Coal Explorations in Kent ’ Mem. Geol. Surv. 1911, p. 143. 

2 Withdrawn by permission of the Council. 
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December 17th, 1913. 

Dr. AUBREY STRAHAN, F.R.S., President, 
in the Chair. 

Richard Morgan Evans, Lecturer on Mining & Geology in the 
Wigan Mining College, 6 Eccleston Street, Wigan; Richard Hugh 
Sennett, 32 Bolton Gardens; $8.W.; and George P. Wight, South- 
lands, Heath Road, Hayward’s Heath (Sussex), were elected 
Fellows of the Society. 

The List of Donations to the Library was read. 

Mr. C. Dawsoy, in exhibiting specimens of zine-blende from 
the upper beds of the Purbeck formation at Netherfield (Sussex), 
remarked that these specimens were oltained from an horizon 
which was stratigraphically not far beneath the horizon in the 
Fairlight Clays whence were derived the specimens of zinc- 
blende previously exhibited by him on June 25th, 1913.! Like 
the other, the Purbeck zine-blende probably owed its origin to 
segregation from Primary and metamorphic rocks, of which both 
strata are partly composed. He claimed that this discovery indi- 
cates another link between the Hastings Beds and the Purbeck 
Series. 

/ 

Tho following communication was read :-— 

‘Supplementary Note on the Discovery of a Paleolithic Human 
Skull and Mandible at Piltdown (Sussex).’ By Charles Dawson, 
‘F.S.A., F.G.S., and Arthur Smith Woodward, LL.D., F.RS., 
Sec.G.8. With an Appendix by Prof. Grafton Elliot Smith, M.A., 
M.D., V.P.B.S. 

Tn addition to the exhibit described above, the following speci- 
mens were exhibited :-— 

Fragments of Eoanthropus dawsoni, specimens of the gravel- 
bed at Piltdown in which it was found, with flints and pebbles from 
the same locality, exhibited by C. Dawson, F.S.A., F.G.S. 

Plaster cast of the Mousterian skull from La Chapelle-aux- 
Saints, with cast of the brain-cavity of the same; and a plaster 
cast of the mandible of Homo heidelbergensis, both exhibited by 
Dr. A. Smith Woodward, F.R.S., See.G.S. 

1 See Q. J. G.S. vol. lxix (1918) p. xeviii. 
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January 7th, 1914. 

Dr. AUBREY STRAHAN, F.R.S., President, 
in the Chair. 

The List of Donations to the Library was read. 

The following Fellows of the Society, nominated by the Council, 
were elected Auditors of the Society’s Accounts for the preceding 
year: JAMES VINCENT EtspEN, D.Sc., and Samurnt HazzLEDINE 
WARREN. 

The following communications were read :— 

1. ‘The Ordovician and Silurian Rocks of the Lough-Nafooey 
Area (County Galway).’ By Charles Irving Gardiner, M.A., 
F.G.S., and Sidney Hugh Reynolds, M.A., F.G.S., Professor of 
Geology in the University of Bristol. 

2. ‘The Geology of St. Tudwal’s Peninsula (Carnarvonshire).’ 
By Tressilian Charles Nicholas, B.A., F.G.S. 

Specimens and microscope-sections of Ordovician and Silurian 
rocks from the Lough-Nafooey area were exhibited by C. I. 
Gardiner, M.A., F.G.S., and Prof. 8S. H. Reynolds, M.A., F.G.S., 
in illustration of their paper. 

Specimens from the St. Tudwal’s Peninsula were exhibited by 
T. C. Nicholas, B.A., F.G.S., in illustration of his paper. 

January 21st, 1914. 

Dr. AuBrryY STRAHAN, F.R.S., President, 
in the Chair. 

Samuel Balcon, Schoolhouse, Sutton Coldfield; Frank Remington 
Pretyman, ‘Absoe: R.S.M., Richmond Lodge, Bournemouth : "and 
Sydney H. Houghton, B. A. , Assistant in the Geological Department 
of the South African Museum, Cape Town, were elected Fellows of 
the Society. 

The List of Donations to the Library was read. 

The following communications were read :— 

1. ‘Geology of the Country round Huntly (Aberdeenshire).’ 
By William Robert Watt, M.A., B.Se., F.G.S. 

2. ‘The Glacial Geology of East Lancashire.’ By Albert Jowett, 
D.Se., F.G.S. 
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Rock-specimens and microscope-slides were exhibited by W. R. 
Watt, M.A., B.Sc., F.G.S., in illustration of his paper. 

Lantern-slides were exhibited by Dr. A. Jowett, F.G.S., in illus- 
tration of his paper. 

The following maps were also exhibited :— ~ 

Geological Survey of Scotland: 1-inch scale, Sheet 82, Loch 
Carron (Ross-shire), presented by the Director of H.M. Geological 
Survey. 

Royal Geological Institute of Hungary—Sheets Brusztura, 
Okormez6 & Tuchla, and Dognacska & Gattaja, on the scale of 
1: 75,000, presented by the Director of that Institute. 

Geological Map of Natal, 1910, on the scale of 20 miles to the 
inch, or 1: 1,267,200, presented by the Natal Government. 

February 4th, 1914. 

Dr. AUBREY StraHAN, F.R.S., President, in the Chair. 

Gordon Willis Lepper, care of the Burma Oil Company, Ltd., 
Nyaunghla (Upper Burma), was elected a Fellow of the Society. 

The List of Donations to the Library was read. 

The following communications were read :— 

1. ‘The Lithology and Composition of Durham Magnesian 
Limestones.’» By Charles Taylor Trechmann, B.Sc., F.G.8. 

2. ‘On the Occurrence of a Giant Dragon-Fly in the Radstock 
Coal Measures.’ By Herbert Bolton, M.Sc., F.R.S.E., F.G.S, 

Specimens from the Durham Magnesian Limestone were exhibited 
by C. T. Trechmann, B.Sc., F.G.S., in illustration of his paper. 

Insects from the Radstock Coal Measures were exhibited by 
H. Bolton, M.Sc., F.R.S.E., F.G.S., in illustration of his paper. 

The following geological maps were also exhibited :— 

Carte Géologique Internationale de Europe: Sheets H1, F 1, 
and GI-VII, on the scale of 1: 1,500,000.—1918. 

Geological Survey of the Union of South Africa: Sheet 2; 
Pienaars River, on the scale of 2°347 miles to: the inch, or 
1: 156,500,—1913. Presented by the Director of that Survey. 

eS ee 



ANNUAL GENERAL MEETING, 

February 20th, 1914, 

- Dr. AUBREY Strawn, F.R.S., President, 

in the Chair.’ 

REPORT OF THE CouncIL FoR 1913. 

Durine the year under review 65 new Fellows were elected into 
the Society (2 more than in 1912). Of the 65 Fellows elected in 
1913, 48 paid their Admission Fees before the end of that year. 
Of the Fellows who had been elected in the previous year, 17 paid 
their Admission Fees in 1913, making the total accession of new 
Fellows during the year under review amount to 65 (8 more than 
in 1912). 

Deducting from this number a loss of 44 Fellows (17 resigned, 
24 deceased, and 3 removed from the List, under Bye-Laws, 
Sect. VI, Art. 5), it will be seen that there is an increase of 21 in 
the number of Fellows (as compared with an increase of 5 in 1912 
and a decrease of 5 in 1911). 

The total Number of Fellows is, therefore, now 1320, made up 
as follows:—Compounders, 245 (2 less than in 1912); Contributing 
Fellows, 1057 (26 more than in 1912); and Non-Contributing 
Fellows, 18 (8 less than in 1912). 
Turning to the Lists.of Foreign Members and Foreign Corre- 

spondents, the Council recall with regret the loss during the past 
~ year of Prof. A. Baltzer, Prof. H. Credner, and Prof. A. Fritsch, 

Foreign Members; as also of Prof. Igino Cocchi, Foreign Corre- 
spondent. It will be remembered that there were three vacancies 
in the List of Foreign Correspondents at the end of 1912: two 
of these were subsequently filled by the election of Prof. Emile 
Haug and Dr. P. J. Holmquist. There now remain three vacancies 
in the List of Foreign Members and two in that of Foreign 
Correspondents. 

With regard to the Income and Expenditure of the Society during 
1913, the figures set forth in detail in the Balance-Sheet may be 
summarized as follows:—The actual Receipts (excluding the Balance 
of £641 2s. 3d. brought forward from the previous year) amounted 
to £3,367 8s. 11d., being £219 8s. 11d. more than the estimated 
Income. On the other hand, the total Expenditure during the 
same year amounted to £3,137 12s. ld., being £10 7s. 11d. less 
than the estimated Expenditure for the year, and £229 16s. 10d. 
less than the actual Receipts, the year closing with a Balance 1 in 
hand of £871 3s. 9d. 
TWO: ae | * b 
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The Council have to announce the completion of Vol. LXIX (for 
1918) of the Society’s Journal. It is hoped that No. 19 of the 
Record of Geological Literature (for 1912) will be ready for publi- 
eation early in ‘the current year, and that No. 20 may also be 
issued within this year. 
A successful and largely-attended Conversazione was held in 

the Society’s Apartments on June 18th, 1913. During the past 
year these Apartments ‘have been used for General or for Council 
Meetings by the Mineralogical Society, the Palzontographical 
Society, the Ray Society, the Geologists’ Association, the British 
Association, the Institution of Mining & Metallurgy, the Insti- 
tution of Mining Engineers, the Institution of Water Engineers, 
and the British Science Guild; also for sectional meetings by the 
International Congress of Historical Studies. 

Improvements have been effected in the electric lighting arrange- 
ments in the Library; and the Council have considered a scheme 
for the ventilation of the Meeting Room, and have now called for 
specifications for the installation of an electric fan. 

The retirement on pension of the former Assistant Librarian, 
Mr. William Rupert Jones, after 40 years’ service, was sanctioned 
at a Special General Meeting on April 9th; and at the same 
meeting the appointment of Mr. Maurice St.. John Hope as 
Assistant Clerk was confirmed by the Fellows. On April 28rd, 
the Council temporarily appointed Mr. Charles Panzetta Chatwin 
as Assistant Librarian, subject to confirmation by the Fellows at 
a Special General Meeting. 

The President was nominated by the Council to represent the 
Society at the Meeting of the Twelfth International Geological 
Congress, held at Toronto in August last. The Council, on the 
understanding that an International Geological Map of the World 
was to be undertaken, agreed to be responsible for twenty-five 
copies, in the event of its publication, at a probable expenditure of 
not more than £31 5s. Od. per annum for eight years. 

The eleventh Award from the Daniel- Pidgeon Trust Fund was 
made on March 19th, 1918, to Roderick Urwick Sayce, B.A., 
University College of Wales, Aberystwyth, who proposed to in- 
vestigate the rock-succession and structure of the Ystwyth Valley 
and its neighbourhood. 

The following Awards of Medals and Funds re also been made 
by the Council :— 

The Wollaston Medal is awarded to Dr. John Edward Marr, 
F.R.S., in recognition of his ‘researches concerning the Mineral 
Structure of the Earth,’ especially in connexion w ith the Strati- 
graphy of the Lower Paleozoic Rocks. 

The Murchison Medal, together with a Sum of Ten Guineas 
from the Murchison Geological Fund, is awarded to Mr. William 
Augustus Edmond Ussher, in recognition of his valuable contri- 
butions to Geological Science, more especially in connexion with 
the Devonian Rocks. 

The Lyell Medal, together with a Sum of Twenty-Five Pounds 

a . 
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from the Lyell Geological Fund, is awarded to Charles Stewart 
Middlemiss, B.A., as an acknowledgment of the value of his con- 
tributions to our knowledge of the Geology of India. 

The Balance of the Proceeds of the Wollaston Donation Fund 
is awarded to Mr. Richard Bullen Newton, in recognition of the 
value of his researches in the Paleontology of the Invertebrata, 
especially the Mollusca. 

The Balance of the Proceeds of the Murchison Geological Fund 
is awarded to Mr. Frederick Nairn Haward, in acknowledgment 
of his researches on the Fracturing of Flint. 

A moiety of the Balance of the Proceeds of the Lyell Geological 
Fund is awarded to the Rev. Walter Howchin, in recognition 
of the value of his contributions to our knowledge of a glacial 
episode of Cambrian age in Australia. ! 

A second moiety of the Balance of the Proceeds of the Lyell 
Geological Fund is awarded to Mr. John Postlethwaite, in acknow- 
ledgment of his researches in the Geology of the Lake District. 

REPORT OF THE LIBRARY COMMITTEE FOR 1913. 

The Committee have pleasure in reporting that the Additions 
made to the Society’s Library during the past year have fully 
maintained, both in number and in importance, the standard of 
previous years. : 

During 1913 the Library received by Donation 50 Volumes of 
separately published Works, 293 Pamphlets, and 65 detached Parts 
of Works; also 375 Volumes and 21 detached Parts of Senal 
Publications, 146 Volumes and 98 detached Parts of the publica- 
tions of Geological Surveys and other public bodies, and 25 Volumes 
of Weekly Periodicals. . 

The total number of accessions to the Library by Donation is 
thus seen to amount to 596 Volumes, 293 Pamphlets, and 184 
detached Parts. In addition, 37 Sheets of Geological Maps were 
presented to the Library, including 6 Sheets received from the 
Geological Survey of England & Wales, and 18 from that of 
Scotland ; 5 Sheets from the Geological Survey of Japan; 3 Sheets 
from the Geological Survey of the Union of South Africa; 2 Sheets 
from that of Hesse-Darmstadt; and 1 Sheet each from the: 
Geological Surveys of Russia, French Indo-China, and Victoria. 
Among the Books and Pamphlets mentioned in the foregoing 

paragraph, especial attention may be directed to the following 
works :—the 2nd volume of the 5th edition of Prof. E. Kayser’s 
‘Lehrbuch der Geologie’; the 2nd volume of Prof. J. P. Idding’s 
‘Igneous Rocks’; the 5th volume of Prof. A. Lacroix’s ‘ Minér- 
alogie de la France & de ses Colonies’; Prof. T. G. Bonney’s 
‘ Building of the Alps’; Prof. J. W. Gregory’s ‘Nature & Origin 

b2 



a 

xx PROCEEDINGS OF THE GEOLOGICAL society. [April 1914, 

of Fiords’; Dr. ©. D. Walcott’s monograph on the Cambrian 
Brachiopoda ; Dr. F. R. C. Reed’s monograph on the Ordovician 
& Silurian Fossils of the Central Himalayas; Mr. H. M. Cadell’s 
‘Story of the Forth’; and the second volume ‘ot the ‘ Text-Book of 
Petrology (the Sedimentary Rocks),’ by Dr. F. H. Hatch & Mr. R. 
H. Rastall ; the Geological Survey Memoirs on the Geology of the 
Country around Winchester & Stockbridge, on the Geology of 

- Dartmoor, on the Geology of the Country around Ivybridge & 
Modbury, on the Concealed Coalfield of Yorkshire & Nottingham- 
shire, on the Geology of the Country around Newton Abbot, on 
the Geology of Ben Wyvis, Cairn Chuinneag, etc. on the Geology 
of Upper Strathspey, Gaick, & the Forest of Atholl, and on the 
Geology of the Fannich Mountains, etc. as also the ‘ Records of 
London Wells.’ Three British Museum (Natural History) Cata- 
logues were received during the year: namely, those of the Marine 
Reptiles of the Oxford Clay (part 2), of the Cretaceous Plants, 
and. of the Living & Fossil Species of Pisidiwm. 

In addition, numerous publications were received from the 
Departments of Mines and Geological Survey Departments of the 
Dominion of Canada, of the Provinces of Ontario and British 
Columbia, of the Provinces of the Cape of Good Hope and the 
Transvaal, of the various States of the Commonwealth of Australia, 
and of the Dominion of New Zealand; also from the Geological 
Survey Departments of India, Mysore, Egypt, the Sudan, Belgium, 
Holland, Italy, Portugal, Hungary, Bohemia, Russia, and Norway; 
from the United States Geological Survey, and from the inde- 
pendent State Surveys of Alabama, Illinois, Iowa, New York, Ohio, 
and Oklahoma. Series of valuable Reports were presented by the 
Colonial Office and the Home Office. 

The Books and Maps enumerated in the foregoing paragraphs 
were the gift of 156 Government Departments and other Public 
Bodies; of 181 Societies and Editors of Periodicals; and of 156 
Personal Donors. 

The Purchases, made on the recommendation of the standing 
Library Committee, included 38 Volumes and 50 detached Parts of 
separately published Works, and 88 Volumes and 27 detached Parts 
of Works published serially. 

The Expenditure incurred in connexion with the Library during 
the year under review was as follows :— 

! £ s. a. 
Books, Periodicals, etc. purchased ............ 102 18 8 
Binding of Books and Mounting of Maps... 122 5 11 

—_——__—_—_—_ 

Totals. (i612, £225 ee 

The:retirement on pension of the former Assistant Librarian in ; 
May, and, the much-needed reorganization of the Library have ig 
ss uastadb: delayed: the preparation of the Record of Geological . 
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Literature received in 1912, but the work is making satisfactory 
progress. 

During the year Mr. W. Campbell Smith, F.G.S., has kindly 
voluntéered his services in helping to put the Society’ s Map 
Collection in order, and he has already spent a considerable time 
over that work. The Society is greatly indebted to him for 
this assistance. 3 

Mr. C. Davies Sherborn reports that 

‘The Card Catalogue makes satisfactory progress. Editing has now 
commenced, and the cards are in completed arrangement up to BR (the first 
fifty drawers). This editing has considerably reduced the bulk of the cards, 
thus allowing the calculated space for accessions for some years to come. 
I may point out that, if the searcher will refer to the footnotes of those 
books to which the Card Catalogue refers him, he will now be in possession 
of an almost complete bibliography of any subject desired. 

‘I also hope that the literature for 1883-1893 will be taken in hand this 
year, as that is the only gap now remaining between 1800 and 1912.’ 

The appended Lists contain the Names of Government Depart- 
ments, Public Bodies, Societies, Editors, and Personal Donors, from 
whom Donations to the Library have been received during the year 
under review :— 

Il. GOVERNMENT DEPARTMENTS AND OTHER Pustic Boptigs. 

Alabama.—Geological Survey. Montgomery (Ala.). 
American Museum of Natural History. New York. 
Anglo-Egyptian Sudan.—Geological Survey. Khartim. 
Argentina.—Ministerio de Agricultura. Buenos Aires. 
Australia (S.), etc. See South Australia, eée. 
Austria.—Kaiserlich-K6nigliche Geologische Reichsanstalt. Vienna. 
Bavaria.—K6nigliches Bayerisches Oberbergamt. Munich. 
Belgium.—Académie Royale des Sciences, des Lettres & Beaux-Arts de Belgique, 

Brussels. 
—-—. Musée du Congo Belge. Brussels. 
——. Musée Royal d’Histoire Naturelle. Brussels. 

Service Géologique de Belgique. Brussels. 
Bergens Museum. Bergen. 

~ Berlin. —Ko6nigliche Preussische Akademie der Wissenschaften. 
Birmingham, Univ ersity of. 
Bohemia.—Naturwissenschaftliche Landesdurchforschung. Prague. 
—. Royal Museum of Natural History. Prague. 
Bristol—Museum & Art Gallery. 
British Columbia.—Department of Mines. Victoria (.C 
British Guiana.—Department of Mines. Georgetown. 
British South Africa Company. London. 
Bucarest.—Museului de Geologia si de Paleontologia. 
Buenos Aires.—Museo Nacional de Buenos Aires. 
California.—Academy of Sciences. San Francisco. 

, University of. Berkeley (Cal.). 
Camborne.—Mining School. 
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Cambridge.—Sedgwick Museum. 
Cambridge (Mass.).—Museum of Comparative Zoology in Harvard College. 
Canada.—Geological & Natural History Survey. Ottawa. 

, High Commissioner for. London. 
Cape of Good Hope.—South African Museum. Cape Town. 
Carinthia.—Government Mining Bureau. Raibl. 
Chicago.—‘ Field’ Columbian Museum. 
Connecticut.—State Geological & Natural History Survey.- Hartford (Conn.). 
Cérdoba (Argentine Republic)—Academia Nacional de Ciencias. 
Cracow.—Academy of Sciences. ' 
Denmark.—Commission for Ledelsen af de Geologiske & Geographiske Underso- 

gelser i Groénland. Copenhagen. 
—. Geologiske Underségelse. Copenhagen. 
—. Kongelige Danske Videnskabernes Selskab. Copenhagen. 
Dublin.—Royal Irish Academy. 
Egypt.—Department of Public Works (Survey Department). Cairo. 
Finland.—Finlands Geologiska Undersékning. Helsingfors. 
France.—Ministére de ]a Guerre. Paris. 

Ministére des Colonies. Paris. 
—. Ministére des Travaux Publics. Paris. 
—. Muséum d'Histoire Naturelle. Paris. 
Geneva, University of. 
Georgia.—Geological Survey. 
Germany.—Kaiserliche Leopoldinisch-Carolinische Deutsche Akademie der 

Naturforscher. Halle an der Saale. 
Great Britain—British Museum (Natural History). London. 
—. Colonial Office. London. 
—. Geological Survey. London. 
—. Home Office. London. 
—. India Office. London. 
Holland.—Departement van Kolonien. The Hague. 
——. Rujksopsporing van Delfstoffen. The Hague. 
Hull.—Municipal Museum. 
Hungary.—Ké@nigliche Ungarische Geologische Anstalt (Magyar Féldtani 

Tarsulat). Budapest. 
Illinois State Geological Survey. Urbana (IIl.). 
India.—Geological Survey. Calcutta. 
—. Indian Museum. Calcutta. 

Surveyor-General’s Office. Calcutta. 
Iowa Geological Survey. Des Moines (Iowa). 
Treland.—Department of Agriculture & Technical Instruction. Dublin. 
Italy —Reale Comitato Geologico. Rome. 
Japan.—Earthquake-Investigation Committee. Tokyo. 

Geological Survey. Tokyo. 
Jassy, University of. 
Kansas.— University Geological Survey. Lawrence (Kan.). 
Kingston (Canada).—Queen’s College. 
Klausenburg (Koloszvar).—Provincial Museum & Library. 
Leeds, University of. 
London.—City of London College. 
——. Imperial College of Science & Technology. 
——. Imperial Institute. 
—. Metropolitan Water Board. 
—. Royal College of Surgeons. 
——. University College. 
Madrid.—Real Academia de Ciencias Exactas, Fisicas & Naturales. 
Magdeburg.—Museum fiir Natur- und Heimatkunde. 
Maryland.—Geological Survey. Baltimore (Md.). 
Melbourne (Victoria).—National Museum. 
Mexico.—Instituto Geolégico. Mexico City. 
Milan.—Reale Istituto Lombardo di Scienze & Lettere. 
Missouri.—Bureau of Geology & Mines. Rolla (Mo.). 
Montana University. Missoula (Mont.). 
Munich.—Ké@nigliche Bayerische Akademie der Wissenschaften. 
Mysore Geological Department. Bangalore. 
Nancy.—Académie de Stanislas. r 
Naples.—Accademia delle Scienze. 

i a 
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New Jersey.—Geological Survey. Trentham (N.J.). 
New Mexico, University of. Albuquerque (N. Mex.). 
New South Wales, Agent- General for. London. 
——. Department of Mines & Agriculture. Sydney. 

. Geological Survey. Sydney. 
New York State Museum. Albany (N.Y.). 
New Zealand.—Department of Mines. Wellington. 

Geological Survey. Wellington. 
Norway _—Norges Geologiske Undersdkelse. Christiania. 
Nova Scotia.— Department of Mines. Halifax. 
Ohio Geological Survey. Columbus (Ohio). 
Oklahoma Geological Survey. Norman (Okla.). 
Ontario.—Bureau of Mines. Toronto. 
Padua.—Reale Accademia di Scienze, Lettere & Arti. 
——, University of. 
Paris.—Académie des Sciences. 
Perak Government. Taiping. 
Peru.—Ministerio de Fomento. Lima. 
Philippine Is.—Department of the Interior: Bureau of Science. Manila. 
Pisa, Royal University of. 
Portici—Keale Scuola Superiore di Agricoltura. 
Portugal.—Commissao dos Trabalhos “Geologicos. Lisbon. 
Prussia.—K$Gnigliches Ministerium fiir Handel & Gewerbe (Zeitschrift fiir das 

_ Berg- Hiitten- & Salinenwesen). Berlin. 
—. K6nigliche Preussische Geologische Landesanstalt. Berlin. 
Queensland, Agent-General for. London. 
——. Department of Mines. Brisbane. © 
—. Geological Survey. Brisbane. 
Redruth.—School of Mines. 
Rhodesia.—Chamber of Mines. Bulawayo. 
Rhodesian Museum. Bulawayo. 
Rio de Janeiro.— Museu Nacional. 
Rome.— Reale Accademia dei Lincei. 
Rumania.—Geological Survey. Bucarest. 
Russia.—Comité Géologique. St. Petersburg. 

Musée Géologique Pierre le Grand. St. Petersburg. 
—. Section Géologique du Cabinet de S.M.V?Empereur. St. Petersburg. 
Sao Paulo (Brazil) —Commissio Geographica & Geologica. Sao Paulo City. 
a5 Secretaria da Agricultura, Commercio & Obras Publicas. Sao Paulo 

ity. 
Sarawak Museum. Singapore. 
Sendai (Japan).—Tohoku Imperial University. 
South Africa, Union of.—Department of Mines. (Geological Survey, etc.) 

Pretoria. 
South Australia, Agent-General for. London. 
——. Department of Mines. Adelaide. 
—. Geological Survey. Adelaide. 
Spain.—Comision del Mapa Geolégico. Madrid. 
Stockholm.—Kongliga Svenska Vetenskaps Akademi. 
Sweden.—Sveriges Geologiska Undersékning. Stockholm. 
Switzerland.—Geologische Kommission der Schweiz. Berne. 
Tasmania.—Secretary for Mines. Hobart. 
Tokyo.—College of Science (Imperial University). 
Transylvania.—National Museum: Geological & Mineralogical Depart ment. 

Hermannstadt. 
Turin.—Reale Accademia delle Scienze. 
Union of South Africa. See South Africa. 
United States.—Department of Agriculture. Washington (D.C.). 
—. Geological Survey. Washington (D.C.). 

National Museum. Washington (D.C.). 
Upsala, Royal University of. 
Victoria (Austral.), Agent-General for. London. 

). Department of Mines. Melbourne. 
(——). Geological Survey. Melbourne. 

Vienna.—Kaiserliche Akademie der Wissenschaften. 
Washington (D.C.).—Smithsonian Institution. 
Washington, State of (U.S.A.).—Geological Survey. Olympic (Wash.). 

re 
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Western Australia, Agent-General for. London. 
——. Department of Mines. Perth. 
—. Geological Survey. Perth. 
——. Museum & Art Gallery. Perth. ; 
Wisconsin.—Geological & Natural History Survey. Madison (Wisc.). 
Yale University Museum (Peabody Museum). Geological Department. New — 

Haven (Conn.). 

II. Soctrrres anD EprIrors. 

Acireale.—Accademia di Scienze, Lettere & Arti. 
Adelaide.—Royal Society of South Australia. 
Agram.—Societas Historico-Naturalis Croatica. 
Basel.—Naturforschende Gesellschaft. 
Bath.—Natural History & Antiquarian Field-Club. 
Belgrade.-—Servian Geological Society. 
Bergen.—‘ Naturen.’ 
Berlin.—Deutsche Geologische Gesellschaft. 

Gesellschaft Naturforschender Freunde. 
——. Institut ftir Meereskunde & Geographisches Institut. 

‘Zeitschrift fiir Praktische Geologie.’ 
Berne. —Schweizerische Naturforschende Gesellschaft. 
Bombay Branch of the Royal Asiatic Society. 
Bordeaux.—Société Linnéenne. me 
Boston (Mass.) Society of Natural History. 

. American Academy of Arts & Sciences. 
Bristol Naturalists’ Society. 
Brooklyn (N.Y.) Institute of Arts & Sciences. 
Brunswick.—Verein fiir Naturwissenschaft zu Braunschweig. 
Brussels.—Société Belge de Géologie, de Paléontologie & d’Hydrologie. 

Société Royale Zoologique & le de Belgique. 
Budapest.—Foéldtani Kézlény. 
Buenos Aires.—Sociedad Cientifica Sema: 
Bulawayo.—Rhodesian Scientific Association. 
Caen.—Société Linnéenne de Normandie. 
Calcutta.—Asiatic Society of Bengal. 
Cambridge Philosophical Society. 
Cape Iown.—Royal Society of South Atrica. 
—. South African Association for the Advancement of Science. 
Cardiff.—South Wales Institute of Engineers. 
Chambéry.—Société d’ Histoire Naturelle de Savoie. 
Chicago.—‘ Journal of Geology.’ 
Christiania.—‘ Nyt Magazin for Naturvidenskaberne.’ 
Colombo.—Ceylon Branch of the Royal Asiatic Society. 
Colorado Springs.—‘ Colorado College Studies.’ 
Croydon Natural History & Scientific Society. 
Denver.—Colorado Scientific Society. 
Dijon.— Académie des Sciences, Arts & Belles-Lettres. 
Dorchester.—Dorset Natural Elistor y & Antiquarian Field-Club. 
Dorpat (Jurjew).—Naturforschende Gesellschaft. 
Dresden.—Naturwissenschaftlicke Gesellschaft. 
——. Verein fiir Erdkunde. 
Edinburgh.—Geological Society. 

Royal Physical Society. 
—. Royal Scottish Geographical Society. 
—. Royal Society. 
Ekaterinburg.—Société Ouralienne d’Amateurs des Sciences shlcore ap. 
Falmouth. —Royal Cornwall Polytechnic Society. 
Frankfurt am Main.—Senckenbergische Naturforschende Gesellschaft. 
Freiburg im Breisgau.—Naturfor schende Gesellschaft. 
Fribourg.—Société Fribourgeoise des Sciences Naturelles. 
Geneva.—Société de Physique & d’Histoire Naturelle. 
Giessen.—Oberhessische Gesellschaft fiir Natur- & Heilkunde. 
Glasgow.—Geological Society. ~ 
Gloucester.—Cotteswold Naturalists’ Field-Club. 

 d 
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Gratz.—Naturwissenschaftlicher Verein fiir Steiermark. 
Haarlem.—Société Hollandaise des Sciences. 
Halifax (N.S.).—Nova Scotian Institute of Science. 
Hamilton (Canada).—Hamilton Scientific Association. 
Hanau.— Wetterauische Gesellschaft fiir Gesammte Naturkunde. 
Havre.—Société Géologique de Normandie. 
Helsingfors.—Société Géographique de Finlande. 
Hereford.—Woolhope Naturalists’ Field-Club. 
Hermannstadt.—Siebenbirgischer Verein fiir Naturwissenschaft. 
Hertford.—Hertfordshire Natural History Society. 
Hull Geological Society. 
Indianapolis (Ind.).—Indiana Academy of Science. 
Johannesburg.—Geological Society of South Africa. 
Kiev.—Société des Naturalistes. 
Lancaster (Pa.).—‘ Economic Geology.’ 
Lausanne.—Société Vaudoise des Sciences Naturelles. 
Leeds.—Philosophical & Literary Society. 
——, Yorkshire Geological Society. 
Leicester Literary & Philosophical Society. 
Leipzig.—‘ Zeitschrift fiir Krystallographie & Mineralogie. 
Liége.—Société Géologique de Belgique. 

. Société Royale des Sciences. 
Lille.—Société Géologique du Nord. 
Lima.—‘ Revista de Ciencias.’ 
Lisbon.—Sociedade de Geographia. 

Société Portugaise des Sciences Naturelles, 
Liverpool Geological Society. 
—. Literary & Philosophical Society. 
London.—‘ The Atheneum.’ 

British Association for the Advancement of Science. 
Chemical Society. 
‘The Chemical News.’ 
‘The Colliery Guardian.’ 
‘The Geological Magazine.’ 
Geologists’ Association. 
Institution of Civil Engineers. 
Institution of Mining Engineers. 
Institution of Mining & Metallurgy. 
Institution of Water Engineers. 
Iron & Steel Institute. 
Linnean Society. 
‘The London, Edinburgh, & Dublin Philosophical Magazine.’ 
Mineralogical Society. 
‘The Mining Journal.’ 
‘Nature.’ 
Palzontographical Society. 
Prehistoric Society of East Anglia. 
‘The Quarry.’ 
Ray Society. 
Records of the London & West-Country Chamber of Mines. 
Royal Geographical Society. 
Royal Institution. 
Royal Meteorological Society. 
Royal Microscopical Society. 
Royal Photographic Society. 
Royal Society. ; 
Royal Society of Arts. 
Society of Biblical Archeology. 
‘The South-Eastern Naturalist’ (S.E. Union of Scientific Societies). 
Victoria Institute. 
‘ Water.’ 

. Zoological Society. 
Manchester Geological & Mining Society. 
—. Literary & Philosophical Society. 
Melbourne (Victoria).—Australasian Institute of Mining Engineers. 
—. Royal Society of Victoria. 
—. ‘The Victorian Naturalist.’ 

ROU DOPRO OP DOPRORODCPEROEEDRERORE 
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Mexico.—Sociedad Cientifica ‘ Antonio Alzate.’ 
Moscow.—Société Impériale des Naturalistes. 
Neweastle-upon-Tyne.—North of England Institute of saris & Mechanical 

Engineers. 
——. Univer sity of Durham Philosoniaed Society. 
New Haven (Conn.).—Academy of Arts & Sciences. 

‘The American Journal of Science.’ 
New York.—Academy of Sciences. 
—. American Institute of Mining Engineers. 

‘ Science.’ 
Northampton.—Northamptonshire Natural History paniaiys 
Niirnberg—Naturhistorische Gesellschaft. — - 
Oporto.—Academia Polytecnica. [Coimbra.] 
Ottawa.—Royal Society of Canada. 
Paris.—Commission Frang¢aise des Glaciers. 

Société Frangaise de Minéralogie. 
—. Société Géologique de France. 
—. ‘Spelunca.’ pune 
Penzance.—Royal Geological Society of Cornwall. » 
Perth.—Perthshire Society of Natural Science. i 
Philadelphia.—Academy of Natural Sciences. 

American Philosophical Society. 
Pisa.—Societa Toscana di Scienze Naturali. oe 
Plymouth.—Devonshire Association for the Advancement of Science. _ 
Portland Society of Natural History. Portland (Maine). 
Rennes.—Société Scientifique & Médicale de ]’Ouest. 
Rochester (N.Y.).—Academy of Science. 
—. Geological Society of America. 
Rome.—Societa Geologica Italiana. 
Rugby School Natural History Society. 
San Diego (Cal.).—Society of Natural History. 
Santiago de Chile-—Sociedad Nacional de Mineria. 
—. Société Scientifique du Chili. 
Sao Paulo (Brazil).—Sociedade Scientifica. 
Scranton (Pa.).—‘ Mines & Minerals.’ 
St. John (N.B.).—Natural History Society of New Brunswick. 
St. Petersburg.—Russische Kaiserliche Miner alee Gesellschaft. 
Stockholm. —Geologiska Forening. 
Stratford.—Essex Field-Club. 
Stuttgart. —‘ Centralblatt fiir Mineralogie, Geologie & Paliontologie. 
—. ‘Neues Jahrbuch fiir Mineralogie, Geologie & Palaontologie.’ 
—. Oberrheinischer Geologischer Verein. 
——. Verein fiir Vaterlandische Naturkunde in Wirttemberg. 

‘ Zeitschrift fiir Naturwissenschaften.’ 
Swansea.—Royal Institution of South Wales. 
Sydney (N.S.W.).—Linnean Society of New South Wales, 
—. Royal Society of New South Wales. 
Toronto.—Canadian Institute. 
Toulouse.—Société d’Histoire Naturelle. 
Truro.—Royal Institution of Cornwall. ' 
bee Beitrage zur Palaontologie & Geologie (sterreich-Ungarns & des~ 

rients.’ 
—. ‘Berg- & Hiittenmannisches Jahrbuch.’ 
—. Geologische Gesellschaft. 

Kaiserlich- Kénigliche Zoologisch-Botanische Gesellschaft. 
Washington (D.C.) —Academy of Sciences. 
—. Philosophical Society. 
Wellington (N.Z.).—New Zealand Institute. 
Wiesbaden.—Nassauischer Verein fiir Naturkunde. 
Worcester.— W orcestershire Naturalists’ Club. 
York.— Yorkshire Philosophical Society. 
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Abendanon, E. 
Agassiz, G. R. 
Andrews, E. C. 
Arsandaux, M. 

Bancroft, N. 
Barrois, C. 
SS. aoe 
Binnie, W.J.E. 
Bottcher, G. 

Carruthers, W. 
Carus- Wilson, C. 
Cayeux, L. 
Chapman, F. 
Chatwin, C. P. 
Clarke, J. M. 
Cotter, G. de P. 
Crook, T. 
Cross, W. 

Dale, W. 
Davison,C. 
Dawkins W. B. 
Dawson, C. ee 
Deeley, R. M. 
Derham, W. 
Dewey, H. 
Ditmas, F. I. L. 
Dollfus, G. F. 
Pee borm, Aolgrs** "+" * 

Elgee, F. 

Fisher, the Rev. 0. 
Pebouriansis. -.......-: 

Fritsch, A. 

Gagel, C. 
Garwood, E. J. 

_ Gosselet, J. 
Gracht, W. A. J. M. van 

Waterschoot ‘van der: - 
Green, J. F. N. 
Gregory, J. W. 
Guppy, R. J. L. 

Habenicht, H. 
Hall, T. C. F. 
Halle, T. G. 
Harbort, E. 
Harger, H.S. 
Hart, T. S. 
Haward, F. N. 

III. Personat Donors. 

| 
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Hermann, F. 
Hinde, G. J. 
Hogben, G. 
Holmes, A. 
Holmquist, P. J. 
Hopkinson, J. 
Hull, E. 

Issel, A. 
Iwasaki, C. 

Jackson, J. W. 
Jaworski, E. 
Jentzsch, A. 
Jeremine, E. 
Jodot, P. 
Johannsen, A. 
Johnson, W. 
Jukes-Browne, A. J. 

Kato, T. 
Kayser, E. 
Kidner, H. 
King, W. N. 
Kitson, A. E. 
Keenen, A. von. 

Lacroix, A. 
Lambe, L. M. 
Lapworth, H. 
La Touche, T. D. 
Leach, A. L. 
Lemoine, P. 
Leuchs, K. 
Louderback, G. D. 
Lugeon, M. 

Maitland, A. G. 
Manson, W. 
Mantle, H. G. 
McLintock, W. F. P. 

.. Mellor, E. T. 
Mennell, F. P. 
Merrill, G. P. 
Monckton, H. W. 
Monestier, J. 

- Negri, G. 
-- Newton, E. T. 
Newton, R. B. 

Osborn, H. F. 

Palache, C. 
Park, J 
Parkinson, J. 
Pastor y Giraud, A. 
Penck, A. 
Pia, J. von. 
Pirsson, L. V. 

“XXVI 

Postlethwaite, J. 
Prosser, C. 8. 
Pruvost, P. 

Reed, F. B.C. 
Reid, C. 

‘-Reusch, H. 
Rothpletz, A. 
Rouyer, C. 
Ruedemann, R. 

Sacco, F. 
Sawyer, A. R. 
Schaller, W. T. 
Schucht, A. 
Schwarz, E. H. L. 
Searle, A. B. 
Sederholm, J. J. 
Seward, A. C. 
Shaw, F. 
Sheppard, T. 
Skeats, E. W 
Skey, H. W. 
Sobral, J. M. 
Speight, R. 
Spencer, J. W. 
Spitaler, R. 
Stille, H. 
Stopes, M. C. 
Suess, E. 

‘+; Summers, E. W. 

Termier, P. 
Thomas, H. Hamshaw. 
Térnquist, L. 
Tronquoy, R. 
Tyrrell, J. B. 

Voit, F. W. 

Wade, A. 
Wallace, R. C. 
Washington, H. S. 
Watson, C. H. 
Webb, W. L. 
Werth, E. 
Whitaker, W. 
Williams, E. H. 
Williston, S. W. 
Withers, T. H. 
Wittich, E. 
Woodward, Henry. 
Woodward, H. B. 
Worth, R. H. 
Wright, G. F. 

Young, A. 

Zealley, A. E. V. 
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COMPARATIVE STATEMENT OF THE NUMBER OF THE SOCIETY AT 

THE CLOSE OF THE YEARS 1912 anp 1913. 

Dec. 31st, 1912. Dee, 31st, 1913. 
Compounders .. cena BT bie | Saas 245— 

' Contributing Fellows......... LOST SD sen eee _ 1057 
Non-Contributing Fellows... eee a 18 

| 1299 1320 
Foreign Members ............ AO ese on te 
Foreign Correspondents..2...0 |“ SF 0) Wiesceeseee Biek 

1376 1395 

Comparative Statement, explanatory of the Alterations in the 
Number of Kellows, Foreign Members, and Foreign Correspon- 
dents at the close of the Years 1912 and 1918. 

Number of Compounders, Contributing, and Non- 1299 

Contributing Fellows, December 31st, 1912 .. ‘ 

Add Fellows elected during the former year aw 
Ly 

(WANG Any HONS Se oe RE ah its soc esa SUSE ce 

Add Fellows elected and paid in 1918 ............ 48 

| 1364 
Deduct Compounders deceased .............0..0.005 <3 ee 

Non-Contributing Fellows deceased ......... 3 
Contributing Fellows deceased ............... 14 
Contributing Fellows resigned ............... 17 
Contributing Fellows removed ............... 3 

— 44 

1320 
Number of Foreign Members and Foreign ies = 

respondents, December 31st, 1912 .........3.... = 

Deduct Foreign Members ae and he aes Cor- md 4 
respondent (1) deceased . 

: 73 
Add Foreign Correspondents elected ............... 2 

— °" ie 

1395. 
——ae 
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DECEASED FELLOWS, 

Compounders (7). 

Anderson, Dr. i Milne, Dr. J. 
Avebury, Lord. Parsons, Dr. H. F. 
Brogden, H. | Sclater, Dr. P. L. 
Jamieson, T. F. | 

Non-contributing Fellows (3). 

Hobbins, Dr. J. Mitchell, F. J. 
Lamont, Sir James. 

Resident and other Contributing Fellows (14). 

Barnes, F. J. | Gwinnell, R. F. 
Bell,.S. N. | | Habershon, M. H. H. 
Canham, the Rev. H. | Lobley, J. L. 
Churchward, W. G. - Mitchell, Dr. A. 
Coombs, J. A. Slater, H. K. 
Cope, T. H. Sutcliffe, W. H. 
Foote, R. B. Wilkins, T. 

Frettows REstenepd (17). 

Brown, H. Y. L. Moreing, C. A. 
Cullis, F. J. Palk, D. 8. 
Fowler, the Rev. J. Simpson, A. 
Fox, W. Slater, G. 
Heal, J. H. Smith, G. Hildick. 
Hodgkinson, Prof. W. R. E. Swain, E. 
Leeson, Dr. J. R. Turner, R. D. 

McKay, A. Wilkinson, F. 
McPherson, W. 

Fr~iows REMovED (3). 

Birks, the Rev. J. Mills, M. H. 

Green, G. A. 
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The following Personages were elected Foreign Correspondents 

during the year 1913 

Dr. Emile Haug, of Paris. 

Dr. Per Johan Holmquist, of Stockholm. 

After the Reports had been read, it was resolved :— 

That they be received and entered on the Minutes of the Meeting, 
and that such parts of them as the Council shall think fit be printed 

and circulated among the Fellows. 

It was atterwards aaa —— 

That the thanks of the Society be given to Dr, A. | strabatl the 

retiring President; to Dr. A. 8S. Woodward, the retiring Secretary ; 
to: Prof Ee SW. Capea Mr. R. D. Oldham, and Prof. W. W. 

Watts, the retiring Vice-Presidents (all three retiring also from 

the Council); and to the other retirmg Members of Council: 

Dr. G. T. Prior and Dr, A. Vaughan. 

After the Balloting-Glasses had been closed, and the Lists 
examined by the Scrutineers, the following gentlemen were declared 

to have been duly elected as the Officers and Council for the 

ensuing year :— 
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OFFICERS AND COUNCIL.—1914. 

PRESIDENT. 

Arthur Smith Woodward, LL.D., F.R.S., F.L.S. 

VICE-PRESIDENTS. 

Henry Howe Bemrose, J.P., Sc.D. 

William Hill. ah 
Clement Reid, F.R.S., F.L.S.: 

Aubrey Strahan, Se.D., LL.D., F.R.S. 

SECRETARIES. 

Herbert Henry Thomas, Se.D., B.Sc. 

Herbert Lapworth, D.Sc., M.Inst.C.E. 

FOREIGN SECRETARY. 

Sir Archibald Geikie, O.M., K.C.B., D.C.L., LL.D., Se.D., 
| F.RS. 

TREASURER. 

Bedford McNeill, Assoc. R.S.M. 

COUNCIL. — 

Henry A. Allen. | | Herbert Laiwortl 
Henry Howe Bemrose; J.P., Sc.D. C.E. 
Prof. Thomas George Bonney, Se.D., | Bedford McNeill, Assoc.R.S.M. 

LL.D., F.R.S. Horace W oollaston Monckton, 
Charles Gilbert Cullis, D. Se. | Treas.L.S. 
R. Mountford Deeley, M-Inst:C.E. | Edwin Tulley Newton, F. RS. 
James Vincent Elsden, D.Sc. Clement Reid, F.R.S., F.L‘S. 

D.Se., -M Inst. 

John William Evans; D.Sc., LL.B. 
Prof. William George Fearnsides, 

M.A. | 
Sir Archibald Geikie, O.M., K.C.B., 

D.C.L., LL.D., Se.D., F.R.S. 
Walcot Gibson, D.Sc. 
William Hill. 
Prof. Owen Thomas Jones, 

D.Sc. 

| Prof. William J ohnson Sollas, M.A., 
Se.D., LL.D., F.R.S. 

| Aubrey Strahan: Se.D., LL.D.; BF. RS. 
| Herbert Henry ‘Thomas; -S8e.D., 
eM 5 = Rees : 

William Whitaker, B. he F.RS. 
The Rev. Henry Hoyte Winwood, 

M.A. 
Arthur Smith Woodward, LL.D., 

FE.R.S., F.L.S. 
' 
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LIST OF 

THE FOREIGN MEMBERS 

OF THE GEOLOGICAL SOCIETY OF LONDON, 1n 1913. 

Date of 
Election. 
1877. Prof. Eduard Suess, Vienna. 
1884. Commendatore Prof. Giovanni Capellini, Bologna. 
1885. Prof. Jules Gosselet, Lede. 
1886. Prof. Gustav Tschermak, Vienna. 
1890. Geheimrath Prof. Heinrich Rosenbusch, Heidelberg. (Deceased.) 
1891. Prof. Charles Barrois, Zzile. 
1893. Prof. Waldemar Christofer Brogger, Christiania. 
1898. Prof. Alfred Gabriel Nathorst, Stockholm. 
1894. Prof. Edward Salisbury Dana, New Haven, Conn. (U.S_A.). 
1895. Dr. Grove Karl Gilbert, Washington, D.C. (U.S.A.). 
1896. Prof. Albert Heim, Ziirich. 
1897. Dr. Hans Reusch, Christiania. 
1898. Dr. Charles Doolittle Walcott, Washington, D.C. (U.S.A.). 
1899. Prof. Emanuel Kayser, Marburg. 
1899. M. Ernest Van den Broeck, Brussels. 
1900. M. Gustave F. Dollfus, Pars. 
1900. Prof. Paul von Groth, Munich. 
1900. Dr. Sven Leonhard Tornquist, Land. 
1901. M. Alexander Petrovich Karpinsky, St. Petersburg. 
1901. Prof. Alfred Lacroix, Paris. . 
1908. Prof. Albrecht Penck, Berlin. 
1903. Prof. Anton Koch, Budapest. 
1904. Prof. Joseph Paxson Iddings, Brinklow, Maryland (U.S.A.). 
1904. Prof. Henry Fairfield Osborn, New York (U.S.A.). 
1905. Prof. Louis Dollo, Brussels. 
1905. Prof. August Rothpletz, Menich. 
1906. Prof. Count Hermann zu Solms-Laubach, Strasbury. 
1907. Hofrath Dr. Emil Ernst August Tietze, Vienna. 
1907. Commendatore Prof. Arturo Issel, Genoa. 
1908. Prof. Bundjiré Két6, Tokyo. 
1908. Dr. Feodor Chernyshev, S¢. Petersburg. (Deceased.} 
1909. Prof. Johan H. L. Vogt, Christiania. 
1909. Prof. René Zeiller, Paris. 
1911. Prof. Baron Gerard Jakob de Geer, Stockholm. 
1911. M. Emmanuel de Margerie, Paris. | 
1912. Prof. Marcellin Boule, Paris. 
1912. Prof. Johannes Walther, Halle an der Saale. 

— 
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LIST OF 

THE FOREIGN CORRESPONDENTS 

OF THE GEOLOGICAL SOCIETY OF LONDON, rw 1913. 

Date of - 
Election. 

1879. 
1889. 
1890. 
1892. 
1893. 
1895. 
1894, 
1898. 

1899. 
1899. 
1899. 
1899. 
1900. 
1901. 
1902. 
1902. 
1902. 
1904. 
1904. 
1904. 

1904. 
1904. 
1906. 
1906. 
1906. 
1908. 
1909. 
1909. 
1911. 
1911. 
1912. 
1912. 
1912. 
1912. 
1912. 
1912, 
1913. 
1913. 

Dr. H. Emile Sauvage, Boulogne-sur-Mer. 
Dr. Rogier Diederik Marius Verbeek, The Hague. 
Geheimer Bergrath Prof. Adolph von Kcenen, Gottingen. 
Prof. Johann Lehmann, Weimar. 
Prof. Aléxis P. Pavlow, Moscow. 
M. Ed. Rigaux, Boulogne-sur-Mer. 
Dr. Francisco P. Moreno, Za Plata. 

Dr. W. H. Dall, Washington, D.C. (U.S.A.). 
Dr. Gerhard Holm, Stockholm. 

' Prof. Theodor Liebisch, Berlin. 

Prof. Franz Loewinson-Lessing, St. Petersburg. 
M. Michel F. Mourlon, Brussels. 
Prof. Federico Sacco, Turin. 
Prof. Friedrich Johann Becke, Vienna. 

Prof. Thomas Chrowder Chamberlin, Chicago, Jil. (U.S.A.). 
Dr. Thorvaldr Thoroddsen, Copenhagen. 
Prof. Samuel Wendell Williston, Chicago, Til. (U.S.A.). 
Dr. William Bullock Clark, Baltimore (U.S.A.). 
Dr. Erich Dagobert von Drygalski, Charlottenburg. 
Prof. Giuseppe de Lorenzo, Naples. 

The Hon. Frank Springer, Hast Las Vegas, New Mexico (U.S.A.). 
Dr. Henry 8. Washington, Washington, D.C. (U.S.A.). 

Prof. John M. Clarke, Albany, N.Y. (U.S.A.). 
Prof. William Morris Davis, Cambridge, Mass. (U.S.A.). 
Dr. Jakob Johannes Sederholm, Helsingfors. 
Prof. Hans Schardt, Ziirich. 
Dr. Daniel de Cortazar, Madrid. 
Prof. Maurice Lugeon, Lausanne. 
Prof. Arvid Gustaf Hogbom, Upsala. 
Prof. Charles Depéret, Lyons. 
Dr. Frank Wigglesworth Clarke, Washington, D.C. (U.S.A.). 
Dr. Whitman Cross, Washington, D.C. (U.S.A.). 
Baron Ferencz Nopcesa, Temesmegye (Hungary). 
Prof. Karl Diener, Vienna. 
Prof. Fusakichi Omori, Tokyo. 
Prof. Ernst Weinschenk, Munich, 
Dr. Emile Haug, Paris. 
Dr. Per Johan Holmquist, Stockholm. 

VOL. LXX. ¢ 



XXXIV. PROCEEDINGS OF THE GEOLOGICAL sociETY. [April 1914, 

AWARDS OF THE WOLLASTON MEDAL 

UNDER THE CONDITIONS OF THE ‘ DONATION FUND 7 

ae ESTABLISHED BY = 

WILLIAM HYDE WOLLASTON, M.D., F.R.S., F.G.S., ure. 

To promote researches concerning the mineral structure of the Earth, and to ~ 

enable the Council of the Geological Society to reward those individuals of any 

country by whom such researches may hereafter be made, —‘ such individual not 

being a Member of the Council.’ — 

1831. Mr. William Smith. 
1835. Dr. Gideon A. Mantell. 
1886. M. Louis Agassiz. 

Capt. T. P. Cautley. 
1887, 1 De Haan Falconer. 
1838. Sir Richard Owen. 
1839. Prof. C. G. Ehrenberg. 
1840. Prof. A. H. Dumont. > 
1841. M. Adolphe T. Brongniart. 
1842. Baron Leopold von Buch. 

M. Elie de Beaumont. 
1843. 1M. P. A. Dufrénoy. 
1844. The Rev. W. D. Conybeare. 
1845. Prof. John Phillips. 
1846, Mr. William Lonsdale. 
1847, Dr. Ami Boué. 
1848. The Very Rev. W. Buckland. 
1849, Sir Joseph Prestwich. 
1850, Mr. William Hopkins. 
1851, The Rev. Prof. A. Sedgwick. 
1852, Dr. W. H. Fitton. 

LESS. ) M. E. de Verneuil. — 
1854. Sir Richard Griffith. 
1855. Sir Henry De la Beche. 
1856. Sir William Logan. 
1857. M. Joachim Barrande. 
1858. ae Hermann von suit | 

Prof. James Hall. 
1859: Myr. Charles Darwin. 
1860: Mr. Searles V. Wood. 
1861: Prof. Dr. H. G. Bronn. 
1862. Mr. R. A. C. Godwin-A.usten. 
1863. Prof. Gustav Bischof. . 
1864. Sir Roderick Murchison. 
1865. Dr. Thomas Davidson. 
1866. Sir Charles Lyell. 
1867. Mr. G. Poulett Scrope. 
1868. Prof. Carl F. Naumann. 
1869. Dr. Henry C. Sorby. 
1870. Prof. G. P. Deshayes. 
1871. Sir Andrew Ramsay.* 
1872. Prof. James D. Dana. 

| M.le Vicomte A. d’Archiac. 

1873. Sir P. de M. Grey Egerton 
1874. Prof. Oswald Heer. 
1875. Prof. L. G. de Koninck. 
1876. Prof. Thomas H. Huxley. 
1877. Mr. Robert Mallet. — 
1878. Dr. Thomas Wright. 
1879. Prof. Bernhard Studer. 

- 1880. Prof. Auguste Daubrée. 
1881. Prof. P. Martin Duncan. 
1882. Dr. Franz Ritter von Hauer, - 
1883. Dr. William T. Blanford. 
1884, Prof. Albert Jean Gaudry. 
1885. Mr. George Busk. ~ a 
1886. Prof. A. L. O. Descloizeaux. 
1887, Mr. John Whitaker Hulke, 
1888. Mr. Henry B. Medlicott. 
1889. Prot.Thomas George Bonney. 
1890. Prof. W. C. Williamson. ~ 
1891. Prof. John Wesley Judd. 
1892. Baron F. von Richthofen. 
1893. Prof. Nevil Story Maskelyne. — 
1894, Prof.Karl Alfred von Zittel. . 
1895. Sir Archibald Geikie. 
1896. Prof. Eduard Suess, 
1897. Mr. Wilfrid H. Hudleston, — 
1898. Prof. Ferdinand Zirkel. 
1899. Prof. Charles Lapworth. | 
1900. Dr. Grove Karl Gilbert. 
1901. Prof. Charles Barrois. 
1902. Dr. Friedrich Schmidt. 
1903. Prof. Heinrich Rosenbusch. 
1904, Prof. Albert Heim. 
1905. Dr. J. J. Harris Teall. 
1906. Dr. Henry Woodward. 
1907. Prof. William J. Sollas. 
1908. Prof. Paul von Groth. 
‘1909. Mr. Horace B. Woodward. 
1910. Prof. W. B. Scott. 
1911. Prof. Waldemar C. Brégger. 
1912. Dr. Lazarus Fletcher. 
1913. The Rev. Osmond Fisher. 
1914. Dr. John Edward Marr. 
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1831. 

1833. 
1854. 
1885. 
1836. 
1838. 
1839. 
1840. 
1841. 
1842. 
1843. 
1844. 
1845. 
1846. 
1847. 

1848. 

1849. 
1850. 
1851. 
1852. 
1853. 
1854. 

1855. 

1856. 
1857. 
1858. 
1859. 

1860. 

1861. 
1862. 
1863. 
1864. 
1865. 

1866. 
1867. 
1868. 
1869. 
1870. 
1871. 
1872. 

AWARDS 

ANNUAL REPORT. 

OF THE 

BALANCE OF THE PROCEEDS OF THE WOLLASTON 

‘DONATION FUND, : 

Mr. William Smith. 

Mr. William Lonsdale. 

M. Louis Agassiz. 
Dr. Gideon A. Mantell. 

Prof. G. P. Deshayes. 
Sir Richard Owen. 

Prof. C. G. Ehrenberg. 

Mr. J. De Carle Sowerby. 
Prof. Edward Forbes. 

Prof. John Morris. 

Prof. John Morris. 

Mr. William Lonsdale. 

Mr. Geddes Bain. 

Mr. William Lonsdale. 

M. Alcide d’Orbigny. 
} Cape of Good Hope fossils. 
M. Alcide d’Orbigny. 

Mr. William Lonsdale. 

Prof. John Morris. 

M. Joachim Barrande. 

Prof. John Morris. 

Prof, L. G. de Koninck. 

Dr. Samuel P. Woodward. 

Dr. G. Sandberger. 
Dr F. Sandberger. 
Prof. G. P. Deshayes. 
Dr. Samuel P. Woodward. 

Prof. James Hall. 

Mr. Charles Peach. © 

Prof. T. Rupert Jones. 
1 Mr W. K. Parker. 
Prof, Auguste Daubrée. 
Prof. Oswald Heer. 

Prof. Ferdinand Senft. 

Prof. G. P. Deshayes. 
Mr. J. W. Salter 

Dr. Henry Woodward. 
Mr. W. H. Baily. 

M. J. Bosquet. 
Dr. William Carruthers. 

M. Marie Rouault. 

Mr. Robert Etheridge. 
Dr. James Croll. 

| 1878. 
1874, 
1875. 
1876. 

| 1877. 
| 1878. 

1879. 
1880. 
1881. 
1882. 
1883. 
1884. 
1885. 
1886. 
1887. 
1888. 
1889. 
1890. 
1891. 
1892. 
1893. 
1894. 
1895. 
1896. 
1897. 

1898, 
1899. 

1900. 
1901. 
1902. 

1908. 
1904. 

1905. 
1906. 
1907. 
1908. 
1909. 

_ 1910. 
| 1911. 

1912. 
1913, 
1914 

Prof. John Wesley Judd. 
Dr. Henri Nyst. 
Prof. Louis C. Miall. 
Prof. Giuseppe Seguenza. 
Mr. Robert Etheridge, jun. 
Prof. William J. Sollas. 
Mr. Samuel Allport. 
Mr. Thomas Davies. 
Dr. Ramsay H. Traquair. 
Dr. George Jennings Hinde. 
Prof. John Milne. 
Mr. Edwin Tulley Newton. 
Dr. Charles Callaway. 
Mr. J. Starkie Gardner. 
Dr. Benjamin Neeve Peach.,. 
Dr. John Horne. 
Dr. A. Smith Woodward. 
Mr. William A. E. Ussher. 
Mr. Richard Lydekker. 
Mr. Orville Adelbert Derby. 
Mr. John George Goodchild. 
Dr. Aubrey Strahan. 
Prof. William W. Watts. 
Dr. Alfred Harker. 
Dr. Francis Arthur Bather:. 
Prof. Edmund J. Garwood.. 
Prof. John B. Harrison. 
Dr. George Thurland Prior:. 
Dr. Arthur Walton Rowe.. 
Mr. Leonard James Spencer. 
Mr. L. L. Belinfante. 
Miss Ethel M. R. Wood. 
Dr. Henry Howe Bemrose:. 
Dr. Finlay Lorimer Kitchin. 
Dr. Arthur Vaughan. 
Dr. Herbert Henry Thomas.. 
Mr. Arthur J. C. Molyneux. 
Mr. Edward B. Bailey. 
Prof. Owen Thomas Jones. 
Mr. Charles Irving Gardiner. 
Mr. William Wickham King. 
Mr. Richard B. Newton. 

c2 



XXXV1 PROCEEDINGS OF THE GEOLOGICAL SOCIETY. 

RY ae 

[April 1914, 

AWARDS OF THE MURCHISON MEDAL 

UNDER THE CONDITIONS OF THE 

‘MURCHISON GEOLOGICAL FUND, 

ESTABLISHED UNDER THE WILL OF THE LATE 

SIR RODERICK IMPEY MURCHISON, Barr., F.R.S., F.G-S. 

“To be applied in every consecutive year, in such manner as the Council of the 

Society may deem most useful in advancing Geological Science, whether by 
granting sums of money to travellers in pursuit of knowledge, to authors of 
memoirs, or to persons actually employed in any enquiries bearing upon the 

science of Geology, or in rewarding any such travellers, authors, or other persons, © 

and the Medal to be given to some person to whom such Council shall grant 

any sum of money or recompense in respect of Geological Science.’ 

1878. 
1874. 

1875. 

1876. 
1877. 
1878. 
1879. 
1880. 
1881. 
1882. 

1883. 
1884. 
1885. 
1886, 
1887. 
1888. 
1889. 
1890. 
1891. 
1892. 
1893. 
1894, 

Mr. William Davies. 

Dr. J. J. Bigsby. 
Mr. W. J. Henwood. 

Mr. Alfred R. C. Selwyn. 
The Rey. W. B. Clarke. 

Prof. Hanns Bruno Geinitz. 

Sir Frederick M‘Coy. 
Mr. Robert Etheridge. 
Sir Archibald Geikie. 

Prof. Jules Gosselet. 

Prof. H. R. Goeppert. 
Dr. Henry Woodward. 
Dr. Ferdinand von Roemer. 
Mr. William Whitaker. 

The Rev. Peter B. Brodie. 

Prof. J. 8. Newberry. 
Prof. James Geikie. 

Prof. Edward Hull. 

Prof. Waldemar C. Broégger. 
Prof. A. H. Green. 

The Rev. Osmond Fisher. 

Mr. William T. Aveline. 

1895. 
1896. 
1897. 
1898. 

1899. 

1900. 
1901. 
1902. 
1903. 
1904. 

1905. 
1906. 
1907. 
1908. 
1909. 
1910. 

1911. 
1912. 
1913. 

1914, 

Prof. Gustaf Lindstrém. 

Mr. T. Mellard Reade. ‘ 

Mr. Horace B. Woodward. 

Mr. Thomas F. Jamieson. 

Dr. Benjamin Neeve Peach. 
ea John Horne. 

Baron A. EK. Nordenskiold. 

My. A. J. Jukes-Browne. 
Mr. Frederic W. Harmer. 
Dr. Charles Callaway. 
Prof. George A. Lebour. 
Mr. Edward John Dunn. 

Mr. Charles T. Clough. 
Mr. Alfred Harker. 

Prof. Albert Charles Seward. 

Prof. Grenville A. J. Cole. 

Prof. Arthur Philemon 

Coleman. 

Mr. Richard Hill Tiddeman. 

Prof. Louis Dollo. 

Mr. George Barrow. 
Mr. William A. E. Ussher. 

ee 
ca 

aes oe 
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AWARDS 

OF THE 

BALANCE OF THE PROCEEDS OF THE 

‘MURCHISON GEOLOGICAL FUND.’ 

Prof. Oswald Heer. 

1874. Mr. Alfred Bell. 

1875. 
1876. 
Si7. 
1878. 
1879. 
1880. 
1881. 
1882. 
1883. 
1884. 
1885. 
1886. 
1887. 
1888. 
1889. 
1890. 
1891. 
1892. 
1893. 

Prof. Ralph Tate. 
Prof. H. Govier Seeley. 
Dr. James Croll. 
The Rev. John F. Blake. 
Prof. Charles Lapworth. 
Mr. James Walker Kirkby. 
Mr. Robert Etheridge. 
Mr. Frank Rutley. 
Prof. Thomas Rupert Jones. 
Dr. John Young. 
Mr. Martin Simpson. 
Mr. Horace B. Woodward. 

Mr. Clement Reid. 

Dr. Robert Kidston. 

Mr. Edward Wilson. 

Prof. Grenville A. J. Cole. 

Mr. Edward B. Wethered. 

The Rey. Richard Baron. 

Mr. Beeby Thompson. 
Mr. Griffith John Williams. 

1894, 
1895. 

1896. 
1897. 
1898. 
1899. 
1900. 
1901. 
1902. 

1908. 
1904. 
1905. 
1906. 
LOOT; 
1908. 
1909. 
1910. 
1911. 
1912. 
1913. 

1914. 

Mr. George Barrow. 
Prof. Albert Charles Seward. 

Mr. Philip Lake. 
Mr. 8. S. Buckman. 

Miss Jane Donald. 

Mr. James Bennie. 

Mr. A. Vaughan Jennings. 
Mr. Thomas S. Hall. 

Sir Thomas H. Holland. 

Mrs. Elizabeth Gray. 
Dr. Arthur Hutchinson. 

Prof. Herbert L. Bowman. 

Dr. Herbert Lapworth. 
Dr. Felix Oswald. 

Miss Ethel Gertrude Skeat. 

Dr. James Vincent Elsden. 

Mr. John Walker Stather. 

Mr. Edgar Sterling Cobbold.. 
Dr. Arthur Morley Davies. 
Mr. Ernest Edward Leslie: 

Dixon. 

Mr. Frederick Nairn Haward. 
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XXXVI PROCEEDINGS OF THE GEOLOGICAL society. | April 1914, 

AWARDS OF THE LYELL MEDAL 

UNDER THE CONDITIONS OF THE 

‘LYELL GEOLOGICAL FUND, 

ESTABLISHED UNDER THE WILL AND CODICIL OF THE LATE 

SIR CHARLES LYELL, Barr., F.R.S., F.G:S. 

The Medal ‘ to be cast in bronze and to be given annually’ (or from time to time) 
‘as a mark of honorary distinction and as an expression on the part of the 

governing body of the Society that the Medallist (who may be of any country 

or either sex) has deserved well of the Science, —‘ not less than one third of the 
annual interest [of the fund] to accompany the Medal, the remaining interest 

' to be given in one or more portions, at the discretion of the Council, for the 

encouragement of Geology or of any of the allied sciences by which they shall 

consider Geology to have been most materially advanced, either for travelling 
expenses or for a memoir or paper published, or in progress, and without 

reference to the sex or nationality of the author, or the language in which any 
such memoir or paper may be written.’ 

There is a further provision for suspending the award for one year, and in 

such case for the awarding of a Medal to ‘each of two persons who have been 

jointly engaged in the same exploration in the same country, or perhaps on 

allied subjects in different countries, the proportion of interest always not heme 

less to each Medal than one third of the annual interest.’ 

1876. Prof. John Morris. 1897. Dr. George Jennings Hinde. 
1877. Sir James Hector. ' 1898. Prof. Wilhelm Waagen. — 
1878. Mr. George Busk. 1899. Lt.-Gen. C. A. McMahon. | 

1888. 
1889. 
1890. 
1891. 
1892. 

Prof. Henry A. Nicholson. 
Prof. W. Boyd Dawkins. 
Prof. Thomas Rupert Jones. 
Prof. T. McKenny Hughes, 
Mr. George H. Morton. 

1908. 
1909. 
1910. 

1911, 

1879. Prof. Edmond Hébert. 1900. Dr. John Edward Marr. 
1880. Sir John Evans. 1901. Dr. Ramsay H. Traquair. 
1881. Sir J. William Dawson. 1902 oe Anton Fritsch. 
‘1882. Dr. J. Lycett. “| Mr. Richard Lydekker, 
1883. Dr. W. B. Carpenter. 1903. Mr. Frederick W. Rudler. 
1884. Dr. Joseph Leidy. 1904, Prof. Alfred G, Nathorst. 
1885. Prof. H. Govier Seeley. 1905. Dr. Hans Reusch. 
‘1886. Mr. William Pengelly. 1906. Prof. Frank Dawson Adams. 
1887. Mr. Samuel Allport. 1907. Dr. Joseph F. Whiteaves. 

Mr. Richard Dixon Oldham. 

Prof. Percy Fry Kendall. 
Dr. Arthur Vaughan. 
Dr. Francis Arthur Bather. 

Dr. Arthur Walton Rowe. 
1893. Mr. Edwin Tulley Newton. | 1912. Mr. Philip Lake. 
1894. Prof. John Milne. 1913. Mr. 8S. S. Buckman. 

1895. The Rev. John F. Blake. 1914. Mr. C. S. Middlemiss. 
1896. Dr. A. Smith Woodward. q 
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1876. 
1877. 
1878. 
1879. 
1879. 
1880. 
1881. 
1881. 
1882. 
1882. 
1883. 
1883. 
1884. 
1885. 
1886. 
1887. 
1888. 
1888. 
1889. 
1890. 
1891. 
1891. 
1892. 
1892. 
1893. 
1893. 
1894. 
1895, 
1895. 
1896. 
1896. 

1897, 

AWARDS 

ANNUAL REPORT. 

OF THE 

XXX1k 

BALANCE OF THE PROCEEDS OF THE 

‘LYELL GEOLOGICAL FUND,’ 

Prof. John Morris. 
Mr. William Pengelly. 
Prof. Wilhelm Waagen. 
Prof. Henry A. Nicholson. 
Dr. Henry Woodward. - 
Prof. F. A. von Quenstedt. 
Prof. Anton Fritsch. 
Mr. G. R. Vine. | 
The Rev. Norman Glass. 
Prof. Charles Lapworth. 
Mr. P. H. Carpenter. 
M. Ed. Rigaux. 
Prof. Charles Lapworth. 
Mr. Alfred J. Jukes-Browne. 

Mr. David Mackintosh. 

The Rey. Osmond Fisher. 

Dr. Arthur H. Foord. 
Mr. Thomas Roberts. 

Prof. Louis Dollo. | 

Mr. Charles D. Sherborn. 

Dr. C. I. Forsyth-Major. 
Mr. George W. Lamplugh. 
Prof. John Walter Gregory. 
Mr. Edwin A. Walford. 

Miss Catherine A. Raisin. 

Mr. Alfred N. Leeds. 

Mr. William Hill. 

Prof. Percy Fry Kendall. 
Mr. Benjamin Harrison. 
Dr. William F. Hume. 

Dr. Charles W. Andrews. 

Mr. W. J. Lewis Abbott. 

1897. 
1898, 
1898, 
1899. 
1899. 
1900. 
1901. 
1901. 
1902. 
1903. 
1903. 
1904. 
1904. 
1905. 
1905. 
1906. 
1906. 
1907. 

| 1907. 
1908. 
1908. 
1909. 
1909. 
1910. 
1910. 
1911. 
1912. 
1912. 
1913. 
1914. 
1914. 

Mr. Joseph Lomas. 
Mr. William H. Shr ubsole, 

Mr. Henry Woods. 
My. Frederick Chapman. 
Mr. John Ward. ~— 

Miss Gertrude L. Elles. 

Dr. John William Evans. 

Mr. Alexander McHenry. © 
Dr. Wheelton Hind. 

Mr. Sydney S. Buckman. 
Mr. George Edward Dibley. 
Dr. Charles Alfred Matley. 
Prof. Sidney Hugh Reynolds. 
Dr. E. A. Newell Arber. 

Dr. Walcot Gibson. 

Prof. W. G. Fearnsides, 

Mr. Richard H. Solly. 
Mr. 'T. Crosbee Cantrill. 

Mr. Thomas Sheppard. 
Prof. Thomas F, Sibly. 
Mr. H. J. Osborne White. 

Mr. H. Brantwood Maufe. 

Mr. Robert G. Carruthers, 

Dr. F. R. Cowper Reed. 
Dr. Robert Broom. 

Dr. Charles Gilbert Cullis. 

Dr, Arthur R, Dwerryhouse. 
Mr. Robert Heron Rastall. 
Mr. Llewellyn Treacher, 
The Rev. Walter Howchin. 

Mr. John Postlethwaite, 
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xl PROCEEDINGS OF THE GEOLOGICAL society. [April 1914, 

AWARDS OF THE BIGSBY MEDAL, 

FOUNDED BY THE LATE 

Dr. J. J. BIGSBY, FBS, F.GS. 

To be awarded biennially ‘as an acknowledgment of eminent services in any depart- 

ment of Geology, irrespective of the receiver’s country; but he must not be 

older than 45 years at his last birthday, thus probably not too old for further 

work, and not too young to have done much.’ 

1877. Prof. Othniel Charles Marsh. 

1879. Prof. Edward Drinker Cope. 
1881. Prof. Charles Barrois. 
1883. Dr. Henry Hicks. 
1885, Prof. Alphonse Renard. 
1887. Prof. Charles Lapworth. 
1889. Dr. J. J. Harris Teall. 
1891. Dr. George Mercer Dawson. 

1893. Prof. William J. Sollas. 
1895. Dr. Charles D. Walcott. / 

1897. 

1899. 

1901. 

1903. 
1905. 

1907. 

1909. 
1911. 
1913. 

Mr. Clement Reid. 

Prof. T. W. Edgeworth 
David. 

Mr. George W. Lamplugh. 
Dr. Henry M. Ami. 
Prof. John Walter Gregory. 
Dr. Arthur W. Rogers. 
Dr. John Smith Flett, 
Prof. Othenio Abel. 
Sir Thomas H. Holland. 

AWARDS OF THE PRESTWICH MEDAL, 

ESTABLISHED UNDER THE WILL OF THE LATE 

SIR JOSEPH PRESTWICH, E.RS., F.GS. 

‘To apply the accumulated annual proceeds... 

providing a Gold Medal of the value of Twenty Pounds, which, with the 
remainder of the proceeds, is to be awarded .. 

at the end of every three years, in 

. to the person or persons, either 

male or female, and either resident in England or abroad, who shall have done well 

for the advancement of the science of Geology ; or, from time to time to accumulate 

the annual proceeds for a period not exceeding six years, and apply the said 

accumulated annual proceeds to some object of special research bearing on 

Stratigraphical or Physical Geology, to be carried out by one single individual or 

by a Committee; or, failing these objects, to accumulate the annual proceeds for 
either three or six years, and devote such proceeds to such special purposes as 
may be decided.’ 

1903. John Lubbock, Baron Avebury. 
1906. Mr. William Whitaker. 

1909. Lady (John) Evans. 

1912. Library extension, 

a a ee — 
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AWARDS OF THE PROCEEDS OF THE BARLOW- 

JAMESON FUND, 

ESTABLISHED UNDEK THE WILL OF THE LATE 

Dr. H. C. BARLOW, F.GS. 

‘ The perpetual interest to be applied every two or three years, as may be approved by 

the Council, to or for the advancement of Geological Science.’ 

1879. 

1881. 

1882, 
1884, 
1884. 
1886. 
1888. 
1890. 
1892. 
1893. 

1894, 
1896. 

1896. 

— 

Purchase of microscope. 
Purchase of microscope - 

lamps. 
Baron C. von Ettingshausen. 

Dr. James Croll. 

Prof. Leo Lesquereux. . 
Dr. H. J. Johnston-Lavis. 

Museum. 

Mr. W. Jerome Harrison. 

Prof. Charles Mayer-Eymar. 
Purchase of scientific in- 

struments for Capt. F, E. 
Younghusband. 

Dr. Charles Davison. 

Mr. Joseph Wright. 
Mr. John Storrie. 

1898. 

1900. 

1900. 

1902. 

1904. 

. 1906. 

1908. 

1911. 

19138 

Mr. Edward Greenly. 

Mr. George C. Crick. 
Dr. Theodore T, Groom. 

Mr. William M. Hutchings. 

Mr. H. J. Ll. Beadnell. 

Mr. Henry C. Beasley. 
Contribution to the Fund for 

the Preservation of the 

‘Grey Wether’ sarsen- 
stones on Marlborough 
Downs. _ 

Mr. John Frederick Norman 

Green. 

Mr. Bernard Smith. 

ea John Brooke Serivenor. 

AWARDS OF THE PROCEEDS OF THE 

‘DANIEL PIDGEON FUND, 

-FOUNDED BY MRS. PIDGEON, IN ACCORDANCE WITH THE 

WILL OF THE LATE 

DANIEL PIDGEON, F.G.S. 

‘An annual grant derivable from the interest on the Fund, to be used at the 
discretion of the Council, in whatever way may in their opinion best promote 

Geological Original Research, their Grantees being in all cases not more than 

twenty-eight years of age.’ 

1903. 

1904, 

1905 

1906. 

1907. 

Prof. E. W. Skeats. 
Mr. Linsdall Richardson. 

Mr. Thomas Vipond Barker. 
Miss Helen Drew. 

Miss Ida L. Slater. 

1908, Mr. James A. Douglas. 

1909. 
1910. 
1911. 
1912. 
1913. 
1914. 

Dr. A. M. Finlayson. 
Mr. Robert Boyle. 
Mr. T. C. Nicholas. 

Mr. Otway H. Little. 
Mr. Roderick U. Sayce. 

Mr. P. G. H. Boswell. 



xin PROCEEDINGS OF THE GEOLOGICAL socrery. [April 1914, 

Estimates Sor 

INCOME EXPECTED. ae, 

£°s. d. See 
Compositions «.s..5.0 6. cea jo apne tae ake slain ony le + Se 0 

Arrears of Admission-Fees ..........+..-- 119 14°90 

Admission-Fees, 1914. .......0....0000 3, Boe eee 
se gas Nan age: . —— ee 

Arrears of Annual Contributions .......... oo 808. 14. 50" Sa 

Annual Contributions, 1914 ................1900' 0 0 be 

Annual Contributions in. advance Rte ac am coat ie O Bam 
. . . —— 2278 14 0 

Sale of the eee "I eee ideniding ie seearrat 
mans’ AGGOnbt. “ichis an ean wk 35 6 cea .* 5260. 0° 0 

Sale of other Publications..............+. inp og aaa "5 Gee 

Miscellancons Heceipis ntiene < oc. o.2. oss <. us 2 ae 10 0 0 

Interest on Deposit-Account.............. «ih, SAS “gO. Oe 

Dividends on £2500 India 3 per cent. Stock... 75 0 0 

Dividends on £300 London, Brighton, & South. . 
Coast Railway 5 per cent. Consolidated eee 
ferente Stock’ | oui s eee ae ine e's cea 15° 020 

Dividends on £2250 London & Nor th-Western 
Railway 4 per cent. Preference Stock ...... ~90 0 0 

Dividends on £2800 London & South-Western 
Railway 4 per cent. Preference Stock ...... 12-0 0 

Dividends on £2072 Midland Railway 25 per 
cent. Perpetual Preference Stock.......... 51 16 

Dividends on £267 6s.7d. Natal 3 per cent.Stock. 8 O 0 

FoF be ———._ 351 16 0 

£3422 4 0 

[Note.—The accumulated interest on the Sorby and Hudleston Bequests, 
which will amount on December 31st, 1914, to £337 15s. 0d., is not 
included in the above estimate of Income expected. ] 

- =e he 

| 



Vol. 70.] FINANCIAL REPORT. 

the Year 1914. 

EXPENDITURE ESTIMATED. 

House-Expenditure : e: 
£ 

Taxes LR ea ae eee etn aii Dt ee aad oe gle Oy x 

Ne I rece oo eves aes gana cuisdeuws Ode ome 
Warntare and Repairs ..........06..6sccce: ae 
House-Repairs and Maintenance ............... 
Wa MEMSTEGNIN COVARIATE io os as v'vn oo wou cud enn eds 
Washing and Sundry ase Mee atic’ Bad ah ah 
AW sai." FS 2: ee 

Salaries and Wages, etc. : 
PRINT - SOCTOUATY «6 2.5' <5... -. si ese ce secs see seecas 

a half Premium Life-Insurance... 
CASS Sti Niche) 
TTS PUTLTE COPE Noe soto oc cisindcicdecs sos screed vss 
ig SONGS S PONSIOR™ 665.5 2hk ec: oi eee eee 
Junior Assistant ...... aries sae eet hie ese eee 
House-Porter and Wite Eset a aa yd ea 
SRS op slew eco ores sabe cevae Sek ver cee 
Charwoman and Gs eeceetaaies ernie’ 
MUP CIMMANING POG <5 52. cee sstuc cla cndde ceed ceescs cue 

Office-Expenditure : 
22 FL LULL yay) ev © A 
Mascollaneous Prmune i... wee Selec 
Postages and Sundry Expenses.................. 

Wiprary (Hovks and Binding)... i.e... cu. es os ce vene case 

Library Catalogue : 
DOTS 2S Sunt eae nO 

Publications : 
Quarterly Journal, including Commission on 
MI ta 2). 205 oot Panieca Sad ac Vea vaene 

Postage on Journal, Addressing, etc. ......... 
Record of Geological Literature ............... 
Abstracts of Proceedings, including Postage . 
OSES PE ULTIV AS ogo iiss cc iu da sieitie ac vacdaactvohece dot 

Estimated excess of Income over Expenditure. . 

Ss. 

— 

oooocoooqooqococnu 

xi 

d, Sete a. 

| S:9'S.2'o S°0'0°9' 6 361 15 0 

400 0 0 
1015 0 
155 0 0 
1100-6 
100 0 0 
6 0 0 
94-0 0 
49 18 0 
200 0 O 
1010 0 
ae 

40 0 O 
60 0 0 
Wh... O40 
—— = er 

250 0 O 

20 0 0 
50 0 0 

' 10-040 

1000 0 0 
100 0 0 
120 0 0 & 
105 0 0 
40 0 0 

=>) [36a eee 

3236 18 O 

185 6.0 

£3422 4 O 

BEDFORD McNEILL, Treasurer. 

January 29th, 1914. 

[Norz.—The cost of Redecoration of the Society's Apartments, involving a 

probable expenditure of about £800, is not included in the above 

estimate. | 



Bars. Meet eae ie 
a ay +: 

Income and Expenditure during the 

RECEIPTS. 
&. dd, ~ © sss 

T’o Balance in the hands of the Bankers at 
January ‘Ist, 1919 2.7.0.0: biker one 

,, Balance in the hands of the Clerk at . 
January Ist TOUS © oh, treat Oe 

Se ie 
| Compostiioms $30.05 5:35.50 ht ail aeeeeek ake 175 0 0 

,, Admission-Fees : 
ATROSTS ica.) Soest ex eeeres 100 16 0 
Current ....... Lege ey Ie 302 8 0 

———— 403 4 0 
,, Arrears of Annual Contributions ...... 174, 6:0) 73a 

,, Annual Contributions for 1913 :— | 
Resident Fellows ............... 1921 10 0 
Non-Resident Fellows ......... Tonk 6 

,, Annual Contributions in advance ...... io 6 -O 
—____—_——- 2170 Is) 6 

.. Publications : ; 

Sale of Quarterly Journal : * 
, Vols. i to Ixviii (less Commission 

BSI HR er) Nitin en ee ee nee 1728 A ae 
Vol. lxix (less Commission 
ES OR OU yee eh se Mehee eae 58 13 6 

een 
» Other Publications (less Commission) ............ Os 

,», Miscellaneous Receipts 202.0. fenei escape siden coe eee 10: 126 

», Interest on Depositi. 2.0.0 c.cccccssendes Sobesceseape haase rn 

,, Dividends (less Income-Tax) :— 

£2500 India 3 per cent. Stock ............ (OAS 
£300 London, Brighton, & South Coast 

Railway 5 per cent. Consolidated 
Preference Stock .................. LA DS 6 

£2250 London & North-Western Railway 
4 per cent. Preference Stock...... 84 15 0 

£2800 London & South-Western Railway 
4 per cent. Preference Stock...... LOS. - Oe ot 

£2072 Midland Railway 25 per cent. ; 
Perpetual Preference Stock ...... 48 15 7 

£267 6s. 7d. Natal 3 per cent. Stock...... TALCD 

——_——- 331 6 L 

* A further sum is due from Messrs. Longmans ——__——_——. 
& Co. for Jcurnal-Sales, etce....... £69' 3:0 £4007 19 5 



Year ended December 31st, 1913. 

PAYMENTS. 
By House-Expenditure : Bars Ss od 

RO ee CCR rs sca caneceewccvesandud sd 15 0 
Fire-Insurance and other Insurance ......... 1613 4 
Electrie Lighting and Maintenance ......... % 7 8 
Bi ee 1 es 
eM OO on ans Lan cay cect erase geal 25-30 0 
Permits AMG MROPAITS§« ... 06. ccc ccc cesescece 170 14 4 
House-Repairs and Maintenance ............ 31 11 4 
PmMRITIN CRUININET hoe oe bei cons ecesesvevsuceis 14 19 10 
Washing and Sundry Expenses............... 34 17 10 
0s SO 1S ea 
eT eT ea 2714 5 
TST TE ol te = ye re 3) “arn 

Ae ee 

5, Salaries and Wages: 
Assistant-Secretary....................0cceseeeee 400 0 0 

» half Premium Life-Imsurance... 1015 0 
ON US Se 206 5 O 

= Pension (W. R. Jones) 25 0 0 
yo STE OO en eee en 105 0 0 
SSC 7 60 19 0 
House-Porter and Wife .....................068 87 16 0 
Si A a 49 18 0 
Charwoman and Occasional Assistance ... 29 18 10 
PUPCOMERLGIS GGL. 0s. dec ence 0 cae dec ce scat ees 10 10 0 

——— 986 1 10 

», Office-Expenditure : 
S20 TD oe a gS Fy a ek SAG 
Miscellaneous Printing ........................ 54 3 5 
Postages and Sundry Expenses............... 73 14 9 

——— 199 2 0 
», Library (Books and Binding, etc.) ........... 225 4 7 
», Library-Catalogue: 

ep Sh eo a 12 4 6 
eS ne ae eee 50. 0 0 

—___—_— 62 4 6 

>, Publications: 
Quarterly Journal, Vol. Ixix, Paper, 

Printing, and Illustrations .................. 957 13 10 
Postage on Journal, Addressing, etc. ...... 106 5 10 
Record of Geological Literature ............ 1616 0 
Abstracts, including Postage.................. 113 13 5 
NEO as ocdh fends fats an less oeneke tae 38 14 3 

—_—_—— 1233 3 

;, Balance in the hands of the Bankers at 
- December 31st, 1913: 
A 96 12 0 
MRM TNOCOUID | os 6 3. Soecatne ste ngenaess s0% 7a0" Oe 

;, Balance in the hands of the Clerk at 
Peeembper stat, POD ie ibs eves 24.13 11 

871 5 11 

We have compared this Statement with £4007 19 5 
the Books and Accounts presented to us, 
and find them to agree. 

J. VINCENT ELSDEN, hue 

S. HAZZLEDINE WARREN, stein pte 

BEDFORD McNEILL, Treasurer. 

January 29th, 1914. 
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Statement relating to the Society’s Property : 

December 31st, 1918. 

See PR 
Balance in the Bankers’ hands, December 31st, 

19158 : 

Oa NOEPeHh AGCOGRG oon ioc. os... ee nes cee secsse nes 96 12 0 
RPM AIGNORTG AGEOUNE civic cre ccetsccdecoscscnccses iol. G0 

Balance in the Clerk’s hands, December 31st,1913 24 13 11 

Due from Messrs. Longmans & Co., on account 

of the Quarterly Journal, Vol. LXIX, ete. .... 69 8 O 

Arrears of Admission-Fees .............0.0000: 119 14 0 

Arrears of Annual Contributions .............. 308 14 0 

Funded Property, at cost price :— 

£2500 India 3 per cent. Stock ............ 2623 19 0 

£300 London, Brighton, & South Coast Rail- 

way 5 per cent. Consolidated Preference 

Pee Re Aes SN ee ee cae eu ela sees 502 15 3 

£2250 London & North-Western Railway 

4 per cent. Preference Stock ............ 2898 10 6 

£2800 London & South-Western Railway 

4 per cent. Preference Stock ............ 3607 7 6 

£2072 Midland Railway 23 per cent. Per- 

petual Preference Stock .............. .. 1850 19 

£267 6s, 7d. Natal 3 per cent. Stock........ 250 0 

£2000 Canada 33 per cent. Stock .......... 1982 11 

497 16 0 
— 

£1369 1 11 

13,716 2 9 . 

{Notr.—The above amount does not include the value of the Library, Furniture, 

and Stock of unsold Publications. The value of the Funded Property of the 

Society, at the prices ruling at the close of business on December 31st, 1913, 

amounted to £9,303 14s. 6d. | 

BEDFORD McNEILL, Treasurer. 

January 29th, 1914. - 
VOLS x: 
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AWARD OF THE WoLLASTON MEDAL.’ 

In presenting the Wollaston Medal to Dr. Joun Epwarp Marr, 
F.R.S., the PresmpEent addressed him as follows :-— 

Dr. Marr,— 

I am pleased that it has fallen to my lot to address, on such an 
occasion as this, one with whom I have so long enjoyed an intimate 

friendship, and by whose work I have profited so greatly. 

At the conclusion of a distinguished University career you 

commenced, in 1878, a series of investigations, through which your 

name will always be associated with the Lower Paleozoic rocks. 
Concentrating your attention first on the zoning of the strata 
between the Coniston Limestone and the Coniston Grits in the Lake 
District, you continued the work of Hughes, Aveline, and Salter, 

established a classification, and discussed the division between the 

Silurian and those Cambrian subdivisions of Sedgwick which are 
now known as Ordovician. In 1880 you carried your researches 

into North Wales, and instituted a comparison of the sequence as 
there developed with that of the Lake District. During the same 
year you laid before this Society the results of your visit to 
Bohemia, where you had been commissioned by the University of 
Cambridge to investigate the ‘Cambrian’ and Silurian sequences, 
with special reference to the boundary between them. In carrying 

this work to a successful issue, you were not only able to institute 
a comparison of the Bohemian and British developments, but 

incidentally to show that there existed serious objections to the 
acceptance of Barrande’s ‘colonies,’ both on paleontological and on 

stratigraphical grounds. Extending your investigations to Scandi- 

navia, you proved that Sedgwick’s classification was applicable in 
that country also, and that the principal stratigraphical and physical 
break occurred at the ‘base of the equivalents of our May Hill 
Beds. 

Your ripe experience of the Lower Paleozoic rocks was then 
turned to account in South Wales, where, in collaboration with 

the late T. Roberts, you undertook the task of subdividing the 
groups which had been outlined by the early surveyors. Your 

success in carrying out this programme may be judged when I say 

that during the recent re-examination of the district by the 
Geological Survey, all the subdivisions made by you and your 
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colleague in 1885 were adopted, and will be utilized in the forth- 
coming maps and memoirs. 

Returning later to the scene af your earliest labours, with the 

late H. A. Nicholson as your colleague, you completed further 

paleontological zoning in the Stockdale Shales, and proved by 

precise field-work that an appearance of unconformity between 

the lowest zone and the Ashgill Shales 1 was deceptive and due to 

strike-faulting. 

In 1891, with Dr. A. Harker, you made a detailed study of the 
effects produced by the intrusion of the Shap Granite upon the 

surrounding rocks. Your familarity with the Lake District strata, 

combined with the petrographical skill of your colleague, enabled you 

jointly to produce a classic account of the phenomena of contact- 
metamorphism, as exhibited in calcareous and siliceous sediments, 
and in igneous rocks. 

Of late years physiographical problems have engaged your 

attention, and, as a result of your observations on mountain-lakes, 

it may be expected that a wiser caution will be exercised than 
heretofore in identifying rock-basins as such, and in postulating 
glacial erosion for tarns. 

But it is not only this long record of original research, of 
necessity incompletely outlined, which the Council have had in 

mind in making this Award. They remember that since 1880 you 

have been continuously engaged at your old University in assist- 

ing the Woodwardian Professor to create the foremost school of 
geology in Britain. The influence of your teaching in the lecture- 
room, in the field, and as conveyed by your text-books, has extended 

farther than perhaps you yourself realize. A happy combination 
of the power to make original research with a facility for imparting 

your knowledge, has enabled you to exercise a profound influence on 

the growth of our science. 
It is, therefore, with great satisfaction that I hand to you, on 

behalf of the Council, the highest honour which it is in their 
power to bestow—the Wollaston Medal. 

Dr. Marr, in reply, said :— 

Mr. PRESIDENT,— 

I feel that the award of this Medal is aue to a combination of a 

number of favourable circumstances. 

I have been fortunate in having worked and published papers in 
d 2 
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conjunction with many geologists, including T. Roberts, Nicholson, 

Harker, Garwood, and Fearnsides. Two of them have, alas! passed 

away, and one of the great griefs of my life was the loss of that 

ardent geologist and genial companion, Alleyne Nicholson. 

My long association with this Society as Officer and Member of 
Council has brought me into contact for many years with men 

from whom I could learn the results of the recent discoveries in 
our science. 

I regard this Award as made, not only to rae but to the 
Cambridge School of Geology; and in speaking of this school 

I would first bear tribute to the advantage of the teaching which 

I received in my undergraduate days from Prof. Hughes and 

Prof. Bonney. During the ’seventies a number of brilliant 
geologists emerged from that school, of whom you, Sir, were one. 

I cannot help acknowledging also the benefits of the teaching in 

_ the field, which I received from an Oxford man whom I have the 

honour of counting as a friend of over forty years’ standing— 
Mr. Tiddeman. 

I have, as you observed, for many years, been myself a teacher in 
the Cambridge School, and here again have benefited from the 

ardour and enthusiasm of my pupils. Their cordial congratu- 

lations to me on receiving this Award show that they, as well 
as I, appreciate the honour. 

Before passing from the subject of Garin: I must refer, Sir, 
to our old College. It is, no doubt, a satisfaction to you as to me 
to find the names of five members of St. John’s enrolled in the list 

of the Wollaston Medallists within the last twenty-five years. 
I thank the Council most sincerely for the bestowal of this their 

highest award. There is, however, an honour which I should rank 

still higher, and that is the cordial approval which I feel that the 
Council and general body of the Fellows would accord to one who 

did his utmost to serve the interests of the Science and of the 

Geological Society to the end of his life. The desire to gain this 
approval will surely stimulate me to work in the future. 

AWARD OF THE Murcuison MEDAL. 

The President then presented the Murchison Medal to 
Mr. Wii1t1am Aveustus Epmonp Ussuer, F.G.S., addressing 
him in the following words :— 
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wt Mr. UssHer,— 

For more than forty years, as a member of the staff of the 

Geological Survey, you devoted yourself whole-heartedly to the 

work entrusted to you. Though at one time or another you were 

engaged in various parts of England, the South-Western Counties 

are those with which your name is most closely associated. Indeed, 

among the many distinguished men who have laboured in Cornwall, 

Devon, and Somerset, you have done more than most to unravel 

the tangle of Paleozoic rocks, and to classify the Newer Red rocks 
_ there exposed. 

So longago as 1875 you communicated your first paper on the 

‘Trias to this Society, and two years later you followed this up by 

a comparison of the Triassic development of the South-West of 
England with those of the Midlands and of Normandy. 

At this time also you began to publish the results of those 

researches on the Paleozoic sequence which were destined to fill 

so large a part of your official career. Partly in association with 

the late A. Champernowne, and with help derived from the writings 

of De la Beche and other early workers in the same field, you 
_ proceeded with what seemed the almost hopeless task of interpret- 

ing the structure of the country and defining the limits of the 
Carboniferous rocks, and of the Upper, Middle, and Lower Devonian 

groups. It is not possible for me, on this occasion, to trace the 

steps by which you reached your final conclusions. I can only 

refer to your published accounts in the Journal of this Society, in 
the Memoirs of the Geological Survey, and in the Transactions of 
the Devonshire Association, and assure you that the exceptional 

difficulty of the task which fell to you, involving as it did a 
bewildering complexity of structure, difficult paleontology, and for 

a time at least an inadequate topographical basis for your work, 

is recognized by all geologists. The Council desire to take this: 

opportunity of testifying their appreciation of your efforts, and on 
their behalf I beg to hand you the Murchison Medal. 

Mr. UssHEr replied in the following words :— 

Mr. PresIpENT,— 

I sincerely thank you, the Council, and the Fellows of this 
_ Society for the honour thus conferred upon me, and for the 

unanimity with which it has been bestowed. The work to which, 
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Sir, you so flatteringly refer was done so long ago that this recog- 

nition is doubly grateful, as a convincing proof that my researches 

have not been forgotten. 
My work among the New Red rocks of the South-Western 

Counties, begun in 1870 and completed in 1880, was inspected by 
my old chief, Sir Andrew Ramsay, who characterized it as ‘ first- 

class work,’ a commendation most encouraging at the time and 

still a highly-prized remembrance. This work has not all been 
officially published, even now. . 

The discovery of the structure and succession of the Devonian 
rocks would have been effected by a dear friend of mine, the late 
A. Champernowne, but for his untimely death in 1886. In 
1888-89 I was employed in endeavouring to reconcile the 

different versions of Champernowne’s work, with a view to publi- © 

cation ; and I made an earnest attempt to solve the doubts which 

Champernowne entertained as to the relative positions of certain 

members of his sequence. The solution of these problems led to 

the establishment of the true Devonian succession in South Devon, 

and to the correlation of the subdivisions with those of the 

Continent. In this work I have been greatly assisted by Conti- 

nental geologists, among whom my old friend Prof. Gosselet (a 
former recipient of the Murchison Medal) figures prominently. 

The tentative application of this succession to Cornwall in 1891 
was proved to be substantially correct by the subsequent work of 
the Geological Survey. 

In conclusion, Sir, allow me to renew the expression of my 

thanks for the honour conferred upon me. 

AWARD OF THE LYELL MEDAL. 

In handing the Lyell Medal, awarded to Cuartes Stewart 
Mripptemiss, B.A., to Sir THomas H. Hontann, K.C.LE., for 

transmission to the recipient, the PRrestpENT addressed him as 
follows :— 

Sir THomas Hornanp,— 

During a service of more than thirty years on the Geological 
Survey of India, Mr. Middlemiss has done much to advance our 
knowledge of the geology of that country. 
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He was one of the first to apply modern microscopical methods 

to Indian problems, and by their use in dealing with palagonite- 
bearing traps.and the phenomena of contact-metamorphism arising 

from the intrusion of the Himalayan central granite, was able to 
make important contributions to the science of Petrography. We - 

are indebted also to him for a great extension in our knowledge of 

the Archean complex in the southern and south-eastern parts of 
the Indian peninsula. 

In his studies on tectonic eS in the Sub-Himalaya of 

Kumaon, the frontier district of Hazara, and the Salt Range of the 
Punjab, he has displayed a marked originality, and his more recent 

work in Kashmir has done much to elucidate the pre-Tertiary 

geography of Gondwanaland. His investigations of the Bengal 

earthquake of 1885, and his elaborate analysis of the phenomena 
accompanying the disastrous Kangra shock in 1905, form valuable 
additions to the seismological record. No less has applied geology 

benefited by his investigations on the stability of slopes in moun- 
tainous regions. 

The papers in which Mr. Middlemiss has presented his results 

enrich the publications of the Geological Survey of India, not only 
by their scientific value, but by the literary charm of his pee and 

by the happy facility of his pencil. 

In recognition of this great record of work, the result of single- 
hearted devotion to his duties, I ask you to forward to Mr. Middle- 
miss, on behalf of the Council, the Lyell Medal. 

Sir THomas Hoxwanp, in reply, said :— 

Mr. PresipENT,— 

It gives me special satisfaction in this way to represent my 

Service in acknowledging the honour bestowed on a colleague, who, 

by his unselfish devotion to work and his gentle disposition, has so 

conspicuously earned the affectionate respect of every officer with 

whom he has worked. 
You have referred, Sir, both judicially and judiciously, to the 

excellent quality of Mr. Middlemiss’s long record of published 
results; but only those of us who have been his colleagues in India 
can form a sufficient appreciation of his perfect freedom from 
personal ambition and his disinterested devotion to the science of 
Geology. 
By reason of a combination of chances such as often affects a 
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. service which is partly official and partly scientific, I have had the 

peculiar opportunity of discovering the fine personal qualities of 
Mr. Middlemiss from two distinct points of view ; for I have had 
_the pleasurable privilege of working directly under him in the field, 

and have had the honour also of being his official chief. Having 

thus seen him from all sides, I can confidently assert that 
‘Mr. Middlemiss’s record of good work has no seamy side. This 

Award will be keenly appreciated] by all past and present members 

of the Indian Geological Survey ; a referendum made to that critical 
community would have found Mr. Middlemiss returned unopposed. 

The choice of the Lyell Medal is especially appropriate, as the - 
_chance possession in his youth of a copy of the ‘Student’s Elements’ 
was, as we in India know, the work which turned Mr. Middlemiss 

to the study of Geology. 

_ In writing from India to express his appreciation of the Awaet 

.now made by the Council, Mr. Middlemiss states with obvious 

_sincerity that 

‘Much of the pleasure that I have derived tiie my geological work in this 
cha country has been enhanced by the friendly and helpful relations that have 

; always existed between myself and my colleagues, who, I know, rejoice with 
“me in the Award.’ 

AWARD FROM THE WOLLASTON DoNaTION Funp. 

The PrestpEnt then presented the Balance of the Proceeds of 
the Wollaston Donation Fund to Mr. Ricnarp BuLLten NEwron, 

F.G.S., addressing him in the following words :— 

Mr. Newron,— 

After some years in the Paleontological Department of the 
Geological Survey, you were transferred, in 1880, to the Geolo- 
‘gical Department of the British Museum (Natural History). 
‘During this long service in two public departments, not only. 

has your work been distinguished by care and thoroughness, but 
you have utilized your opportunities for making yourself well 
acquainted with the Gasteropoda and Lamellibranchiata, more 

‘especially of the younger gevlogical formations. The contri- 
butions which you have thus been able to make to the paleontology 

‘of parts of Africa and Asia, in addition to your work in the British — 
Isles, have enriched the pages of our Journal for many years. On 

behalf of the Council, I beg to hand to you the Balance of the 
Proceeds of the Wollaston Lhe 
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AWARD FROM THE MurcHIson GEOLOGICAL Funp. 

In presenting the Balance of the Proceeds of the Murchison 

Geological Fund to Mr. Frepertck Natrn Hawarp, the Prest- 

DENT addressed him as follows :— 

Mr. Hawarp,— 

Ata time when enthusiasm in the pursuit of proofs of human 
workmanship on flints has threatened to outrun discretion, you have 

engaged in a study of the various forms of fracture which can 
result from natural causes, in order to demonstrate that much of 

the chipping attributed by some observers to Man may have been 

due to natural agencies. Your minute and unbiassed investiga- 

tions cannot fail to exercise a useful influence on the treatment 

of this speculative subject. In handing to you the Murchison 
Geological Fund, awarded to you by the Council of this Society, I 

express the hope that you will regard it as a mark of appreciation 
of what you have already done, and as an encore ae to con- 

tinue your researches. 

AWARDS FROM THE LYELL GEOLOGICAL Funp. 

THE PrEsIDENT then handed a Moiety of the Proceeds of the 

Lyell Geological Fund, awarded to the Rev. Waiter Howcaty, 
F.G.S., to Prof. W. W. Warts, F.R.S., for transmission to the 

recipient, addressing him as follows :— 

Professor W aTtrs,— 

Before leaving this country, upwards of twenty years ago, 
Mr. Howchin had already done useful work on the Carboniferous 
foraminifera. On his arrival in Australia, he continued his 

studies on these organisms in the Tertiary, Cretaceous, and Permo- 

Carboniferous rocks. It was during the prosecution of his researches 

among the Permo-Carboniferous glacial deposits that he came upon 
widespread ‘ tillites’ at a horizon lower than that of the Olenellus 

and Salterella Beds of the Lower Cambrian. The glacial phenomena 

presented by these rocks were first described in detail in a convincing 

paper laid by him before this Society in 1908, although a preliminary | 
note on their existence had been read before the Royal Society 
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of South Australia in 1901. In addition to his researches upon 
these extraordinarily interesting episodes in Palzozoic times, 

Mr. Howchin has done much to elucidate the complicated structure 

of Mount Lofty, and the general physiography of South Australia, 
In making the Award, which I now beg you to forward to him, 
the Council desire to express their sense of the great importance 

to Geological Science of the work that he-has done in far-distant 

Australia. . 

In presenting the other Moiety of the Proceeds of the Lyell 
Geological Fund to Mr. Jonun Postiernwarre, F.G.S., the 
PRESIDENT addressed him in the following words :— 

Mr. PostLeETHWAITE,— 

For more than forty years your name has been associated with 
the geology of the Lake District, for it was in 1874 that you read 
a paper at Keswick on the Mines & Minerals, which was destined 

to develop into the useful and beautifully-illustrated book, re-issued 
in third edition only last year. ‘Though minerals and ores have 

claimed much of your attention, the igneous rocks with which they 

are so often associated have been studied in the field and described 
by you in the pages of our Quarterly Journal. To you also is due 

the credit of having helped to clear away the obscurity attaching 
to the age of the Skiddaw Slates by your indefatigable and suc- 
cessful search for fossils. 

The award, which it is my privilege to hand to you, has been 
allotted to you by the Council in testimony of their appreciation of 
your work in the classic ground of the English Lake District. 
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THE ANNIVERSARY ADDRESS OF THE PRESIDENT, 

AUBREY STRAHAN, Sec.D., LL.D., F.R.S. 

THE twelve months which have elapsed since our last Anniversary — 

Meeting have not passed without the loss of many eminent 

geologists, both at home and abroad. No fewer than six of the 

illustrious foreigners whom we were proud to include in our 

lists have been removed by death: Rosenbusch, Fritsch, Credner, 
Tschernyschew, and Baltzer, are gone from among our Foreign 

Members, and in Cocchi we have lost a Foreign Correspondent. 

With regard to the following obituaries I am indebted to Prof. 
Gregory, Prof. Judd, Dr. Henry Woodward, Dr. Harker, and 

Dr. A. S. Woodward, for each supplying an appreciation of the 
life and work of an old friend. To the kindness of Dr. Karpinsky 
I owe the information on which the notice of Tschernyschew 
is based, 

The death of Geheimrath Professor Harry RosEyBuscu 
removes one who had long been an acknowledged master in an 
important branch of modern geology. His great-grandfather and 

grandfather had been miners in the Harz, but his father, Georg 

Wilhelm Heinrich Rosenbusch, removed to Einbeck in Hanover, 

where he became master of an orphan-asylum. He was married to 

Luise Frederike Henriette, by birth Piischel. Their eldest son 
was born at Einbeck on June 24, 1836, and was named Karl 

Harry Ferdinand. The English Christian name, by which he 

preferred to be known, was at that time not uncommon in Hanover, 

a memory of the long political connexion between the two countries. 
A second son, August Enrik Eduard, became afterwards an 

Inspector of Telegraphs in the British service; and there was a 

third boy, who lived only ten months. 
The father died in 1843, leaving his widow in very straitened 

circumstances. She contrived, however, by hard work, to send her 

two boys to the local grammar-school, where they made good 

progress, and added to the scanty resources of the family by helping 
their younger schoolfellows in their lessons. The early predilection 

of young Rosenbusch was for languages, and he became indeed an 

accomplished linguist, speaking French, Italian, Spanish, Portu- 

guese, and English. In due course he entered the University of 

Gottingen as a student of philology; but his means did not enable 
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him to complete his course there, and he was glad to accept an 

offer from a rich South American, who wanted a tutor for his two 

sons. In this capacity Rosenbusch ee oe five years of 

his life at Bahia; in Brazil. 

This part of his life is only imperfectly known, and in particular 

we are not informed how he was led to exchange literary for 

_ scientific interests. Whén he returned to Germany, it was to 

study science at Freiburg and Heidelberg, and he received his 

doctorate from the former University in 1868, at the late age of 
thirty-two. At that time the application of the microscope to the 

study of rocks was in its infaney. Zirkel, inspired by Sorby, had 

led the way, and had already proved some of the capabilities of 

this line of attack. Rosenbusch was attracted to the new study. 

His inaugural dissertation was on the nephelinite ot Katzenbuckel, 

near Heidelberg; and in the enthusiastic preface by which it is 

introduced we can read the language of a man who is conscious of 

having found his life-work. : 
The pioneers in this line encountered difficulties which, thanks 

to their labours, their successors can scarcely realize. The minerals 

in a rock-slice, presenting quite new appearances, had to be recog- 

nized by new tests. The application of the polariscope to this end 

had been indeed one of Sorby’s own contributions, but in practice 

it was employed at first only in a general way. Mineralogists had, 

however, examined the optical properties of numerous minerals in 

sections cut in determinate directions. Rosenbusch collected these — 

data, supplemented them by observations of his own, and showed 

how they could be systematically applied to the identification of 

crystals cut in random directions in a rock-slice. In this way he 

laid the foundation of microscopical petrography as an exact science. 

His results were published in 1873 in the ‘ Mikroskopische Physio- 
graphie der petrographisch wichtigen Mineralien,’ which was 

followed four years later by the companion volume on igneous 
rocks. 

In 1873 also he was ener Professor Extraordinarius at 
Strassburg, and for some years he was attached to the Geological 

Survey of Alsace-Lorraine. The chief fruit of his work here was 
the well-known memoir on the Steigerschiefer and their meta- 

morphism by the granites of the Vosges. In 1878 he was chosen 

for the chair of Mineralogy and Petrography in the University of 
Heidelberg, and began that career as a teacher which he pursued 

‘so long and so brilliantly. His laboratory became the resort of 
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students from many countries, who were attracted no less by his 

personal qualities than by his genius and encyclopedic knowledge. 

Many of the leading petrographers of the present day have been 

eager disciples of Rosenbusch, as may be seen in the ‘ Festschrift’ 

by which his old students celebrated his seventieth birthday. 

His specific contributions to petrography and the chemistry of 

rocks were numerous and valuable, and he was also from 1888 to 

1907 Director of the Geological Survey of Baden; but his memory 

will be associated chiefly with his teaching at Heidelberg and with 

his monumental work, the ‘ Mikroskopische Physiographie.’ This 

has passed through four editions ; and it is remarkable, alike for 

the comprehensive knowledge of the subject which it testifies, and 

for the critical acumen shown in handling so multifarious a body 

of material. 
He was the recipient of numerous honours, at home and abroad. 

He was elected a Foreign Correspondent of this Society in 1886, . 

and a Foreign Member in 1890. In 1903 the Wollaston Medal 

was awarded to him. Excepting a memorable excursion to Norway 

in 1888, his geological travels belong mostly to the years before 

1878. During his Professorship, and after his retirement, he was 
to be found usually at Heidelberg, where he lived in a villa named 

after his native town. He had married in 1869 Fraiilein Auguste 

Miiller, also of Einbeck. His wife survives him, but their only 

son died in childhood, a loss which was deeply felt. After enjoying 

good health to an advanced age, Geheimrath Rosenbusch died, after 

a short but painful illness, on January 20th, 1914, in his 78th year.’ 

Prof. Anton FrirscuH, who became a Foreign Correspondent of 
the Society in 1888 and a Foreign Member in 1897, was born at 

Prague in 1832, and spent all his life in that city. He was 
appointed assistant in the Zoological Department of the Royal 

Bohemian Museum in 1852, and eventually attained the director- 

ship of the Natural History Departments of the Museum, which he 

still held at the time of his death. For many years he was also 

Professor of Zoology in the Royal Bohemian University, and the 
responsible head of the Natural History and Geological Survey 

of the Kingdom of Bohemia. His early researches were almost 
entirely zoological, but association with Barrande appears to have 

_1 [For most of the personal details concerning Prof. Rosenbusch I am 

indebted to his friend and successor, Prof, E. A. Wiilfing.—A. H.] 
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soon directed his attention to paleontology, and in 1861 he 
published his first two notes on fossils from the Silurian formation. 
During subsequent years he communicated numerous brief notes 
on Bohemian fossils to the Royal Bohemian Society of Sciences, 

until.in 1872 he published his first separate work (in co-operation — 

with Dr. V. Schlénbach) on the Cephalopoda of the Bohemian 

Cretaceous Formation. The Cretaceous fossils continued to interest 

him, and in 1878 he published another separate volume on the 

Reptiles and Fishes, which was followed by various notes on these 
and other fossils in his stratigraphical memoirs issued by the 

Bohemian Survey. Prof. Fritsch’s best-known work, however, is 
his ‘Fauna der Gaskohle & der Kalksteine der Perm-Formation 

Bohmens,’ a series of four fine volumes published in parts between 
1879 and 1901. It is especially noteworthy for the profusely- 
illustrated descriptions of the Permian Labyrinthodonts, based on 

material so unpromising that previous authors had neglected it. 

Prof. Fritsch prepared the fossils with his own hands, removing 

the decaying pyritized bones and then obtaining an exact im- 
pression of the resulting cavities in the shale by an electrotype 

process. He was thus able to add much to our knowledge of the 
early lung-breathers, and the Geological Society expressed its 

appreciation of these researches by awarding to Prof. Fritsch a 
moiety of the Lyell Fund in 1881 and a Lyell Medal in 1902. 

He visited England four times, in 1861, 1863, 1887, and 1899, 

and travelled extensively in the interests of the Royal Bohemian 

Museum, the new building of which for natural history he had 
the gratification of seeing completed under his direction in 1891. 

He died at Prague on November 15th, 1913. [A. S. W.] 

THEopostus NrkonLalEvicn TscHERNYSCHEW (Cernysev) was. 
born at Kiev in 1856, and was educated in the local classical college, 

and in the Naval School and Mining Institute at St. Petersburg. 

He became a member of the staff of the Geological Survey of 
tussia at its institution in 1882, and was appointed Director in 

1903. In 1899 he was elected a member of the Imperial Academy 
of Sciences at St. Petersburg, and became Director of the Geological 

Museum in 1903. For nearly 22 years he was Secretary of the 

Imperial Mineralogical Society, and for 3 years he performed the 
duties of Professor and Director of the Mining Institute. 

Notwithstanding these varied duties at home, Tschernyschew 
found time to carry his field-work into remote regions. The first, 
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papers of which I have record were published in 1883. They 

contained an account of a meteorite which fell at Saratov in 1882, 

and the first instalment of his work on the Silurian and Devonian 

strata in the Southern Urals. 

In 1885 he was engaged in Central Russia on the Permian rocks 

of the province of Kostroma, but five years later he was connected ~ 
with work in progress in the far north. In the region of the 

Timan Mountains, he noted the occurrence of crystalline rocks, 

and of schists closely allied to Silurian and Devonian strata. Here 

also he identified Upper Devonian with abundant small crustacea, 

Carboniferous, Callovian, Kimeridgian, Neocomian, and _ post- 

Pliocene deposits. In 1892 his attention was drawn at Kanine, 

one of the northernmost points of Siberia, to the evidences of a 
passage of crystalline schists into unaltered sediments through the 

action of chemical and mechanical metamorphism. 

At this time he was studying also the glacial phenomena exhibited 

in Northern Russia, and especially those of the Ural Mountains. 

He concluded that the Polar Sea must have been united with the 

Baltic on the one side and the Caspian on the other, and had 

obliterated such morainic deposits as had been left by the ice-sheet. 

No traces of Paleolithic Man, contemporaneous with the Mammoth, 

were discoverable. 

Southern and Central Russia formed the scene of his labours in 

1893. In the Altai Mountains, on the borders of the Chinese 

Empire, he studied a Devonian fauna, and compared it with that of 
the Coblenzian type of the Rhine district. The Carboniferous rocks 

of the Donetz were shown by him to present a-sequence similar to 

that of other parts of the Empire, and to have been deposited in a 
gulf of the great Russian Carboniferous basin. 

In the Ural Mountains his work was of far-reaching importance, 

especially as regards the Silurian, Devonian, Carboniferous, and 

Permian faunas. In the Eastern Ural he described or enumerated 

a large number of fossils from the Devonian, and recognized the 

existence of two assemblages which he compared respectively with 

the Hercynian and Coblenzian faunas. His work on the Devonian 

rocks is published in detail in the ‘Memoirs of the Russian 

Geological Survey ’ vols. i & i. 
In 1896, reporting on an expedition to Novaya Zemlya, he 

described briefly a southern mountain-range composed of upturned 
Devonian rocks and a central plain underlain by the Artinskian 
Sandstone of Lower Permian age. In 1907 he published an 
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account of the discovery of Upper Trias in the Caucasus. He was 
a member of the Russo-Swedish Expedition to Spitsbergen. 

Tschernyschew’s work lay, for the most part, in remote and 

little-known parts of the world. While following in the footsteps 
of Murchison, De Verneuil, Keyserling, and Karpinsky, he may — 

himself be regarded as one of the pioneers of European geology, 
for he traced the geological formations with which we are familiar, 

and identified their characteristic fossils, in the uttermost parts of 

the Continent, beyond the regions where they were —— or 
might even have been expected to occur. 

His was a popular name abroad, as well as in Russia. To his 

energy the Seventh International Geological Congress, held at 

St. Petersburg in 1897, owed much of its success, and as a frequent 

attendant at subsequent Congresses it’ fell to him to take an 

important part in many international scientific enterprises, such as 
the Geological Map of Europe, the Geological Map of the World, 

and others. 

Many scientific societies or institutions claimed T'schernyschew 

as either honorary or ordinary member, and the Universities of 

Marburg, Geneva, Christiania, Greifswald, and Toronto, conferred 

upon him the degree of Doctor honoris causd. He was elected a 
Foreign Member of our Society in 1909. | 

T’schernyschew was a welcome participator in the Twelfth Inter- 

national Congress, held at Toronto last August, and took an active 

part in the proceedings. No sign of failing health was then apparent, 
and his sudden death on January 15th, 1914, came as a shock toa 

wide circle of friends. 

The death of Credner, who was elected a Foreign Member of this 

Society in 1898, has speedily followed upon that of Zirkel, his 
fellow-professor in the University of Leipzig—their teaching 
associateship having commenced as far back as the vear 1870. 

Geheimrath Hermann CREDNER was the eldest of four sons of 
Heinrich Credner, a well-known geologist and mineralogist, who 
was a mining official, first in the Kingdom of Hanover, and after 

1870 under the Imperial German Government. Born in 1841 at 
Gotha, the younger Credner was educated at the Clausthal Mining 
School and the Universities of Breslau and Géttingen. His earliest 
studies were devoted to the rocks and fossils of Gault and Neo- 

comian age in Hanover, and the writer of this notice recalls with 

gratitude the friendly assistance received by him, when on a geo- 

logical tour, from his German fellow-student. In 1864, however, 
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Credner sought a wider sphere of labour by journeying to the 
United States, where he spent four years, acting as a mining 
expert in the search for gold, but taking every opportunity for 
widening his knowledge of geological science. Ata time when road 

and rail had not yet opened up the country, he traversed the whole 

of the States between New York and Nevada, and from Michigan 
to Georgia, recording his observation in a number of valuable 

memoirs. 

Returning to his native country after his long wanderjahr, 

he, in 1869, became a privat-docent under Naumann in the 

University of Leipzig; and in the following year, when Zirkel 

succeeded Naumaun, he was appointed Professor Extraordinarius, 

to teach Historical Geology and Palzontology, becoming a full 
Professor in 1877. 

One of Credner’s first labours in his new position was to prepare 
his well-known and admirable text-book ‘Elemente der Geologie,’ 

which, during the lifetime of its author, passed through no less 

than eleven editions, each of which was revised, expanded, and 

brought up to date by the indefatigable Professor. 

Credner was now, however, to enter upon a still wider field of 

labour. Saxony, the birthplace of Mining Geology, had already 

been twice mapped geologically ; first, at the close of the eighteenth 
century under the auspices of the illustrious Werner himself, and 

secondly, between 1835 and 1845, by Naumann and Von Cotta. But 
in 1872, the Government having decided on the preparation of a 

new and more detailed map, Credner was chosen to organize and 

direct the staff of surveyors. Between the date of his appointment 
and the year 1899, Credner with his able assistants issued no less 

than 127 sheets of the map as well as the accompanying memoirs, 

and in 1908 he was able to issue his beautiful geological map of the 

whole country on a reduced scale. 

In connexion with his work upon the Geological Survey, Credner 
wrote notable papers in scientific journals dealing with many 

important questions, such as his views on the Saxon granulite 
formation, the Oligocene and other Tertiary strata, the phosphatic 

deposits, and the glacial phenomena of the country. But these 
labours did not exhaust his energies, for between the years 1881 

and 1894 he issued, in ten parts, his important paleontological 

memoir on the Stegocephali and Saurians of the Rotliegende of 
the Plauenschen Grund near Dresden; while between 1897 and 

1903 he devoted much attention to the study of earthquakes, 

VOL. LXX. e 
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writing a number of papers which dealt with local occurrences 

and ‘the construction of seismological apparatus. No fewer than 

130 scientific papers stand to his record, in addition to his official 
publications. : : 

Upon his attaining the age of 70, Credner’s fellow-geologists 
showed their high appreciation of his great services to our science 

by raising the sum of £1000, which they placed in the hands 

of the Council of the German Geological Society, to be called 
the Hermann-Credner Fund and to be applied in assisting young 

geologists in their researches. Geologists in other countries who 
knew and corresponded with Credner can testify to his geniality 

and readiness to give help on all occasions. He died, after a long 

and painful illness, on July 21st, 1913, atthe age of 72. [J. W.J.] 

RicHarD ARMIN BALTzER was born on January 16th, 1842, and 

was the son of the pastor of the town of Zwickau in Saxony. The 
religious struggle of that period shortly afterwards drove his father 
from Germany, and Baltzer spent his boyhood in Belgium and 
Switzerland. In 1860 he entered the University at Zurich, where 

his family settled in 1865. LBaltzer studied geology there under 

Escher von der Linth. In 1864 he removed to Bonn, where he 

seems to have been mainly engaged in zoological work. His love 

of mountaineering led him to return to Switzerland, and _ his first 
appointment was as assistant in the High School at Zurich to the 

chemist Wislicenus. In 1868 he became Professor of Geology, 

Mineralogy, & Chemistry at the Cantonal Technical School in Zurich 

and also privat-docent at the University and Polytechnic. In 

1884: he succeeded Bachmann as Professor of Geology & Mineralogy 
in the University of Berne, and a year later he founded the 

Mineralogical & Geological Institute of Berne. He retained his 
Professorship and the Directorship until his death. 

Baltzer was clearly a successful teacher, and he is described by 
his colleague Prof. Hugi as a man of exceptionally high character, 
who strove with all his power to live up to his own conception 

of his duties. Baltzer was wont to declare that 

‘the educational efficiency of a professor depends less on his scientific 

fame than on his personality, enthusiastic inspiration, and teaching talent. 

The man and his knowledge must be one, for only thus are they a living 

influence.’ 

He was a man of great physical strength and an able moun- 
taineer The last years of his life were clouded by great suffering ; 
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periodic prostrating headaches preceded a stroke of paralysis, and 

he died at Hilterfingen, on the Lake of Thun, on November 4th, 

1913, after a painful and lingering illness. 

_ Baltzer’s work may be divided into three groups—his foundation 

of the Geological & Mineralogical Institute at Berne, to which for — 

‘twenty-nine years he devoted most of his thought and energy, his 

researches on Alpine Tectonics, and his contributions to Glacial 

Geology. His first paper was on the geology of the Adamello 

Group, and was contributed to the Jahrbuch of the Swiss Alpine Club 
in 1870. This was followed by a work on the Glarnisch in 1878. 
In 1874 and 1875 he published some studies on recent eruptive 

rocks, collected during a visit to Sicily and the Lipari Islands. His 

most important Alpine monograph was on the ‘ Mechanical Contact 

ot Gneiss & Limestone in the Bernese Oberland,’ published in 
1880, in which he showed that the superposition of the gneiss was 

due to its having been overthrust. The position of the gneiss had 

been attributed to its eruptive origin; but Baltzer proved that the 

contact between the two series showed only dynamic, and not 
igneous contact-phenomena. His extension of this work westwards 

across the Lauterbrunnen Valley, south of the Lake of Thun, was 

published in 1907, in his last great Alpine monograph. In 1901 

Baltzer also applied the explanation of overthrusting to the 

geology of Lago d’ Iseo, where in the Camonica valley some ancient 

quartz-phyllites and Permian and Triassic rocks have been pushed 

southwards on to rocks belonging to the two later systems. 

In 1888, in his monograph on the middle part of the Aar massif, 

he described the much disputed ‘gneisses’ of the Haslithal with 

their Carboniferous plant-stems ; and he then adopted a ‘ younger 
gneiss series,’ but, probably in consequence of the work of 

Prof. Bonney, he subsequently recognized the uncertainty of this 

view, and in his 1901 monograph he left the age of the gneisses 

and phyllites doubtful, assigning them either to the Archean or 

to the Paleozoic. 
Baltzer also devoted much attention to Glacial Geology, and was 

much interested in the origin of lake-basins and the rate of glacier- 
erosion. He described the Lower Grindelwald Glacier in 1898, and 

drilled a series of boreholes, in order that future geologists might 

test the actual rate of ice-erosion. In his various discussions of this 
problem he showed his usual moderation of view, by proclaiming that 

he accepted neither the estimate that glacial erosion is enormous 

nor that it is insignificant. In his monograph on Lago d’ Iseo he 
e2 
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described a remarkable series of nine terraces which have been cut in — 

the moraines, and showed that the oldest and highest have been the 

most inclined, indicating the tilting of the district in post-Glacial 
times. He rejected the view of the glacial origin of this lake-basin, _ 

which he explained as a greatly altered river-valley. According to 
him dislocation was the chief factor in the origin of this basin, and 
he placed ice-erosion among the secondary factors. 

From the evidence of the Lago d’ Iseo district he accepted the view 

that there have been two Alpine interglacial periods. Probably his 
most important glacial monograph is that upon the deposits of the 
Diluvial Aar Glacier, accompanied by a detailed map of the Glacial 

deposits around Berne. He there again combated the view that 
claciers are agents of great erosion, although he admitted that they 
might conceivably act as such if flowing at high velocity, in great 

mass and for a prolonged time. In his later years Baltzer wrote a 

considerable series of short papers on glacial deposits, including 

those of Switzerland, Northern Italy, and. Riigen, on the origin of 

Alpine lake-basins, and on the tectonic structure of the Alps. In 

1906 he issued his very useful guide to the geology of the Bernese 

Oberland, the biggest volume in the ‘Sammlung Geologischer 

Fiihrer.’ The last of his list of about 50 papers was a short note 
in 1909 on his Lago d’ Iseo monograph. 

The general impression left by a review of Baltzer’s work is 
that of an accurate, cautious investigator, whose conclusions showed 

keen insight, whose views were fair and moderate, and who has had 

a deep influence on Alpine Geology. 

He was elected a Foreign Correspondent of this Society in 1907, 
and a Foreign Member in 1911. [J., Wheel 

Ierno Coccnt was born at Terrarossa in the Val di Magra 

(Province of Massa) in 1828. He at first devoted himself to 
literary studies, especially Latin literature, afterwards to chemistry, 

anatomy, and botany, and finally to Boat le and geology, 
especially paleontology and stratigraphy. 

Having graduated at the University of Pisa, he completed his 

studies abroad, more especially in Paris and London. Later on, 

he gave to the city of Florence his specimens, which formed the 
nucleus of an important paleontological collection. 

After returning to Pisa, he was for a time assistant to Savi and 
Meneghini; he collaborated with Count A. Spada and others in 
the reorganization of their collections, and finally was appointed 
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Professor of Geology & Mineralogy at the Reale Istituto di Studi 
Superiori in Florence. 

He founded the Alpine Club of Florence, and in 1867, under 

successive Ministers of Agriculture (Cordova and afterwards 
Broglio), established the Reale Comitato Geologico.' 

He was not a prolific writer. Only a dozen papers stand to his— 

eredit in the Royal Society’s Catalogue, and some twenty or so 
separate memoirs. peas 

He was elected a Foreign Correspondent of the Geological 

Society of London in 1874, and died at Florence on August 18th, 

1913. Lowe} 

Joun LUBBOCK, first Baron AVEBURY, was the son of Sir John 

William Lubbock, Bart., head of the banking firm of Robarts, 

Lubbock & Co. He was born on April 30th, 1834, and was 

educated at a private school and at Eton, but left school at the age 

of 14 to commence a distinguished career as a banker, man of 

business, and legislator. Many reforms were introduced by him 

into the banking system, and several Acts of Parliament were due to 

his initiation ; but probably his promotion of Bank Holidays in 1871 

was what appealed most strongly to public feeling. He served on 

Royal Commissions appointed for the consideration of such subjects 
as International Coinage, Public Schools Education, Advancement 

of Science, and Gold & Silver; while he was Chairman of the 

Committee which selected designs for the last coinage of Queen 
Victoria. When the London County Council was formed, he was 

elected to represent the City, and in 1890 succeeded Lord Rosebery 
as Chairman. From 1870 to 1880 he represented Maidstone, and - 

from 1880 to 1900 the University of London, in Parliament. In 

1900 he was raised to the peerage. 

In science he proved himself to be a man of wide interests, with 

much power of original research. His attention was first directed 
to prehistoric times, as illustrated by ancient remains, and the 

manners and customs of modern savages; but subsequently he 
devoted himself more especially to observations on the social life 
and intelligence of insects. The results were incorporated in a 

work on Ants, Bees, & Wasps, which went through no less than 

fourteen editions and was circulated in all parts of the world. 

Among other of his works dealing with kindred subjects may be 

1 See Gubernatis, ‘ Dictionnaire International :—Kcrivains du Jour.’ 
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mentioned ‘The Origin & Metamorphosis of Insects’ (1874), 

‘On British Wild Flowers, considered in relation to Insects’ 

(1875), ‘The Senses, Instincts, & Intelligence of Animals,’ 

‘Chapters in Popular Natural History,’ and the ‘Monograph on 

the Collembola & Thysanura.’ 

In Geology he was not, and never professed to be, an original 

observer, nor had he any technical training in that science further 
than could be obtained by general and intelligent reading. Perhaps 

the better for that reason he was able to produce what was wanted 
by the man whose interest had been whetted, but who was averse to 

taking too deep a plunge into geological speculations. ‘The Scenery 

of Switzerland’ (1896), and ‘The Scenery of England’ (1902), form 
admirable introductions to the study of physical geography, and 
have each appealed to a large circle of readers by the charm 

of their literary style and the beauty of the illustrations. His. 

earlier geological work included a paper, read in 1867 before our 

Society, on the Parallel Roads of Glenroy. In 1903 and 1905, 
again before our Society, he described briefly various experiments 

in mountain-building, carried out on alternations of baize and 

sand which were laid under compression in two directions at right 
angles one to the other. In the former year he was selected by the 
Council as the first recipient of the Prestwich Medal, then recently 

established under the will of his old friend and companion in the 
study of Prehistoric Man. 

Lord Avebury was elected into our Society in 1855, and served. 

four times on the Council. In 1858 he was elected into the Royal 

Society ; on seven occasions he was a member of their Council, and 

on three of these he was nominated a Vice-President. He became 

a Trustee of the British Museum in 1878, and from the first inter- 

ested himself keenly in the development of the Natural History 
branch. As further proof of the respect in which he was held, it 

may be recalled that he was elected President of the British Associ- 

ation in its jubilee year, and at various times presided over the 
Entomological, Ethnological, Linnean, Statistical, African, and Ray 

Societies, the Anthropological Institute, the International Associ- 
ation for Prehistoric Archeology, the International Association of 

Zoology, and the International Library Association. He received 

honorary degrees from Oxford, Cambridge, Dublin, Edinburgh, and 

St. Andrew’s Universities, was a recipient of the Prussian Order 

‘Pour le Mérite,’ and a Commander of the Legion of Honour. 

Lord Avebury married, first, the daughter of the Rev. Peter 
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Hordern, and, secondly, a daughter of the late General A. A. 

Lane-Fox-Pitt-Rivers, F.R.S. His pre-eminently busy and useful 

life was brought to a close on May 28th, 1913. 

Joun MILNE was born at Liverpool on December 30th, 1850. 
After completing his education at King’s College and the Royal 

School of Mines, he obtained a brief experience as a mining 
engineer in Newfoundland and Labrador: while working for Cyrus 
Field, Sir James Anderson, and others, and as a geologist while on 

Dr. Beke’s expedition into North-Western Arabia in search of the 

exact site of Mount Sinai. At the early age of 25 he was appointed 

by the Japanese Government Professor of Geology & Mining in the 

. University of Tokyo, and there, during his 20 years’ tenure of the 

post, found opportunity to develop the science with which his name 
is more especially connected. His interest having been roused by 

almost daily earthquakes, he founded a Seismological Survey, estab- 

lishing no fewer than 968 observing stations, and training a large 

body of native observers to keep him supplied with the information 

on which he could construct isoseismal charts. At the same time he 

devised recording instruments, made observations on artificial earth- 

quakes, and studied the methods of construction which were best 

adapted for building in earth-shaken regions. In 1900 he was largely 

instrumental in founding the Seismological Society of Japan, the 

first association of scientific men formed for the study of earth- 
“quakes. For fifteen years he acted as Secretary thereof, and the 

results of his work during that period of his life fill a large pro- 

portion of the Society’s publications. 
In 1895 Milne retired from his professorship, and in 1900 settled 

permanently at Shide in the Isle of Wight. On the eve of his 
departure from Tokyo his home was destroyed by fire, with practi- 

cally all its contents, including his books and instruments. 

Immediately upon his return to this country he commenced the 

installation of a seismological observatory, which was destined to 

make Shide a centre of interest to seismologists in all parts of the 

world. The observations there made were supplemented by records 

from upwards of sixty other stations, for the most part founded on 
Milne’s initiation and furnished with his type of seismograph. The 

funds required for so extensive an organization were supplied in part 

by the British Association, and the results of the observations were 

laid before that body in a series of reports which continued without 

interruption through a long succession of years. Latterly, the support 
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of the Royal Society was extended to the enterprise, the work 

having become recognized as being of world-wide interest. 

Milne travelled widely. On receiving his appointment in Japan 

he proceeded to his post by way of St. Petersburg, through Siberia 

and China, taking eight months to reach Shanghai, and experiencing 

hardships which would have deterred anyone of less determined 

character or less sturdy physique. He had already worked in 

Newfoundland, Labrador, Iceland, and Arabia, and subsequently 
he extended his exploration to the Pacific Coast, from the Kuriles 

and Korea to Manila, Borneo, the Australian Colonies, and many 

other volcanic islands. He also visited the United States. 
The results of Milne’s work are recorded chiefly in the publi- 
cations of the Seismological and other Japanese Societies, in the. 
Reports of the British Association, the Transactions and Proceedings 

of the Royal Society, and elsewhere; but he contributed four papers 

to the Quarterly Journal of the Geological Society between 1873 
and 1883, dealing with such subjects as the physical features and 

mineralogy of Newfoundland, notes on the Sinaitic Peninsula, the 

action of coast-ice, and the elasticity of Japanese rocks. In 1886 
and 1898 respectively, he published in book-form ‘ Harthquakes 

& other Earth-Movements’ and ‘Seismology,’ and in 1911 he laid 

before the British Association a Catalogue of Destructive Harth- 
quakes, A.D. 7 to a.p. 1899, which has been published in pamphlet 

form. 7 
This great record brought honours to Milne, both in Japan and ~ 

at home. He was an Honorary Fellow of King’s College, London. 

In 1887 he was elected into the Royal Society, and in 1908 received 

a Royal Medal. He became a Fellow of the Geological Society in 
1873, and received the Lyell Medal in 1894. The Order of the 

Rising Sun was conferred upon him in 1895 by the Emperor of 
Japan. From the University of Oxford he received an Honorary 

Degree of D.Sc. 
Milne died on July 31st, 1918. Though his career ended at the 

comparatively early age of 63, while he was still in active work, he 

had yet accomplished enough to make his name inseparable from 

the study to which he had devoted himself. He was one of the 

first to devise the means by which distant earthquakes could be 
recorded, and before he left Japan had constructed an instrument 
for this purpose, which he afterwards brought home and started to 

workat Shide. His suggestion that important earthquakes could be 

recorded in all habitable parts of the globe if suitable instruments 
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were provided, marks the initiation of the science of Seismology, 

and his seismograph, which was subsequently distributed over the 

world, differed only from that which he had brought home in minor 

details and in being of better workmanship. No less far-reaching 

were his researches on the distinction between vibrations which 

travel round the globe and those which are transmitted through 

it, or the practical application of his knowledge to the causes of 

fracturing of submarine cables, and of collapse of buildings in 

earthquake regions. Whether as an original investigator or as a 
personal friend, Milne leaves a gap which it is difficult indeed to 

fill. 

Horace BoriyeBrokE Woopwarp was the son of Dr. 8. P. 
Woodward, of the British Museum, and was born on August 20th, 

1848. He was educated at private schools, and at the age of 15 

commenced what was destined to be a distinguished geological 

career by undertaking the duties of Assistant in the Library and 

Museum of the Geological Society. In 1867 he was appointed to 
the Geological Survey under Su R. Murchison, and continued in 

that service until December 31st, 1908, a period of 41 years, 

during the last seven and a half of which he was, as Assistant 
Director, in charge of the work in England and Wales. 

At the commencement of his service, the Old Series 1-inch 

Geological Map was far from complete, and his work lay at first in 
the south-west, where he was engaged in adding detail and pre- 

cision to the mapping of the Secondary Rocks, especially of the 

Rhaetic Beds. Later on he was stationed for many years in 

the Eastern Counties, where he was concerned with Cretaceous 

and Tertiary strata and the great development of Pleistocene 

deposits in that part of the country. The results of his work 

appeared in the Memoir on the East Somerset and Bristol Coal- 

fields, published in 1876, and in the Memoirs on the Geology of 

Norwich (1881), of Fakenham (1884), and others of which he was 

part author. 

In 1890 the Geological Survey commenced the publication of 

General Memoirs presenting a compendium of all that is known 

regarding each of the formations in its distribution throughout the 

United Kingdom. The task of carrying out the part of this great 

project that related to the Jurassic rocks of Britain (not in- 

eluding Yorkshire, which was undertaken by C. Fox-Strangways) 

was entrusted to Woodward, and before the end of 1895 there had 
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appeared under his name three volumes on the Liassic and Oolitic 

rocks of England and Wales, which alone would serve as a lasting 

monument to his untiring industry, his inexhaustible patience 
in collecting all that was worthy of note from the writings of his 
predecessors, and his skill in combining their materials with his 

own observations to make an intelligible narrative. 

In 1892 his intimate knowledge of the Jurassic rocks led to his 

being temporarily engaged in mapping parts of the Islands of 
Raasay and Skye for the Geological Survey of Scotland. The 
account of his work in Skye is published in the Glenelg Memoir. 

In Raasay he was the first to recognize that iron-ores of economic 
value occurred in the Lias at the same horizon as the Cleveland 

ores, and it was due.to his suggestion that explorations were started 

which have brought into existence an important industry. 

Later he showed a marked facility for putting geological in- 
formation into a form that was palatable to the general reader, 
in his Memoirs on Soils and Subsoils (1897; 2nd ed. 1906) and 

on the Geology of the London District (1909). Among less 

popular, but eminently useful works may be mentioned the 

Water-Supply Memoirs on Lincolnshire (1904) and on Bedford- 
shire with Northamptonshire (1909). One of his last official 

publications was a 2nd edition of the Geology of Sidmouth (1906 ; 
2nd ed. 1911). 

Among his published works, apart from the official Memoirs, 
the ‘Geology of England & Wales’ comes first to mind. The 

2nd edition, published in 1887, 11 years after the issue of the 
- 1st edition, was designed 

‘to afford a book of reference, useful not only to students of the scientific 

aspects of the subject, but also to engineers and others interested in its 

practical applications.’ (Op. cit. p. v.) 

It displays in a marked degree the power of the author to present 

in a small space and in a convenient form a mass of varied in- 
formation collected from many sources. The author himself was 

too modest to realize the place filled by this book as a work of 
original research, but it may be claimed for him that his profound 

knowledge of British Geology enabled him to review doubtful 
propositions, and to present conclusions which in themselves con- 

stitute an advance in knowledge. In stratigraphical questions he 

was a master. Modern paleontology did not appeal to him: to 

the last he was averse to the alterations in nomenclature which 

are the inevitable accompaniment of increasing refinement. of 
method, and he made no attempt to disguise his regret at the 
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abandonment of generic names which for him and for most of 

us had become classic by usage. 

The list of works for which we are indebted to him is long, and 
I can only now mention his Geology of Water-Supply (1910), of 

Soils and Substrata (1912), many contributions to the Victoria 

County History, and his share in the preparation of Stanford’s 
Geological Atlas of Great Britain & Ireland. We remember, 
too, that at our first Centenary in 1907 he successfully carried out 

the task, which had been entrusted to him by the Council, of 

writing the history of this Society. To the publications of this 

Society, of the Geologists’ Association, of the British Association, 
of the Somerset and Norfolk local scientific societies, he was a 

frequent contributor, and for the ‘ Geological Magazine’ he not only 
wrote original articles, but carried out the duties of a sub-editor 
for many years. 

All his writing is marked by scrupulous care in compilation, and 

by a conscientiousness in acknowledging previous writers that 

threatened at times to cramp his own originality. It was to him 

a delight to work, and after illness had rendered impossible those 
visits to the field which he loved so well, he busied himself in 

collating, in editing, in any work indeed in which his experience 

could be turned to account. Almost up to the moment of his 

death he was engaged in preparing the statistical part of a Geo- 

logical Survey Memoir on Water-Supply. 

Woodward was elected into our Society in 1865 and into the 

Royal Society in 1896. In 1885 he received the Murchison Fund, 

in 1897 the Murchison Medal, and in 1909 the Wollaston Medal, 

awarded to him by the Council of the Geological Society in 

consideration of researches conducive to the interests of the science 

of Geology. He served on the Council several years, and was 

Vice-President in 1904-1906, but the state of his health prevented 

him from taking an active part in the affairs of the Society at 
the time when his services were most likely to be available. He 

was President of the Geologists’ Association in 1893-94. 

For not far short of 40 years I was associated with Woodward 
on the Geological Survey. As I look back upon this long period, 

I realize what I owe to him. As my senior officer he was sym- 

pathetic and helpful, and his example was noble. As my friend 

he inspired me with that affection which only perfect amiability 

and unselfishness can win. I can recall no harsh word, no 

unjustified criticism, no unfriendly action during all those years. 
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At the time of his retirement from the Geological Survey he 
had reached the age of 60, and the first symptoms of his illness 
had appeared. He lived five years more, working with indomitable 
fortitude but with gradually decreasing strength, until the end 

came on February 6th, 1914. 

Tempest AnpDERSON, M.D., Hon. D.Sc. (Leeds), J.P., was a 

member of a well-known Yorkshire family, and showed a keen 

interest in fostermg the study of science in his native county. 

Born in 1846 he was educated at St. Peter’s School, York, and had 

a distinguished career at University College, London, and at the 

University of London. In his profession he devoted his attention 
particularly to diseases of the eye, on which he published several 

papers, and was for some years Consulting Ophthalmic Surgeon to 

the York County Hospital. In his spare time he proved himself 

to be a capable mountaineer and travelled widely, always with the 

view of adding to his collection of photographs of places of interest. 

But his reputation as a man of science was due more especially to 

his photographic studies of the phenomena attendant upon voleanie 

eruptions and the flow of lavas. As a result of long experience in 
using the camera under difficulties, and often at great personal risk, — 

he had brought his apparatus to a high degree of perfection, and by 

his geological knowledge had been able to select subjects, not merely 

of sensational interest, but of utility to students of ancient and 
modern volcanoes. His photographs were frequently exhibited at 

scientific meetings. 

In 1902 Anderson was commissioned by the Royal Society to 

undertake a joint investigation with Dr. J.S. Flett on the eruption 

of the Soufriére in St. Vincent. The report, illustrated by remark- 
able photographs by Anderson, appeared in the Philosophical Trans- 

actions for 1903, and was followed in 1908 by a second report, in 

which Anderson described the changes that had been more or less 
permanently effected by the outburst and by subsequent erosion of 

the ejected material, as observed by him in 1907. In 1903 he 

published his well-known work on ‘ Voleanic Studies in Many 

Lands.’ The material for this work had been gathered by exami- 
nation of Skapta Jékull in Iceland, by more than one journey to the 

Lipari Islands, and by visits to New Zealand, Kilauea, Mexico, 

Guatemala, and Savaii. 

Tempest Anderson was a valued member of several scientific 

societies. As President of the Yorkshire Philosophical Society he 
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did much, both by precept and by financial aid, to encourage a 

pursuit of science. The addition of a lecture-hall to the York 

Museum was virtually his gift. He was a Member of Council and 
former Vice-President of the British Association, President of the 

Museums Association in 1910, and a Member of Council of the 

Royal Geographical Society. He was elected to the Geological 

Society and served on our Council in 1912-18, but resigned his 
seat in prospect of the journey from which he was destined never 

to return. He contributed a paper to our Quarterly Journal in 

1910 on the Volcanoes of Matavanu in Savaii, beautifully illustrated 

with his own photographs. In this paper, among many other 

interesting observations, he gave what is probably the first account 

by an eye-witness of \the development of pillow-structure in a 
lava-flow on its entering the sea. 

He djed on August 26th, 1918, while on the homeward journey 

from the Philippine Islands, and was buried in the cemetery 

at Suez. 

DonaLp Suiry, first Baron StratHcona and Mount Royat, 

was the son of Alexander Smith, a Highland merchant. He was 

born, as he himself believed, on August 6th, 1820, but as his friends 

thought, in 1818. At the age of 18 he entered the service of the 
Hudson Bay Company, and for thirteen years was stationed at 

Hamilton Inlet on the coast of Labrador, where, with characteristic 

energy, he did what was possible to meet conditions of unusual 

hardship and isolation. Passing through various grades, he became 

Governor of the Company in 1869. 

In that year the Canadian Government purchased the proprietary 
rights of the Hudson Bay Company, with the effect of rousing 

discontent among the French half-breeds and causing the Red 

River Rebellion. Donald Smith, with two other commissioners, 

was sent to negotiate with the rebels, and carried out his task with 

such signal success as to receive the thanks of the Governor-General 

in Council. From that time until 1896 he represented various 

constituencies in the Dominion House of Commons, closing his 

political career in Canada on receiving the appointment of High 

Commnissioner in London. 

Of all the great services rendered by Donald Smith to Canada 
none have had a more profound effect upon the development of 
the Dominion than the share which he took in the completion of the 

Canadian Pacific Railway. In 1871 a stipulation was made for the 
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construction within ten years of a railway connecting Eastern Canada 

with British Columbia, then recently included in the Dominion. 

The work, after the dissolution in 1873 of Sir Hugh Allan’s 

Company to which a charter had been granted, was taken over by 
the Canadian Government; but little was done until, in 1880, a 

new contract was granted and a company formed by Donald Smith, 

George Stephen (afterwards Lord Mount Stephen), and others. 
In 1885, six years before the contract time had expired, Donald 

Smith drove the last spike ; but for some years the company was on 

the verge of bankruptcy, and it was only by desperate measures on 

the part of Smith and his friends that it was nursed through a 
period of adversity and developed into one of the great trans- 
portation companies of the world. 

In 1896 Smith was appointed High Commissioner for Canada in 

London, an office which he retained until his death. He was 

raised to the peerage, under the title of Lord Strathcona and 

Mount Royal, in 1897. 

During the Boer war, Lord Strathcona gave cipal to the 
patriotism which animated Canada, by equipping and landing in 
South Africa, at his own expense, a regiment of mounted scouts. 

The men had been connected with the North-Western Mounted 
Police, and by their services during the war enhanced, if it were 
possible to do so, the great reputation of that force. | 

- The great influence which Lord Strathcona was able to bring to 
bear upon Canadian affairs, both by his position and by his wealth, 
was exercised with sound judgment and untiring industry. His 

private benefactions were on a princely scale, and in their bestowal 

showed a discretion and kindliness of heart which endeared him 
to all nationalities in the Dominion. 

He was the recipient of many University honours, and, in 1904, 

was elected into the Royal Society of London. He had been a 
Fellow of the Geological Society since 1885. 

He died on January 21st, 1914, having maintained his activities 

up to the day when the last brief illness commenced. 

James McMvrrrie was born at Dalquharran in Ayrshire, and 

there, under his father, commenced a connexion with coal-mining 

which was to fill a large part of his life. After spending a few 
years in Liverpool and Newcastle-on-Tyne in completing his 

training, he became, in 1862, an Assistant to Mr. G. C. Greenwell 

in the management of the Radstock Collieries. Later on, he 
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managed the Newbury Collieries, but on the retirement of Mr. G. 

C. Greenwell, he succeeded him in his post and occupied it for 
40 years. During this period McMurtrie took a prominent part in 

the settlement of the difficulties which arose from time to time 

between owners and men, and was largely instrumental in intro- 

ducing the sliding scale and in establishing a Conciliation Board. 
During his management of the Radstock Collieries he deepened the 
pits below the Radstock Series, which alone had been worked, and 

succeeded in winning the Farrington Series of seams, thus adding 

considerably to the local coal-resources. 

McMurtrie was elected a Fellow of the Geological Society in 

1873. Although he did not contribute to our Journal, he made his 

profound knowledge of the Somerset Coalfield available in other 

ways. Sir Joseph Prestwich, in his report on the coalfield to the 

Royal Coal Commission of 1871, included a valuable section drawn 

by McMurtrie to illustrate the relative positions of the productive 

strata, the form of the coalfield, and its extension beneath the 

Mesozoic formations. Thirty years later McMurtrie contributed 

a tabular statement of the sequence of strata near Radstock to the 

Royal Commission on Coal-Supplies, which reported in 1905. 

Other papers relating to the geology, archeology, and mineral 

resources of the district that he knew so well, appeared in the 

publications of the Somerset local scientific societies, in the 

Reports of the British Association, the Transactions of the Insti- 
tution of Mining Engineers, and the Proceedings of the South 
Wales Institute of Engineers; of the last-named Institute he was 
President in 1879-81. A valuable collection of fossil plants from 

the Coal-Measures of Somerset was made by McMurtrie, and was 

referred to by Morris in the ‘ Geological Magazine’, vol. v. It was 

presented to the British Museum in 1894, and is now exhibited 

among the Natural History collections. McMurtrie died on 

February 2nd, 1914, at the age of 74. 

Henry Frankiin Parsons, M.D., was born on February 27th 
1846. He was educated at private schools and at St. Mary’s 

Hospital, subsequently enjoying a distinguished career at the 
London University, where he gained the Gold Medal in Physiology, 
Histology, & Comparative Anatomy in 1865, and that in Public 
Health in 1876. After six years of medical practice, he was 

appointed Medical Officer of Health for the Goole and Selby 
district of Yorkshire in 1874, and was made a Medical Inspector 
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at the Local Government Board in 1879, a post which he retained 

until 1892, when he became Assistant Medical Officer. In 1911 — 

he retired from official life. Parsons manifested an interest in 
geology from an early age, and was elected to the Geological 
Society in 1877. Though he never contributed a paper to this 
Society, he rendered valuable assistance to the Geological Survey 

by supplying records of wells in all districts with which he was 

connected, and was part-author of the Memoirs on the Water- 

Supplies of Suffolk, Lincolnshire, Sussex (Supplement), and Kent. 
He served on several interdepartmental Committees, and among 
them on one appointed to enquire into the work of the Geological 
Survey. 

He was the President of the Epidemiological Society, and was 
author of many reports on medical and sanitary subjects. 

Dr. Parsons died on October 29th, 1913. 

James Logan Lopizy was born in 1833, and was elected a Fellow 

of the Geological Society in 1865. He was author of a small work 

on Mount Vesuvius in 1868, and brought out an enlarged volume 
under the same title in 1889. He contributed but little to the 

Journal of this Society, but wrote more frequently in the Geological 
Magazine. His main energies, however, were devoted to the 

Geologists’ Association, in which he held office for fourteen years. 

In his later years he was engaged, under the auspices of the 
Royal Geographical Society, in teaching the elements of geo- 

logy to explorers. In June 1918 he was awarded a Civil List 

Pension, but on the 27th of that month he died, only a few days 
before the announcement was to reach him. 

Sir James Lamont was best known to geologists of a former 
generation, In connexion with his work in the Arctic regions. 
Undertaken primarily for purposes of sport, his voyages resulted in 
his publishing in 1871 and 1876 contributions of much value 
to the little that was then known of Spitsbergen and Novaya 

Zemlya. After completing his education at Rugby and the Edin- 

burgh Military Academy, he served for two years in the Army, 
and for three years he represented Buteshire in Parliament. He 
was elected into our Society in 1859. He died on July 29th, 
1913, at the age of 85. 
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Witr1am Henry Surcrirre, who was born in 1855, received 

his education at Manchester Grammar School and Owens College. 

Though engaged in business as a cotton manufacturer, he was 
energetic in the investigation of the archeology and geology of his 
own neighbourhood. The remains of Prehistoric Man to be found 
near Rochdale excited his keenest interest, and the collections made 

by him are a notable feature in the museums at Rochdale and 
Manchester University. Possessed of a keen critical faculty, he 
found himself unable to accept the authenticity of ‘Koliths,’ or 
the postulated antiquity of the Galley Hill and Ipswich skeletons. 

As a collector of fossils his services have proved of great value, 
more especially in elucidating the fauna and flora of the Coal 
Measures. 

Mr. Sutcliffe was elected a Fellow of the Geological Society in 
1903, and in 1904 contributed to the Journal a joint paper on 
Eoscorpius sparthensis, sp. nov. He was a member of several 
local societies, and in 1912 President of the Rochdale Literary & 

Scientific Society. He died on August 18th, 1913. 

Puinie Lurtey ScLaterR was born on November 4th, 1829. 

He was educated at Winchester and Oxford, and in 1855 was called 

to the Bar. The study of ornithology, however, proved more 
attractive than that of law, and led to Sclater becoming one of 
the most noted zoologists of his day. His connexion with the 

Zoological Society extended over a period of 63 years, during 43 of 
which he served as Secretary. 

Sclater’s division of the earth’s surface into regions based on 
the distribution of birds, though not now adopted in its entirety, 

served usefully in its time to direct the labours of geologists who 
were studying the past distribution of animals. These regions, 
however, were regarded by him as separate centres of creation; it 

remained for Darwin and Wallace to explain the distribution 

of life. 
Sclater was elected into the Royal Society in 1861, and into the 

Geological Society in 1878. He died on June 27th, 1913. 

Frank Jounstone MircHett, who was elected into our 

Society so long ago as 1859, was educated at St. John’s College, 
Cambridge, and was professionally engaged at Newport (Monmouth- 

shire). Antiquarian research proved to be the main occupation of 

such time as he could spare from business. 
He died on October 11th, 1913, at the age of 90, 
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Herbert Ketsatt SLATER, son of the Rev. T. E. Slater, a 

missionary in Mysore, was born on August 28th, 1875. He was 

educated at Bishop’s Stortford College and the Central College, 

Bangalore. In 1894 he received an appointment in the Mysore 

Geological Department; but in 1901, and again in 1909, he returned 
temporarily to England in order to study those branches of geology 
in which his professional duties lay. 

The record of work which he has left in the publications of the 
Mysore Geological Department, proves that by his death we have 

lost one of the most promising of the younger geologists. The 
last number, published since his death, contains a map and report 

by him on sala rocks comparable to the Keewatin formation 
of Canada. 

He had been elected a Fellow of our Society in 1902. 

On May 2nd, 1913, while in camp in the Shimoga District, 
Slater trod upon a venomous snake and was repeatedly bitten. He 

died about twelve hours later. 

Tuomas Henry Corr, Managing Director of the firm of 
Messrs. Cope Brothers, tobacco manufacturers, was an assiduous 

student of geology, and devoted much attention to the volcanic 

rocks of North Wales. He was elected into the Geological Society 

in 1905. On April 28th, 1913, he died at the early age of 46. 

RussEtL Frost Gwinnett was elected into this Society in 1903. 

He was engaged as lecturer at the Imperial College of Science, 
South Kensington, and his life came to a premature end on March 

15th, 1913. 

In addition to the losses from the ranks of this Society to which 
I have referred, we have to deplore the deaths during the past year 

of two workers of notable originality in the physical and biological 

branches of geological science. 

GrorGE Howarp Darwin, by profession an astronomer, was 

engaged for many years in calculations of far-reaching importance 
on the age and history of the Earth and its satellite. His first 
paper on a geological subject, published in 1877, was devoted to 
testing the theory that glacial epochs could be explained by a 

wandering of the pole in the Earth’s figure due to geological earth- 

movements together with associated changes in the obliquity of the 
ecliptic. His conclusions, to quote his own words, were 

‘absolutely inconsistent with the sensational speculations as to the causes 

- 
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and effect of the Glacial Epoch which some geologists had permitted them- 

selves to make.’ 

Turning his attention to the age and history of the Earth, he 

proceeded to investigate the frictional resistance experienced by 

a tidal wave, and formed some important conclusions as to the 

rigidity of the Earth as a whole, and as to the cumulative effect of 
attractive forces acting on the parts of the Earth nearer to and 
farther from the disturbing body. 

While unable, with existing evidence, to form an estimate having 

any pretension to accuracy as to the present rate of tidal friction, 

yet he was able to infer a gradual increase in the length of the day, 
of the month, and of the obliquity of the ecliptic with a gradual 
recession of the Moon from the Earth. He further calculated that 
at a distance of time of not less than 54 million years, the Moon’s 
centre would have been only about 6000 miles distant from the 

Earth’s surface, while the day and the month would be of equal 
duration, estimated at 5 hours 36 minutes. The further inference 

followed that the Earth and the Moon had once formed a single 

mass. Such a mass, gaining in rapidity of rotation as it contracted, 

had split into two, and, according to his investigations of the 
motions which would follow upon such a rupture, must have 
developed a system bearing a strong resemblance to our own. 

Darwin then turned his attention more especially to the stresses 
caused in the interior of the Earth by the weight of continents and 
mountains, and found reason to believe that resistance to these 

stresses implied a strength of material at least equal to that of 

granite. | 

ALFRED RussEL WALLACE was born on January 8th, 1823. At 

an early age he was attracted to the study of botany, but later on 

became engrossed in entomology. This led to a journey to the 

Amazon and Rio Negro, on the return from which his ship, with 
all his collection, was destroyed by fire in mid-ocean, and his health 

was temporarily shattered by exposure for ten days in an open boat. 

In 1854, after his recovery, he visited the tropics, and made the 

observations in Borneo, Sumatra, Java, the Celebes, New Guinea, 

and Singapore which enabled him to produce his classic work on 

the ‘Geographical Distribution of Animals’ and his more popular 

account of ‘Island Life.’ 
During these years Charles Darwin had been engaged in collecting 

the facts on which his theory of natural selection was based. So 

far back as 1844 he had outlined his views to Lyell and Hooker, 

and had been urged by Lyell to publish them, lest he should be 
f2 
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forestalled. Determined, however, that his conclusions should be 

well-founded, he had continued his patient preparation of evidence. © 

Wallace at that time had, by his own account, ‘hardly thought 

of any serious study of nature.’ The idea of natural selection 
came to him while he was at Ternate, in the Malay Archipelago, 

in a sudden flash of insight. In a week it was written out and sent 

to Darwin. Darwin, forestalled after 20 years of work, maintained 
that Wallace was entitled to an equal share with himself in the 
honour of the discovery ; Wallace himself considered that his share 

might be estimated in the proportion of one week-to twenty years. 

In 1858 joint papers by Darwin and Wallace, ‘On the Tendency 

of Species to form Varieties, & on the Perpetuation of Varieties 

& Species by Natural Selection,’ were communicated to the Linnean 
Society. This, briefly, is the story of the birth of a theory on 
which modern biology and palzontology are based. 

Both the great men who took part in this contest of magnanimity 

have now passed away, but before his death Wallace received proof 
of the high value which was to be attached by poster to his. 
work and to his share in the discovery. 

One of the subjects touched upon by Wallace was an estimation 

of the age of the Earth. In discussing calculations founded on the 
length of the stratigraphical column, he pointed out that, although 

denudation proceeds on all exposed land-surfaces, deposition is 
confined to the coastal parts of the oceans, and is correspondingly 
more rapid. After careful consideration of the limits of the area 
within which the degraded material may be assumed to be distri- 
buted, he inferred that 

‘ deposition, as measured by maximum thickness, goes on at least nineteen 

times as fast as denudation.’ 

On the strength of this conclusion he advocated a large reduction 
in the estimate of time required for the deposition of the strata of 
the world. The conclusion may be well-founded, but it helps little 
if our knowledge of the rate of denudation is confined to mere 
guesses ; and it must be admitted that our knowledge, not only as 
regards the rate at which any one of the many types of existing 
land-surface, but, still more, the land-surface of the globe as a 

whole, are being degraded, deserves no better description. 
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PROBLEMS OF Post-GractaL DENUDATION. 

The problem of denudation, in all but the latest geological period, 
is one of infinite difficulty, for it involves consideration of varying 
conditions which can never be known. The distribution of 
‘different types of rock in the land-surface of past ages can only be 
ascertained locally and imperfectly ; yet their power of resistance 

is a dominant factor in the problem. The vagaries of climate are 
not calculable now, and are past guessing in former geological 
‘periods. The tropical climate, with extremes of temperature and 
spasmodic rainfall, the wet climate, the dry climate with persistent 
wind, are a few of a long list of types, each intensely active. That 

they existed in past times we know, but of their distribution and 

duration we know next to nothing. Nor is it possible to estimate 
the protective or destructive effects of the organic life of land- 
surfaces of geological times. 

An estimation of the effects of denudation during the latest 
geological period, though beset with difficulties, is less open to 

these objections. Indeed, it seems evident that geologists should 

prove the possibility of forming an estimate with some degree of 
precision for that period during which conditions not widely dif- 
ferent from those now existing prevailed, before aspiring to furnish 
statistics for primeval times. I propose, therefore, in dealing with 
the question of denudation, as evidenced in this country, to confine 
my remarks to post-Glacial time, to consider what methods are 

possible of estimating the amount of denudation which has been 
effected during that period, and of measuring the rapidity with 
which the denuding agents are now carrying on their work. 

Without suggesting that those agents have been uniformly effective 
during the changing conditions which have prevailed in post-Glacial 

time, we may claim that they have operated under conditions so 
comparable with those of the present day, as to bring their effects 
within the range of legitimate speculation. 

The problem of post-Glacial denudation is open to attack from 
‘more than one direction. We have no such sensational example in 

the British Isles as the gorge of Niagara, but we can show a well- 

developed series of Glacial deposits, which have been under close and 

prolonged observation. In proportion as we have learnt to distin- 

guish these from the various gravels that have been formed out 
of their waste, we have become the better able to recognize topo- 

graphical features of post-Glacial origin. River-gorges, re-excavated 
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pre-Glacial valleys, and dissected plateaus are some among the 

many forms in which the effects of post-Glacial denudation are 
presented for consideration. 

In this connexion, I leave out of account the weathering of the 

rock-surface itself, as being too indefinite a factor to furnish a cal- 
culation for the present purpose. In some districts the effects of 

glaciation are displayed in such freshness as to suggest that the 
Glacial Period is an episode of yesterday ; elsewhere the surface 
has so perished as to leave merely a reminiscence of the forms 
characteristic of glaciation. Much has depended upon the character 

of the rock and of the climate, but no less on the nature of the 

material by which the rock was covered and the length of time 

during which the surface has been exposed to the air. Attempts 
have been made also to determine the relative ages of Glacial 

deposits by the amount of weathering, as distinct from erosion, 
which they have undergone. But I put these effects aside, as 
yielding no data suitable for my present purpose. 

Such objections apply in a less degree to the removal of Glacial 
deposits by the ordinary agents of denudation. There are regions 
where it is not only possible to trace the evolution of the existing 

landscape, but where there would seem to be a possibility of esti- 

mating the bulk of the material removed in the process of evolution. 
The work has been done by streams and other agencies now in 

operation. The next step, therefore, would be to ascertain the rate 

at which those agencies are working, in order to calculate the time. 

required for the removal of the material under existing conditions. 

How far these conditions have varied would still remain for 
consideration. 

I can best illustrate my meaning by mentioning examples where: 

measurements of post-Glacial work may be within reach. One such 
case occurs on the Welsh Border in Denbighshire. There a plateaw 
of Glacial sand and gravel extends eastwards from the Welsh hills 
for 2 or 3 miles. It ranges from 250 to 300 feet above the sea, and 
terminates eastwards in a somewhat steep declivity, from the foot — 

of which extends a broad plain of Boulder Clay with a height of 
about 50 feet above the sea. 

The River Alyn, leaving the Welsh hills, crosses the plateau and 
the Boulder-Clay plain. At first it descended the declivity, as we 
may suppose, by a series of rapids, but for a short time only—for in 
the loose gravel cutting-back must have commenced at once. At 

the present day, the river has established a course of fairly steady 
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gradient, traversing the declivity in a steep-sided valley which has 

perhaps an approximate average depth of 100 feet and a width of a 
quarter of a mile. Here, therefore, appears to be a post-Glacial 
excavation, of which the capacity may be measurable. 

The river, however, on reaching the Boulder-Clay plain was greatly 

weakened in transporting power, and was unable to roll its burden 

of gravel farther. The contents of the gorge were consequently 

shot on to the low ground and there spread abroad. The fan thus 

formed extends outwards from the foot of the declivity for about 
2 miles, and occupies an area of between 3 and 4 square miles. * It 

will be seen that the cubic contents of the delta, plus the amount 
of fine sediment which the river could carry off in Bit Pein 7 
should equal the cubic capacity of the gorge. 

I have mentioned this case, not because I have founded any 

calculation upon it myself, but because it forms an example where 
two estimates could be made, and checked one against the other. 

It will be remembered that a calculation of the amount of material 
removed by the Dee under similar circumstances, in the process of 

excavating its post-Glacial valley below Cefn Viaduct, has been 

made by Mr. Wills in his paper on ‘ Late Glacial & Post-Glacial 

Changes in the Lower Dee Valley.’! If the Alyn gorge were to be 
used for the purpose of estimating post-Glacial time, the rapidity 

with which the river is now working, and has worked in the past, 

would have to be determined and estimated. It is still adding to 

the delta, but its operations are increasingly retarded by the fact 

that it has cut down to the rock in several places, and that its 
gradient becomes less steep in proportion as excavation proceeds. 

There are, moreover, many deltas throughout the country which 

might furnish data for estimating the rate at which denudation is 
proceeding. Many of them are being formed contemporaneously 
with alluvial deposits and inosculate with them in such a way as to 
be partly inaccessible for measurement, while others are being 

pushed forward under water. Deltas of the former kind abound, 

but become specially noticeable where a tributary enters a steep- 
sided flat-bottomed valley. In the Vale of Neath, a deep trench 

which traverses the South Wales coal-field from north to south, 

every tributary stream has shot its delta on to the alluvial meadows. 

For the most part these gravel-fans present a symmetry and an 
appearance of finish, as though they had ceased to grow. They are 

clothed, too, with vegetation, and even partly built over, but it is only 

1 Q.J.G.S. vol. Ixviii (1912) p. 188. 
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necessary to examine the raw and freshly-deepened channels of the 
streams which have formed them, to realize that the mechanism by 

which they have been spread is still in active. operation. In one 

case the proof is particularly interesting. A delta occupying about — 
an eighth of a square mile has been spread on to the alluvial flat. 

by a stream which drains a tract of mountain-land. The stream is 

now carried across the Great Western Railway at Resolven Station 

in a broad iron trough. In time of flood, gravel and large stones 
are rolled in procession along the trough and, without some help 

from the railway officials, would speedily block the passage. Here 

there would seem to be an opportunity of ascertaining the amount 

vf material which is being added to the delta in any given time 
from a known area by a stream of measurable flow. | 

In numberless other cases throughout the British Isles it would 
be of value for our present purpose to determine the relation 
between the size of the delta and the discharge of the stream which 

has formed it, for various types of geological formations. 
Of deltas formed under water there is no lack in the lakes of 

the British Isles. Many varieties are presented, but the simplest 
perhaps are those formed where a stream enters at the head 
of a lake and escapes at the foot, dropping its solid contents and 
levelling up the lake-depression systematically from the head 
downwards. Others which have been pushed out from a fairly 
straight and regular shore-line present opportunities of measurement. 

Less suitable for our present purpose are those formed where the 

exit of the stream is close to its entry, or where a large feeder has 

thrown a bar across the foot of the lake, as has happened where 
the Treweryn enters the depression in which lies Bala Lake. 

Other types of lakes are furnished by the innumerable meres 
which occupy hollows among drift-mounds, notably in Cheshire and 
Shropshire, but in many other parts of the country also. Few of 

these are entered by large streams, and they are being filled for the 
most part by rainwash from the neighbouring slopes and wind- 

borne material from far and wide. The post-Glacial sediments in 
them are not easily distinguished from the material which forms 
their original sides and would be difficult to measure, but it is 

probable that in some cases an estimate of their bulk would be 

possible. Measurements in such cases would furnish data bearing 
on the action of rain and wind, as distinct from the rough and 

ready methods of a river. 

Time is an unknown factor in ali the cases to which I have 
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referred, but there are many examples of artificially dammed-up 
waters which provide opportunities of measuring the amount of 
material transported from a known area in a known time. Mill- 
dams are the least satisfactory for the purpose, inasmuch as a part 
of the stream only is diverted to the reservoir. In flood-time, when 

practically all the work of the river is done, no record is preserved 
of the material which is rolled or carried down the main stream. 

But there are many ornamental waters and reservoirs for various 

purposes through which the whole stream passes, and in which the 
entire burden of solid impurities is intercepted. Indeed, works are 

constructed for the express purpose of clearing water of suspended 
matter; yet, although the amount of water passing and the rainfall 
have been generally observed, the bulk of the solid contents of the 
water has seldom been measured, possibly from motives of discretion. 

Under this head, also, may be placed rivers controlled by weirs. 

An example will be referred to later in a description of some 

experiments on the Exe, where the amount of material removed 
from the channel annually above a dam, in order to keep the channel 
at a constant depth, has been recorded. Canalized rivers present 

a different problem. In normal weather the water is held up at 

a uniformly low gradient by a succession of weirs. Its power to 

roll material along the bottom is obviously annulled, and its ability 

to keep matter in suspension greatly diminished. It would appear 

at first sight that the river must be paralysed as a denuding agent. 

That this is not the case is clear enough during the passage of a 
flood. Weirs at such times are thrown open, or may even be so 
-deeply submerged as to play the part of mere rugosities in the 

channel. The power of a river at normal level to roll material is 

probably negligible, whether canalized or free ; its power in flood- 

time is apt to disregard control. At such times holes are dug in 

one part or another of the bed, shoals are formed in others, but 

always with the result of transporting material a stage farther down 

the valley. These effects are counteracted by dredging. Obviously 
then, a canalized river should provide unusual opportunities for 
ascertaining the rate at which material is transported by rolling. 

‘The amount dredged between each pair of weirs should, in the 

course of years, give an accurate account of the activity of the river 
in every part of its canalized course. 

The distance over which rivers are now rolling coarse material is, 

I believe, not beyond the reach of actual observation. An exami- 
nation of the stones in the recent gravels and alluvium of a river 
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which traverses outcrops of easily recognizable rocks should give-a 

clue to the distance over which the coarser débris is being trans- 

ported, due regard being paid to the fact that calcareous rocks are apt 

to disappear by reason of their solubility. My impression, founded 

on limited observations, is that in the majority of English rivers the 
distance is trifling as compared with the length of the river. 

Few rivers roll material directly into the sea; in fact, no English © 

river is now accomplishing this feat. The conditions for its aecom- 
plishment involve a continuously steep gradient down to tide-level. 

In our rivers the steep gradient is generally confined to the upper 

reaches; a modified gradient, with correspondingly reduced trans- 

porting power in the current, characterizes the middle reaches ; 

while in the lower reaches transportation is replaced by deposition. 
This condition is due partly to the fact that the river-system has 
gone far towards reaching what is known to physiographers as 

‘maturity,’ but still more to the sinking of the land which has 
taken place during and since Neolithic times, and has had the 
effect of drowning the lower reaches and admitting the tide far 
inland. A restoration of the land to the level recorded in the 

Neolithic deposits of the Barry and Southampton Docks and in the 

buried peat-beds of many other estuaries, would go far towards 
excluding the tide from the lower reaches; but a further elevation 

would be required to bring about that ‘rejuvenescence’ which 
would render our rivers capable of carrying their coarser solid 
contents clear out to sea. 

The diagram of the Exe, the Medway, and the Severn facing this 
page illustrates two types of English river. The points of inter- 

section of the river-bed with the contours shown on the Ordnance 

maps are plotted at their proper respective distances from the 

source, the scales being so adjusted as to give a vertical exag- 

geration of about 105. The Medway and the Severn show a 

profile which may be taken as typical of English rivers. Tidal 

waters extend about a third of the total length of the river. A 
long stretch of gentle gradient follows, increasing in steepness 

steadily, but with almost imperceptible slowness. Then comes a 

sudden curve up to the source. Such profiles tell their own tale. 
Whatever rapids or waterfalls may once have existed, all have eaten | 
their way back to form part of the upper and steeper reaches, ‘ 

leaving behind them an evenly graded channel. In the Exe the | 
cease is different; the tidal reach is comparatively short, the middle 
reach is not only steeper, but is not perfectly graded. The upper 
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reach alone presents the characteristic form, and evidently there is 

still much to be done in the middle and lower reaches before sueh 

perfection of profile as that of the Severn is attained. 
The power of rivers to roll material doubtless varies in different 

parts of their courses according to local circumstances, but the 

general rule holds good that the upper reaches of English rivers 

form the scene of erosion, and the lower reaches that of deposition. 

It would be interesting, in the case of the Exe, to ascertain how far 

the geological structure is responsible for the imperfection of the 
gradient ; and secondly, by observing the operations of the river at 

several points, to determine what progress is being made towards 

the perfecting of it. I will now merely mention that the whole of 
the upper part of the course is in Devonian rocks, and that the 

regularity in the gradient between 900 and 400 feet may be 
connected with the character of the strata at Hawkridge. The 
cessation of the steep gradient at 400 feet marks the spot where 

the river leaves the Devonian, and flows on to the Culm Measure 

outcrop. 

In 1906, with the object of determining the rate at which denu- 

dation is now proceeding and other matters, I commenced an 
investigation on certain English rivers. The idea was suggested by 

Sir Archibald Geikie’s address to Section C of the British Association 

at the Dover meeting in 1899, and the investigation has been 

carried on by the aid of the Royal Geographical Society and of a 

Government Grant from the Royal Society. 

The investigation necessitated observations under five distinct 
heads, and for an account of the subdivision of labour among the 
volunteers who gave their services I must refer you to the reports 

which have been issued from time to time in the ‘ Geographical 
Journal’ and to the final report on the results, which is now in 

preparation. ‘The five heads referred to are :— 

(1) The discharge of the rivers. 

(2) The suspended and dissolved impurities in the water. 

(3) The rainfall. 

(4) The area of the river-basins. 

(5) The character of the rocks. 

The objects having a direct geological bearing were a determina- 
tion of the amount of suspended and dissolved impurities carried 
per annum, and a comparison of the conditions observable in rivers 

draining caleareous and non-calcareous districts, or pervious and 
impervious formations. 
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It proved, in the first place, far from easy to find rivers suitable 
for the investigation: The rivers draining into the fens were found 
to be too difficult to gauge. They have a nuinber of outlets, and 
the discharge is effected largely by artificial means. Accessibility 
was an important consideration, and in the Thames, which for 

this and other reasons was the first to come to mind, the natural 

conditions are altered, more completely perhaps than in any other 

‘river, by canalization. : 

Eventually, the Exe and the Medway were selected as rivers of 

strongly-contrasted types. The Exe drains a hill-district largely 

composed of Paleozoic rocks, and may be described as a clear and 

lively mountain-streaam; the Medway drains a comparatively 

low tract of Mesozoic rocks, and may be described as a sluggish 
lowland river. The Exe for the most part is uncontrolled’ by 

weirs ; the Medway is canalized. Subsequently the Severn, another 

‘eanalized river, was added to the list in consideration of its im- 

‘portance among British rivers, and of the fact that an elaborate 
series of unpublished gaugings was available for our use. 

The methods of measuring the discharge are described in our > 

reports, and need not now be mentioned further than to say that 
‘they were based on a determination of the relation between the 
level of the water and the velocity of the current. Similarly, it 
was sought to establish a relation between the suspended and 

‘dissolved impurities and the level of the water. The level was 
therefore observed daily, and even hourly in time of flood, through- 
out the period of investigation ; and, from these observations, the — 

annual discharge and the amount of impurity proper to any 

discharge were estimated. | 
_ Arrangements were, therefore, made for the determination of the 
suspended and dissolved matter in samples of water collected in all 

conditions of the rivers. This work, which was undertaken by the 

chemical instructors of institutions in Exeter, Chatham, and Wor- 

cester, proved arduous, for the seizing of the proper moment for the 
collecting of samples was found to be essential, especially in the case 

of the Exe, a lively and sensitive river subject to rapidly changing 
moods. Special journeys were undertaken in the hope of catching 

a flood at its height, but were often not attended with success. 

Notwithstanding these disappointments, and despite the difticulty 
that the chemists could not allow the work to interfere with 

their professional duties, enough was done by them to show that 
here we have a subject well worthy of precise and continued 

e+ oe 
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observation. The transportation of material by rolling along the 
bottom was dealt with in a different way. Various devices have 

been suggested for determining its amount, and among them I 
may mention a form of box-trap so constructed that it retained all 
the gravel which the current might roll into it. By placing this 

on the bottom of the river, it was believed by the inventor that an 

estimate could be obtained of the amount of gravel travelling. 

Such devices inspired me with profound mistrust—the initial error 

appeared likely to be enormous, and it might be indefinitely 
increased if the observations on a single spot were to be applied 
to the length and breadth of the channel. 

We were fortunate, however, in obtaining, through the kindness 

of the City Surveyor of Exeter, some highly significant records of 
dredgings. The dredging has been conducted for several years in 

a length of the river close above Exeter, which is held up at 

a constant level by a weir, and is kept at a constant depth as a 

bathing-place by removing the gravel as fast as it accumulates. 
It may be assumed that no gravel is rolled over the weir. The 
amount dredged, therefore, is the amount which the river has 

rolled on to this part of its course. The records show that in the 
seven years, 1904-10, 8071 cubic yards were dredged. 

Observations on the rainfall were provided by Dr. H. R. Mill, 
Director of the British Rainfall Organization, The data upon 
which calculations of the total annual fall are based consist of a 
large number of daily observations on rain-gauges scattered quite 

iregularly throughout the catchment-areas. Different methods of 

dealing with this raw material will be presented by Dr. Mill and 

Dr. Owens in our Report, and I will now merely point out one of 

the most obvious difficulties that had to be met. For the keeping 
and reading of a gauge the volunteer services of a resident are 
enlisted, but residents are apt to congregate in the most habitable 

_ parts of a catchment-area and to avoid the moorlands. It thus 

happens that the records from the valleys and lower reaches far 
outnumber those from the uplands and upper reaches. Yet it is 
upon the latter that the greater part of the rain falls. If, there- 
fore, the average rainfall were calculated from the gauge-records 
without taking into account the distribution of the gauges, a most 
serious underestimate would ensue. 

For the determination of the limits of the river-basins it proved 
necessary to examine the ground. The only map of river-basins 

that was useful, is one published by the Ordnance Survey many 
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years ago, on the scale of 10 miles to the inch. The areas of the 

basins are given, but they include the ground which drains mto 

tidal water, whereas for our purpose it was necessary to exclude 

that part of each basin. 

In practice, the precise determination of a water-parting proved 

to be far from easy. For example, where a plateau, such as that 

which dominates the landscape in the south-eastern part of Devon, 

has been dissected by a system of streams, the water-partings run 
along surviving strips of the plateau, which may range from a few 
yards to a mile or two in width. The strips are flat-topped, and 

their drainage is usually artificially effected and lable to be 

changed. In the case mentioned much of the plateau is formed 
by gravel, which rests on an inclined plane of impervious strata. 

The water which soaks into the ground breaks out as springs on 

the side towards which the plane inclines, and is far from being 
equally divided between the drainage-systems on either side of the 

plateau. There is much ground also where, for other reasons, no 
definite line can be drawn, and in all such cases it is better to adopt 
an arbitrary line than to aspire to an impossible precision. All 

this notwithstanding, a river-basin map of sufficient precision 
for practical purposes is possible, and it might well be made pi 
for academic and for administrative reasons. 

The main water-parting once determined, it became possible to 
make such other measurements within the basin as were desirable : 

such, for example, as the areas. lying above 1000 feet, or between 

1000 and 500 feet above the sea. 
Lastly, the character of the strata cropping out within each 

river-basin was considered. Unfortunately the greater part of 

each of the three river-basins lay outside the area to which the 

mapping of the Drift and the revision of the solid geology by 

the Geological Survey has extended. It was necessary, therefore, 
to have recourse to the Old Series Geological Maps, and to 

generalize somewhat broadly on the distribution of Drift, and on 

the relative areas occupied by pervious or impervious subsoils. 

The geological results of the investigation, with which alone we 

are concerned in this Society, were fairly in accordance with 
expectation. The amount of suspended matter was not measur- 

able, or was extremely small, when the current was normal or below 

normal. It increased rapidly when the river, in rising, reached a 

certain level; but the rise in the amount was not always in direct 

relation to the rise in the water-level. We had invariably before us 
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the danger that muddiness in the water might be due in part to 
human interference. Moreover, our experiments were not suf- 
ficiently exhaustive to show whether the same proportion of 

suspended matter was to be expected with the same velocity 
of current, and whether the amount was the same with a rising as 
with a falling river. The dissolved matter, on the other hand, 

was expected to reach its maximum when the river was at its 

lowest, and was being fed by springs; it was expected to be ata 

minimum when the river was in flood, and was being fed by rain- 

water flowing directly off the surface of the ground. 
Some of our diagrams confirmed these anticipations. In the Exe 

especially, a river which is more nearly than the others in a natural 

condition, the curves representing suspended and dissolved matter 

varied inversely with considerable regularity. In the Medway the 
diagram. was impaired by our comparative failure to secure a 

continuous record of the discharge of water. 
The Severn observations showed anomalies, which we could only 

attribute to artificial interference in its course through a populous 
region. A remarkable record, which could not be thus explained 
away, was obtained by Dr. Woollatt during a period of frost and 
thaw with snow. The proportion of suspended matter was ex- 

tremely high at the commencement of the snowfall, which was 
accompanied by heavy rain. Subsequently, while the snow was 

disappearing, the proportion became abnormally low and so con- 
tinued until normal conditions were restored. 

The experiments, which I have here mentioned briefly and 

only so far as they have a geological bearing, will be described in 

full in the publications of the Royal Geographical Society. They 
were undertaken with the hope of ascertaining what ought to be 

done, and what it is possible to do, in the investigation of the 
phenomena which arise in a given area from the precipitation of 

water in the form of rain and its discharge in the form of rivers. 
In any future investigation, the five heads under which we carried 

out our work must form the basis of operations. Two only are 
provided for, namely, the ‘ Rainfall’ by the British Rainfall 

Organization, and the ‘Character of the Rocks’ by the Geo- 
logical Survey; for the other three additional organization would 
be required. 

The importance which is attached to hydrographic surveys in 
other countries is due to the fact that much of the ground covered 
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is imperfectly known and sparsely inhabited ; the water-resources, — 
using the expression in its widest sense, are as fit a subject for 
exploration as are the geography and geology. In our own country 

the rivers have been under observation for centuries, and some sort 

of understanding was long ago reached between the mill-owners 

and the navigation companies on the one part, and the Spirit of the 
Flood on the other part. For this reason I am not prepared to 
argue that investigations such as ours must be continued on the 
ground of utility, so far as regards all five heads of the enquiry. 
In fact, I believe that the determination of the discharge of some 
of our rivers is practically impossible. But if any of the sugges- 
tions that I have put forward lead to more systematic and precise 

observations on the work of denudation, as now proceeding before 
our eyes, I shall have attained my purpose. 

This afternoon I occupy this chair as your President for the last 
time. During my two years of office I have had opportunities of 
realizing, both at home and abroad, how great and how world-wide 
is the reputation of this Society. In leaving office I express the 
hope that that reputation is at as high a level as I found it, and in 
handing over the duties and responsibilities of the post to Dr. Smith 
Woodward, I have full confidence that it will be safe in his keeping. 
Tt is true that the two years have given me additional work, but 
thanks to the courtesy and assistance which I have received from 
the Officers and Council, and to the consideration with which I 

have met at your hands, they have brought me much additional 

pleasure. 
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February 25th, 1914. 

Dr. A. SmirH Woopwarp, F.R.S., President, 
in the Chair. 

Eric G. Brown, B.Sc., Oficina del Ingeniero Seccional, Bartolomé 
Mitre 299, Buenos Aires (Republica Argentina); and Vivian 

_E. Robson, B.Sc., Assistant Curator in the Geological Department 
of the Bristol Museum, 41 @ Ravenswood Road, Redland, Bristol, 
were elected Fellows of the Society. 

The List of Donations to the Library was read. 

The following communications were read :— 

1. ‘Acid and Intermediate Intrusions and Associated Ash- 
Necks in the Neighbourhood of Melrose (Roxburghshire).’ 
By Rachel Workman McRobert, B.Sc. (Communicated by E. B. 
Bailey, B.A., F.G.S.) 

2. ‘Correlation of Dinantian and Avonian.’ By Arthur 
Vaughan, M.A., D.Sc., F.G.S. 

Rock-specimens and lantern-slides were exhibited in illustration 
of Lady McRobert’s paper. 

Lantern-slides were exhibited by Dr. A. Vaughan in illustration 
of his paper. 

Tne following map was exhibited :— 

Geological Survey of England & Wales: 1-inch map, Sheet 350 
(new series), Torquay, 1913, presented by the Director of H.M. 
Geological Survey. 

March 11th, 1914. 

Dr. A. SmirH WoopwarpD, F.R.S., President ; 
and afterwards Dr. H. H. Bemrosz, J.P., Vice-President, 

in the Chair. 

James Douglas Haworth, 28 Victoria Street, S.W., and Robert 
Wright, B.Sc., Giridih, E.I.R. (India), were elected Fellows of 
the Society. 

The List of Donations to the Library was read. 

Mr. E. T. Newron, in exhibiting a series of small mam- 
malian and other remains from the rock-shelter of 
La Colombiére, near Poncin (Ain), said that, during the 
year 1913, Dr. Lucien Mayet and M. Jean Pissot were working 
systematically at the prolific deposits of this locality, and towards 
the end of the year made known the discovery of a number of 
incised bones and stones, representing the human form as well as 

VOL. LXX. g 
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several animals. This discovery was published in the C. R. Acad. i: 
Sci. Paris (vol. clvi, p. 665), and some account of it, with several __ 
figures, appeared in the ‘ Illustrated London News’ for November 
Ist, 1913. 

_ The upper part of the deposit is referred to the Neolithic and 
Magdalenian ages: but below this, at a depth of 64 feet, a bed 
(10 inches thick) was found, which yielded the incised drawings 
mentioned above, as well as numerous mammalian remains and 
flint-implements ; and this is regarded as of Aurignacian age. 
Immediately below the last-mentioned bed a deposit of sand and 
small rock-fragments was penetrated to a depth of 10 feet, 
and this deposit, also referred to the Aurignacian, was found to 
contain an enormous number of bones of small mammals and other 
animals. Some twenty species have already been recognized. by 
the discoverers. 

The large number of small bones now shown were obtained by 
the exhibitor in sifting about 1 cubic foot of this lower, remarkably 
prolific, deposit, which had been sent to him by Dr. Lucien es 
of Lyons. . | 

The following communication was read :— 

‘On an apparently Paleolithic Engraving on a Bone from 
Sherborne (Dorset).’ a, Arthur Smith Woodward, LL.D., F.R.S., 
Pres.G.S. | 

In addition to the exhibit described above, the clewae i 
specimens, ete. were exhibited :— 

Incised drawing of a horse on bone, and remains of Pleistocene — 
mammals from Sherborne (Dorset), exhibited by the President, in — 
illustration of his paper. 
+ Specimen of kaolinized Lower Kinderscout Grit from Bamford i ‘s 
Edge (North Derbyshire), exhibited by Dr. Herbert Lapworth, 
Sec.G.8., M.Inst.C.E. 

Lantern-slides of footprints of Igwanodon, etc. from the Wealden 
Beds of Sussex, exhibited by Charles Dawson, F.S.A., F.G.S. 

Geological Survey of Scotland: 6-inch map, Sheet 11 (S.W.), __ 
Lanarkshire, 2nd ed. 1911; presented by the Director of H.M. a 

Geological Survey. a 

March 25th, 1914. 

Dr. A. Smrra Woopwarp, F.R.S., President, 
in the Chair. 

Sydney Lipscomb Elborne, B.A., Wootton House, Peterborough ; 
Albert Farquahar, Waverley, Sandwich (Kent); and John William 
Dudley Robinson, B.Sc., 188 Portsdown Mansions, Maida Vale, W., 
were elected Fellows of the Society. 
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The List of Donations to the Library was read. 

The PRESIDENT announced that the Council had awarded the 
Proceeds of the Daniel Pidgeon Fund for the present year to 
Percy GrorGE Hamyati Boswett, B.Sc., F.G.8,, who proposes 
to investigate the Stratigraphy and Petrology of the Lower Eocene 
Strata of the North-Eastern Portion of the London Basin. 

Prof. J. W. Jupp, C.B., F.R.S., gave the following general 
account of the Geology of Rockall:— 

‘Rockall is a small isolated rock in mid-Atlantic, lying 184 miles west of 
St. Kilda; it has a circumference of only 100 yards and a height of 70 feet, 
and, except in the very calmest weather, is quite inaccessible. It is the haunt 
of sea-birds and, with its whitened top, resembles a sailing ship, for which it 
has often been mistaken. The rock rises from a bank (the ‘“‘ Rockall Bank ’’) 
upon which there are several dangerous reefs. 

, ‘More than 300 years ago it was reported that a large island occupied the 
site of Rockall, and, for a hundred years or more, all Atlantic charts repre- 
sented this island, which was named “ Busse Island,” with a number of other 
islands and islets, as present in the North Atlantic. Taking these supposed 
facts in connexion with the famous classical stories of an “ Atlantis,” the 
theory was often advanced that the North Atlantic was an area of sub- 
-sidence, and that the reported islands—and, in the end, Rockall—were the 
last vestiges of the famous vanished continent. Modern research has, how- 
ever, quite disposed of this fantastic theory. 

‘ Nevertheless, Rockall is of considerable interest, especially to geologists. 
-In 1810 Basil Hall, then a young officer in H.M.S. Endymion, obtained a 
fragment from this rock, which later found its way into the collection 
of the Geological Society. More than 30 years afterwards, the specimen 
was recognized ; it was then mislaid for another 30 years, and in 1895 was 
brought to me by the late Prof. T. Rupert Jones. 

‘He not only carefully studied all the literature connected with Rockall, 
but was able to trace two other specimens of the rock, the loan of which 
he obtained and brought to me. They had been procured by two of the 
officers of H.M.S. Porcwpine in 1868 during the survey of the North Atlantic. 
The microscopic study of these specimens shows that in Rockall there exist 
rocks of exceptional interest, which are not represented in our islands, but 
have analogues in the Christiania district of Norway, where they have 
been so well studied by Prof. W. C. Brégger. These rocks, as shown by 
microscopic study and by a chemical analysis made by Mr. Makins, consist 
essentially of three minerals—quartz, the felspar albite, and the rare soda- 
pyroxene xgirite, with its dimorphous form acmite. The rock, therefore, re- 
sembles the soda-granite and the grorudite of Prof. Brogger—but, in deference 
to the opinion of the distinguished Norwegian petrographer, a distinct name 
was given to it. 

‘In 1896 an attempt was made to obtain further specimens of the Be of 
this islet by members of the Royal Irish Academy; but, although many 
valuable observations were recorded, it was found, after two voyages had 
been made to Rockall, quite impossible to land and obtain specimens. 

‘Dredging operations have yielded many specimens from the Rockall Bank, 
and these were examined by the late David Forbes and Prof. Grenville A. J. 
Cole. The abundance of basalt-fragments among these dredgings suggests 
the possibility of Rockall belonging to the same petrographical province as 
St. Kilda, Iceland, the Inner Hebrides, and the North of Ireland; hitherto, 
I believe, no rocks resembling “ rockallite”’ have been found in this province 
On the other hand, the existence of borolanite and other alkaline rocks in 
the Northern Highlands suggests the possibility of Rockall being the western 
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extension of a much older province, which includes the Christiania district 

and the Scottish Highlands. % 

‘Some months ago Prof. Iddings and Dr. Washington represented to me 
the desirability of a more detailed analysis of this rock. One of the two 
small fragments available was, by the advice of Prof. Watts, sent to America 
by the Council of the Imperial College of Science & Technology, to whom 
they belonged, and the paper now about to be read gives the result of the 
study of this minute specimen by Dr. Washington.’ 

The following communication was read :— | 

‘The Composition of Rockallite.’ By Henry Stephens Washing- 
ton, Ph.D., For.Corresp.G:S. 

Specimens of Ostrea bellovacina, with remains of the ligament, 
from the Oldhaven Beds at Beckenham (Kent), were exhibited by 
R. W. Pocock, B.Sc., F.G.S. 
A geological map of the Valenii de Munte, on the scale of 

1: 50,000, 1911, presented by the Director of the Geological 
Institute of Rumania, was also exhibited. 

April 8th, 1914. 

Dr. A. Smrra Woopwarp. F.R.S., President, 
in the Chair. 

The List of Donations to the Library was read. 

The following communications were read :— 

1. ‘The Evolution of the Essex River-System, and its Relation 
to that of the Midlands.’ By John Walter Gregory, D.Sc., F.R.S.. 
F.G.S., Professor of Geology in the University of Glasgow. 

2. ‘The Topaz-bearing Rocks of Gunong Bakau (Federated 
Malay States).’ By John Brooke Scrivenor, M.A., F.G.S._ 

The following specimens, lantern-slides, etc., were exhibited :— 

Specimens of pebbles from the Essex gravels, and lantern-slides, 
exhibited by Prof. J. W. Gregory, D.Se., F.R.S., F.G.8., in ~ 
illustration of his paper. 

Rock-specimens and microscope-sections exhibited by J. B. 
Scrivenor, M.A., F.G.S., in illustration of his paper. 

Geological map of Austria-Hungary: 1:75,000, Sheets Iglau, 
Wels—Kremsmiinster, Enns—Steyr, and Kirchdorf, 19138. Presented 
by the Director of the K.-k. Geologische Reichsanstalt. 
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April 29th, 1914. 

Dr. A. Smira Woopwarp, F.R.S., President; and afterwards 
Witxi1am Hirt, Vice-President, in the Chair. 

Frederick John North, B.Sc., Assistant in the Geological De- 
partment of the National Museum of Wales, Cardiff, 188 Farmers 
Road, Camberwell, S.E.; Ernest Proctor, Assistant Demonstrator 
in Geology, Imperial College of Science & Technology, 27 Holmby 
Street, Burnley (Lancashire) ; and Arthur Charles V: arah, 7 Britnall 
Street, Sheffield, were elected Fellows of the Society. 

The List of Donations to the Library was read. 

The following communications were read :— 

“On the Lower Jaw of an Anthropoid Ape (Dryopithecus) 
ee the Upper Miocene of Lérida (Spain).’ By Arthur Smith 
Woodward, LL.D., F.R.S., Pres.G.S. 

2. ‘The Structure of the Carlisle-Solway Basin, and the Sequence 
of its Permian and Triassic Rocks.’ By John Walter Gregory, 
D.Se., ¥.R.S., F.G.S., Professor of Geology in the University of 
Glasgow. 

The following specimens and maps were exhibited :— 

Specimens of the left ramus of the mandible of a young Chim- 
panzee, the left ramus of the mandible of Man, and the left ramus 
of the mandible of Dryopithecus fontani Lartet, from the Upper 
Miocene of Seo de Urgel, Lérida (Spain). Exhibited by the 
President, in illustration of his paper. 

Specimens of Carboniferous sandstone from Kirtlewater, Redkirk, 
near Gretna, exhibited by Prof. J. W. Gregory, D.Sc., F.R.S., 
F.G.S., in illustvation of his paper. 

Geological Survey of Ireland: Sheet 11, 1913; map on the scale 
of 4 miles to the inch, or 1: 253,440. Presented by the Director 
of that Survey. 

Geological Surv ey of Scotland: Sheet 11 (8. W.), Lanarkshire, 
1911; map on the scale of 6 inches to the mile, or 1: 10,560. 
Presented by the Director of H.M. Geological Survey. 

Geological Survey of New Jersey: geological map of New Jersey, 
1910-12: on the scale of 4 miles to the inch, or 1: 253,440. 
Presented by the Director of that Survey. 
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May 13th, 1914. 

Dr. A. SmirH Woopwarp, F.R.S., President, 
in the Chain 

The List of Donations to the Library was read. 

The PrEsIDENT mentioned that, on the proposition of Mr. R. H- 
TrppDEMAN, President of the Yorkshire Geological Society, a con- 
ference eeald be held in Leeds next autumn to discuss thoroughly 
the Glacial phenomena of the North of England. 

Mr. Joun Parkinson exhibited (a) a few specimens of the old 
lacustrine beds from the neighbourhood of Lake Magadi, on the 
borders of British and German East Africa; and (0) specimens of 
soda and of silica from the Lake itself. The former consist of un- 
consolidated ash, fine silts with Planorbis, and diatomite. Probably 
these beds, in places, are over 100 feet thick. With the soda is 
associated silica, which fringes some fault-scarps and forms narrow 
ridges in the Lake itself. 

The following communications were read :— 

1. ‘The Scandinavian Drift of the Durham Coast, and the 
General Glaciology of South-East Durham.’ By Charles Taylor 
Trechmann, B.Sc., F.G.S. 7 

2. ‘On the Relationship of the Vredefort Granite to the Wit- 
watersrand System.’ By Frederick Willoughby Penny, B.Sc., 
F.G:S. 

In addition to the exhibit described above, the following specimens. 
- and maps were exhibited :— 

Specimens of splintered flints, Scandinavian rocks, and Pleisto- 
cene shells from the Durham coast, and lJantern-slides, exhibited 
by C. 'T. Trechmann, B.Sc., F.G.S., in illustration of his paper. 

Rock-specimens and microscope- -sections, exhibited by F. W. 
Penny, B.Sc., F.G.S., in illustration of his paper. 

Geological Survey of Sweden: Maps Nos. 135, 188, 141, 146, & 
149, on the scale of 1:50,000, 1909-1913; presented by the 
Director of that Survey. 

May 27th, 1914. 

Dr. A. Smira Woopwarp, F.R.S., President, 
in the Chair. 

Andrew Russell, Beerbhoom House, Asansol (Bengal), was 
elected a Fellow of the Society. 
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Dr. Friedrich Johann Backs, Professor of Mineralogy in the 
Imperial & Royal University of Vienna (Austria); Dr. Thomas 
Crowder Chamberlin, Professor of Geology in the University of | 
Chicago (Illinois), U.S.A.; Dr. Franz Julijevich Lewinson- Lessing, 
Professor of Mineralogy & Geology in the Polytechnic Institute, 
St. Petersburg (Russia); Dr. Alexis Petrovich Pavlow, Professor _ 
of Geology & Paleontology in the Imperial University of Moscow 
(Russia) ; and Dr. William Berryman Scott, Professor of Geology 
in the Princeton University, Princeton (New Jersey), U.S.A., were 
elected Foreign Members of the Society. 

Dr. Paul Choffat, Geological Survey of Portugal, Lisbon; and 
Dr. Charles R. Van Hise, President of the Univer sity of Wisconsin, 
Madison (Wisconsin), U.S.A., were elected Foreign Correspondents 
of the Society. 

The List of Donations to the Library was read. 

The following communications were read :— 

1. ‘On the Development of Tragophylloceras loscombi (Sow.).’ 
a Leonard Frank Spath,. B.Se., F.G.S. 

‘The Sequence of Lavas at the North Head, Otago Harbour, 
aes (New Zealand).’ By Prof. Patrick Marshall, M.A., 
D.Sce., F.G:S. 

Protoconchs and young specimens of Tragophylloceras loscombi 
(Sowerby), as also lantern-slides, were exhibited by L. F. Spath, 
B.Sc., F.G.S., in illustration of his paper. 

June 10th, 1914. 

Dr. A. Smita Woopwarp, F.R.S., President, 
in the Chair. 

The List of Donations to the Library was read. 

The Names of certain Fellows were read out for the first time, 
in conformity with the Bye-Laws, Sect. VI, Art. 5, in consequence 
of the Non-Payment of the Arrears of their Contributions. 

The following communication was read :— 

‘The Ballachulish Fold near the Head of Loch Creran (Argyll- 
shire).” By Edward Battersby Bailey, B.A., F.G.S. 

Sir Doveras Mawson gave an account of the Geology and 
Glaciation of the Antarctic Regions, as observed in his recent 
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Expedition, and exhibited a series of magnificent lantern-slides, — | 
many of which reproduced the natural colouring by direct photo- 
graphy. A unanimous vote of thanks proposed by the PresIDENT, 
and seconded by Dr. J. J. H. TEAL, was tendered to Sir Douglas 
Mawson, by whom it was briefly acknowledged. 

June 24th, 1914. 

Dr. A. SmirH Woopwarn, FERAS., Peudee 
in the Chair. 

Walter Daniel Gove, 1 Riverview Road, Chiswick, W.; Campbell 
Murray Hunter, M.A., Assoc.M.Inst.C.E., 78 Finchley Road, N.W.; 
W. J. Jones, Lecturer on Mining & Geology to the Glamorgan 
County Council, Pleasant View, Graig Cefnpare, near Swansea ; 
Frank Leslie Morgan, B.Sc., Madeley (Shropshire) ; and Edgar 
Schofield, The Rosary, Leventhorpe, Woodlestord, Leeds, were’ 
elected Fellows of the Society. | 

The List of Donations to the Library was read. 

The Names of certain Fellows were read out for the second time, 
in conformity with the Bye-Laws, Sect. VI, Art. 5, in consequence 
of the Non-Payment of the Arrears of their Contributions. 

The following communications were read :— 

1. ‘The Paradoxidian Fauna of a Part of the Stockingford 
Shales.’ By Vincent Charles Illing, B.A., F.G.S. 

2. ‘The Trilobite Fauna of the Middle Cambrian of the 
St. Tudwal’s Peninsula (Carnarvonshire).’ By Tressilian Charles 
Nicholas, B.A., F.G.S. . 

The following specimens, ete., were exhibited :— 

Specimens of trilobites, lantern-slides, and diagrams, exhibited by 
V. C. Illing, B.A., F.G.S., in illustration of his paper. 

Specimens of trilobites, exhibited by T. C. Nicholas, B.A., 
F.G.S., in illustration of his paper. : 
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