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THE SIMPSON DESERT EXPEDITION, 1939 - SCIENTIFIC REPORTS
NO. 7 - BOTANY

PT.II THE PHYTOGEOGRAPHY OF SOME IMPORTANT SANDRIDGE
DESERTS COMPARED WITH THAT OF THE SIMPSON DESERT

By C. M. Eardley

Summary

In the course of determining the plants collected on the Simpson Desert Expedition, 1939 (Eardley

(36) ), considerable interest was aroused in the question of how the Simpson Desert compared in

aridity with other great deserts of the world.
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INTRODUCTION
In the course of determining the plants collected on the Simpson Desert

Expedition, 1939 (Eardley (36) ), considerable interest was aroused in the ques-
tion of how the Simpson Desert compared in aridity with other great deserts of
the world.

Information was now available on the vegetative cover of the Simpson Desert,
so a search was made for similar literature about seven other deserts which con-
tained parallel sandridges. As far as possible, meteorological data and relevant
general descriptions were also sought, but the emphasis was on the vegetation, and
the results are now presented in this study. It is felt that a useful measure of
comparative aridity has been obtained.

(A) LIBYAN DESERT
The eastern half of the Sahara is now generally referred to as the Libyan

Desert. Gautier (5) stresses the difference between the Occidental and the
Oriental Sahara, saying that in essence it is due to "the extreme aridity of the
Libyan Desert, incomparably greater than that of the Occidental desert" (p. 105.
op. tit.).

* Herbarium of the University of Adelaide.

Authorities for extra-Australian plant names have only been given in this paper
when supplied in the source quoted.

Trans- Roy. Soc. S. Adst., 72, (1), 23rd August, 194S
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1. Libyan Erg
2. Xakla Makan

SAND-RIDGE DC5CRT5

3. Rub' al Khali 5. Simpson Desert 7. Chihuahua

4, Western Sahara 6. Kara Kum and Kisil Kttftl 8. TharDeseit

The Libyan Desert consists mainly of flat expanses covered with a stony

surface or a'sand sheet; it also includes areas of various sizes where sand-

dunes occur. These dunes are distinguished by their tendency to form long-

parallel hues whose regional orientation depends upon the direction of the

prevailing winds in the locality. It is these dune-areas which are of so

much interest to the present study- By far the largest of them is the Great

Libyan Erg which Gautier considers "probably the most imposing mass of dunes

on the whole surface of the earth" (p. 103. op. cit,) f
with nothing comparable to

it in the Occidental Sahara. The smaller dune-areas will here be neglected in

order to concentrate attention on the Great Libyan Erg, which RohlEs (8) called

the "Great Sand Sea" Knowledge of this region, even of its extent, has been

almost entirely lacking until about 1930. It is the most inhospitable part of the

barren Libyan Desert.

A summary of recent explorations in the Libyan Desert is given in Kagnold's

popular book, "Libyan Sands" (2). His own desert journeys by motor car were

most extensive and included excursions into the Great Sand Sea in 1929 and

1930 (1). The only published account then available was that of Rohlfs' historic

journey of 1874 (8).

The Great Sand Sea lies against the western border of Egypt It forms an

area roughly rectangular and about 300 miles long by 100 miles wide; the long

axis lies N.N.W. by S.S.E., and this is also the direction of alignment of the

long parallel dunes (just as in the Simpson Desert, as it happens), There is a

narrow plateau between the dunes and the coast in the north, and the oasis of

Siwa is situated at the base of the southern escarpment of this plateau, close to

the northern dunes. Another formidable barrier, the eastern escarpment of the

great Gilf Kcbir Tlateau, lies to the south of the Sand Sea; it is therefore very

difficult to leave Egypt by the western frontier except in the extreme north and

perhaps the extreme south.

Among the names famous in the exploration of the Libyan Desert, only a

very feAv can add to our knowledge of the interior of the Sand Sea. These arc

Refills (8), de Lancey-Forth (4), Bagnold (1 and 2), Wingate (11L P. A.

Clayton and Lady Clayton East Clayton (about 1933).



Rotitls attempted to cross the dimes from east to west near the southern
end with a well -equipped caravan of seventeen camels ; he very snnti found himself

laced with the close, parallel sandridges over 100 metres high and from two to

four kilometres apart (much higher and broader than the Simpson Desert dunes)
He came to the conclusion that his camels would be exhausted after even four
days of travel across such dunes, am] regretfully turned his direction, north-north-
west for 300 mile* along the lanes between the dunes to Siwa; on this occasion
he travelled 420 miles in 36 days. Unfortunately, (he original accounts of RohJfs'
journey have not been seen by the; present writer,, but it has been gleaned at

second-hand (from Hagno!d) that Ifohifs saw m plants in the whole of the 300-
mile journey in the dunes except a little gir^cgj on nearintr Siwa. Such an absence
of plant life if highly unusual, even for a desert, tkottgh seen in other parts oi
the Libyan Desert, as described by MacDougal (7) and Thomas (10).

De Lancey-Forth, formerly commanding the Frontier Camel Corps, was
inspired in his journeys by the search for the legendary oasis, Zerzura, as were
many other explorers. His journeys into the Sand Sea were fcv rnmel. Tn the
winters oE 1921 and 1924 he went about 100 and 200 sriiliiS rcSjicjirivdy, south of
>'iu.i, the second journey hein^ an extension of the first along the dime lartQ*,

TW:< route lay some 50 miles west of Rohlfs* route, but the western edge of the
dunes was not seen. In one or two sandy valleys he found odd,, green bus/its
(un-named), too bitter for camels to cat, hut there was no other vegetation.

In 1922-23. de Lancey-Forth investigated the south-eastern edge of the dunes
and penetrated them as far ns Wohll's had done before turning north-north-west
The only ^cr/cfalion found ©*tt IK a valley thinly grassed for a mile or two. It is

probable that this valley lay pit the track of a" vaguely known and very difficult

Arab caravan route across the southern dunes of the Sand Sea, connecting Ktifra
on the west with Dakhla Oasis on »hc? east; Bagmild also saw this track in his
journey presently to be described. De Lanccv-Forih's hurneys were not pub-
lished until 1930 (4).

BagnoltTs travel^ unlike these, were all bv motor-car. He was among the
pioneers who demonstrated the accessibility of big dimes to light motor-cars, and
became very expert at negotiating them P, A. Clayton ako made extensive desert
journeys by car. It may be argued that there is less chance of seeing- any vegeta-
tion, present when travelling by car. but the fact remains that, of "the "accounts
seen, Ba#nold

T

s expeditions alone collected and named the one or two plant species
found in the Sand Sea.

Bagnold attacked the dunes from Ain Dalla, making virtually three trips into
them in 1929 and 1930. Ain Dalla is a small nasis about half-wav along- their
eastern margin. He penetrated further westward than "Rohlfs or de Lancey-Forth
(1922). and found (he mysterious caravan route between Kufra and Egypt, but
hr was unable to follow it out of the dunes on the west side and had to make his
esrai^i? southwards along fhe bnes between them. This pnrt of his journey took
perhaps a fortnight, but he hud travelled 700 miles in I he dunes and seen more of
the area than any of his predecessors, having crossed a great many of the dunes
Bt right angles in bolh directions.

W. R K, Shaw went with BagnoM as botanist. His collection of 21 specie*
in all was identified at Kew, and his publisher] notes on the vegetation of the
ac-lual Sand Sea (6, 1931) are most helpful. The only species he saw there was
Ephedra olata var. Decnisnei StapL, usually as single, isolated bushes IS" high in
pure snnd, He also collected a piece of wood from the remains of a dead shrub
in the heart of the Sand Sea; it was identified as another species of Ephedra
This genus contains several widespread desert plants and belongs to a group



represented in all the continents except Australia. Along ihe rarely used camel

route across the dunes from Kufra, he saw the shrivelled remains of plants for

some hundreds of yards, in places. They were noL worth collecting, but he thought

they might have been a species of the grass Arisiida, Then, for great distances.

he saw no plants at all save for rare tufts of the same small, withered grass*.

Within 5inne miles of this route are the* following two entries on Bagnold's map
"40 green bushes" and "200 green bushes" (I).

The other plants on ShawV list were collected outside the Sand Sea and near

wells. He also went with Bagnnld in 1932 on a long round trip of 6,000 mite*

jroin Cairo and back, to the southern part of the Libyan Desert towards the

Sudan., and collected a further 27 species, again identified at Kew and published

with his notes (f>, 1934).

For further information on the desert plants between the Nile Valley and

the Sand Sea, the accounts of the botanists MacDougal (7) and Ilamshaw

Thomas (10) may be consulted. Both emphasise the absence of plant life foi'

stretches of many miles and the poverty in number of species. It is of interest

to note that several of the genera quoted by them arc also characteristic of the

Kaia Kum l>esen, e.<j. t /Iristida, Calligonum, Sa(sola
f
Ilahxylon, EphcdfKii and

Tamarix which is important in all the Old World Deserts.

Li 193.5 Orde Wfngaio (also in search of Zerzura) actually crossed the dun*:

belt item east to \vcst aboui 130 miles, and returned on his own tracks; ]>e tra-

velled with camels on lat. 261-27° N., crossing two of Bagnold's tracks and also

Rohlfs'. Wingate was in the dunes 35 days. He saw "several" brilliant green

shrubs, usually halfway up a dune. They were very bitter and only eaten

sparingly by the camels (c.f., de Lanccy-Forth). He also recorded a couple oi

pieces of dead tamarisk trunks. It is riot known wdicther Hie green bushes of

Wingate and de Lancey-Forth were Ephedra, as in Bagnold's case.

Only allusions to the journeys of the Claytons have been seen by the present

writer, and published accounts were sought in vain.

During the recent military campaigns in northern Africa (1940-3), certain

small mobile units operated far south of the coastal strip on special missions,

they traversed ihe desert by all modern means of transport, and there was some

travelling' in the Sand Sea with jeeps. Bagnold pioneered the formation of such

units, and some popular accounts of their work have been published. One ot

these, (a) is written by W- B. K. Shaw, the botanist of earlier expeditions

withBagnoId; another is by Malcolm James (b). however nothing is added to

the precise botanical knowledge of the Great Sand Sea.

To attempt a forma! account of the meteorology of the Sand Sea is not po>-

sible; Eohlfs probably records some useful information, and we know that he

experienced rain there in 1874 (his book was unavailable to the writer). Rag-

nokl, from his extensive knowledge, states that the amount of rainfall throughout

the Desert is ill-known but conspicuously sporadic, and absent for perhaps eight

years at a time. Engler (25) and Gautier (5) say the same thing, mentioning

heavy local sronns once in twelve years, and giving an apparent average of about

3 "9"" annually in the French Sahara. Another factor is the large diurnal range

of temperature in the erg or dune desert. Also, the air is very dry, with relative

humidity usually under 20%, and evaporation from a free water surface is quoted

as being 4 in. or more, yearly (MacDougal). The temperature drops quickly

at night in the dimes, and in winter there may be nocturnal frosts, but nothing

(a) "Loti£ Range Desert Group, ' Collins, London, 1945

(b) '-Born of Hie Insert," Colling London, 1945



to approach the winter cold of the Takla Makan. Dry winds are an important
feature of the Libyan climate. Human inhabitants are few in number and con-
fined tn the larger of the oases; this is in contrast to the western .Sahara, where
there are small,, nomadic tribes, of camel herders.

To sum up, the Great Sand Sea is quite uninhabited, scarcely visited, and
very difficult for travelling. With small exceptions the large parallel sandridges
are bare of vegetation. Among the few plants which have been seen there and
identified arc Ephedra data var. DecaisjuH Stapf, and possibly another species of
Ephedra, together with grass fragments, perhaps Aristida sp-, and remains of
supposed tamarisk (11) trunks.

These bare parallel dunes are very much more arid than the Simpson Desert,
with its comparatively good cover of vegetation between the dunes at least; the
Libyan dunes are also much higher.
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B; THE TAKLA MAKAN DESERT
The Tnkki Makan is the most terrible of all the five or six Asiatic desert

regions, and probably comparable only with the worst parts of the Libyan and
Sahara Deserts. It lies in Central Asia in the southern part of Sin-kiang, the
western-most province of China. This elevated depression, also known as Kash-
garia or Eastern Turkestan, is almost surrounded by some of the highest moun-
tains in the world. On (lie north are the Tian Shan Mountains, on the south the
mountains and plateau of Tibet, and ou the west the Pamirs; to the east lies the
Wandering Lake. Lop-nor, and the Takla Makan extends into the Gobi Desert.

These mountain barriers are considered by Popov (16) to account for the

poverty of the vegetation of Kasbgaria, so far as species numbers go, compared
with the richness westward in the deserts of Asia Media; however, the inhos-
pitable sund-dunes of the Takla Makan arc hardly m need of this explanation for
their lack of plant life. Sir Aurel Stein (18) estimates the si^e of this desert as

about 900 miles long from cast to west, and 300 miles in its broadest north-south



extent; It lies between long. 78
D-93° £. and lat. 37°-4l° N. The River Tarim.

flowing from west to east, bounds the desert almost completely in the north!

three roughly equidistant smaller rivers flow across from the southern edge of

the desert towards trie Tatim. Only two reach it now, though in the past less

arid conditions have prevailed. The other rivers coming down from the mou.n-

Uiins soon lose themselves in the desert.

Our best accounts of the Takla Mnkan an: those of the Scandinavian explorer

Svcn Hcdin, and the British archaeologist Sir Aurcl Stein. Of the relevant

Russian literature we have only seen a botanical paper by Popov (16). Stcin^

published maps (18) are excellent, including details- of the vegetation and terrain,

Iledin's journeys were probably more numerous aud penetrated the heart of the

desert, while Steiu was chierly coucerued in visiting buried cities and ruins
;
wf

gather from Tfedin (14) that it was scatcely worth while making a botanical

collection because of. the sparseness of plant life.

The Takla Makan depression is actually about 3,000 feel above sea level;

this, combined with the high latitude (37M1° N.), gives it Fur colder winters

than any of the other deserts under consideration. Frosls ceriainly occur on

winter nights in the Sahara, and in the Simpson Desrrt too, but the mean January

(winter) temperature for ihe Sahara is everywhere above 50° F, as quoted by

Kendrcw (15), la Central Asia, the mean for January is much below freezing-

point, small rivers are frozen all the winter, and the temperature rarely rises above

freezing-point even at noon. Scanty records from Kashgar and Yarkand at the

western end of the desert can guide us, together witb observations made by

llcdin on hi? journeys and quoted by Kendrcw. He recorded a minimum fof

-2S ,J i\ in Intmarv in the middle of' the Takla Makan, and on 2 January a

maximum of only 8
C
K- At Tarim Jangik51 (alt. 2,81)0') at the eastern end, Hedin

observed the following mean temperatures during hi* stay— February 17* Fi

March 40° F, April 55° F and May 69* F. The summer temperatures are not

correspondingly lower. In the Sahara the difference between the mean summer

and winter temperatures is of the order of 35
D
F.; at Kashgar it is (j0

u
F., a

tremendous range. The daily range, as far as records show, is in the neighbour-

hood of 30° F., as in the Sahara. The mean summer temperature for July is over

80° F. for Kashmir and Yarkand, compared with 90-100° F. for Salman

stations, and there are maxima of over 100
c

F., according to Kendrcw (15).

Rain falls mainly in summer, but is augmented: by melting winter snow; a

mean annual precipitation of 35 inches has been recorded at Kashgar; m the

heart of the desert it is probably less aud very erratic. The mean relative

humidity is generally low, aud the high mountain harriers arc responsible for

excluding the* rain-bearing winds. The figures just given (chierly from Kendrcw)

for mean values in Central Asia are from records of nitty 1-3 years. (Refer also

to Table I in the Appendix.)

There is no doubt that Hedin's journeys crossed the waterless desert dunes

which are of so much interest to us. The most arduous of these journeys was

in spring 1896 from the western end, 120 miles eastward to the first river flow-

ing north (the Khotan-daria) ; on this occasion he lost two out of five men and

sevea out of eight camels (12). The chief difficulties were the sandstorms, the

tiear, the slowness of travel over the high, compound, steep sand-dunes or

''dawans", sometimes as much as 200-300 feet high. Stein (18) later attempted

a crossing in this region with a better prepared caravan., but he was forced to

turn back ; he vouches for the height of the sandridges. stating that the camels

simply became exhausted crossing them. These dunes are practically parallel,

and continuous enough lo make detours around them out of the question. Some
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of the dunes of the Sahara and Libyan Deserts are of this type and magnitude.

In the dunes at the: edge nf die desert there were occasional shrivelled reeds and

grass tussocks and solitary poplars; the last plants seen were tamarisks. In the

desert itseli on the fiue, yellow, shifting sand of the dunes there was scarcely any
vegetation. Once or twice plan) s were seen on these dunes, a solitary tamarisk

(Tamayix clovgnt(t) here and there, reeds ("Kamish" Losiogrostls splendeus)

in a hollow, and two or three isolated poplars. Eventually Hedin and the

remnants of his party reached the rive* with its dense groves of tamarisks and
poplars ("Tngrnks" .) in the sandy soil. The tamarisk out in the desert commonly
grows as a shrub on top of a conical mouud of sand held by its roots, and these

"tamarisk cones" are mentioned and figured by hoih Stein and Hedin; the rare

poplars and tamarisks found arc often dead. Baguold (2) describes tall tamarisk

cones or "terabil" in the desert of southern EgypL and these tamarisks seem to

he the hardiest of all the vegetation. Along the River Tarim, the small "saline

soil Saxaul" tree, Haloxxlon (or Anahaxis) Amnwdrndran (

—

Arthrof>hyturn
Haioxylon) occurs in place of tamarisks.

Hedin (13) also crossed the eastern end of the desert from north to south.

in the cold of winter. The sand-dunes here are still parallel, but this time ho

travelled almost in the same direction, occasionally crossing the main dunes nt an

angle. There were smaller transverse ridges which he had to climb, dividing the

valley bottoms into a scries of depressions or '"bayirs". The vegetation was as

already described, rare patches of "Kamish" 8-9" high being seen.

Ephemerals are absent from the Takla Makau. Popov (16) states that the

same scantiness of vegetation prevails in the Sahara, but that there is compara-

tively rich development of psammophytes in the deserts of Asia Media on the

western side of tire Pamirs, i.e., in the Kara Kum and Kisil Kum, 1 fr supplies

the following species names for the common names used by the explorers:

Desert poplar or tograk— Popithus ntphratica Oliv. and P- pntinOsa;

Tamarisk = Tau&rix Polld^ji, T, hispida, T. ranioMxsima Ledcb. (forming

cities), and others;

Reeds r- Lasioiffosh's iplntdsus (draniiueac)—the Index Kesvensis has

Saline spors occur between the dunes, where the peripheral streams penetrate

the desert underground, and here halophyrcs like Lymin^ Nstrmm and

Ualostachys are found. Other plants occurring, probably in the belt of riverine

forest vegetation, are PItragitntps communis (the common reed). \Jlycyrrh\2a

inflata and AHiayi Kiryhorum.

Popov says that the only psammophytes he occasionally found in Kashgaria
were Agriopiiylhtm- and Corispermum (both Cheuopodiaceae), which are annual

sand lvalophytcs.

In brief, then, the Takla Makan is characterised by very large sandtidges

almost as devoid of plants as \s the Great Libyan Sand Sea. Its altitude (a

plateau over 3.000' high) is equalled by only one of the other deserts in the

present study, the Chihuahua (Mexico) ; and the latitude is also higher than all

except Iht* neighbouring Kara Tvwii Desert. These two factors give the Takla
Makan colder winters; than die other deserts, though its summers arc still very
hot; I he annual temperature range is therefore greater than in most other deserts.

The few plants or their remain*, seen only on rare occasions during a journey
in the dunes, are poor, shrubby specimens of isolated Tmnanx or Popwlus, and
a small reed-like grass (Lnswyrosh's), The tamarisks usually grow out of the

top of a cone of sand held hy their roots. The species names arc quoted here just
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as given by Hedin aud Popov, and it is not considered necessary in the present

study to go into the relationship of the species or their synonymy. No ephemera'

plants occur, and the desert supports no human inhabitants. The Simpson Desert,

though uninhabited, does not approach the Takla Makan in barrenness or ill

extent.
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C RUB 1 AL KHALI
Southern Arabia contains the worst portion of the Arabian Sand Desert; ii

is known as ihc Rub* al Khali or Empty Quarter ami is uninhabited. This

remained one of the unexplored regions of the earth until quite recently, when

it was crossed from south to north by Bertram Thomas (21) in 1931; a year

later Philby (19) traversed the south-western part from east to west Both these

journeys were camel journeys of well over 303 miles, each through a varied desert

terrain including high, bare parallel sand-dimes. Thomas, contrary to expecta-

tion, found water, but it was saline; Philby found none. From the accounts

of these two experienced Arabian travellers are obtained onr most adeqttale

picture of the vegetation, and it is considered sufficiently representative. Both

published good maps, especially Philby (19).

The planrs seen were scarce, but were such an important part of the economy

of the expeditions, providing the sole camel food and firewood, that they were

continually mentioned in the narratives by their Arabic names. Some isolated

vegetation wras usually in sight, though often dead, and it was seldom necessary

to make camp where none existed. Philby (20) states "from all accounts the

Libyan Desert is worse off for vegetation than the Empty Quarter under the

influence of a long drought
1
', In the Libyan Desert fodder for the camels i*

carried with the caravan, but in Arabia the camels have only the forage they can

find on the journey, and the desert crossings of Thomas and Philby were botli

made under these conditions, which would be quite impossible in the Libyan

Desert. This gives a measure of aridity of the Hub 1

al Khali ; the Arabs accom-

panying Philby often stated that, in their judgment, a given area looked as if i!

had had no rain for four or five years or longer, and this was very probably

the case.

There is little doubt which are the important plants of the region—in Arabic

—

but their exact botanical identity is more uncertain. Thomas (22) gives a few

botanical equivalents, and Philby (20) quite a long; list in an appendix. On
comparing these and weighing- the evidence, the following information is obtained.

Iladh—probably Salsola sp. (Chcnopodiaceae), according to Thomas (22).

A saline, sage-coloured bush, the hardiest of all the desert plants. A good

camel pasture, but too small for firewood. Widespread. Philby (20) gives



"Hadh" as Cormtloca monQciintha Del. (Chenopodiaccac), on the authority

of Rohlfs (8); Ihe explanation may be that this name applies, in North
Africa where Rohlfs travelled.

Abal

—

Calhfjomtttt sp, (Folygnnaceae). A large shrub often forming thickets.

Tt hIso is very hardy and widespread. The wood is a good fuel, and large

enough for making utensils and small structures,

These two appear the most imporlam. Philby adds two more as being the further
staple plants nf the southern sands, i?iz.:

Alqua- Dipierygium (jlaucum Dccne. (Crtici ferae),

Andab

—

Cypcms conglomeratus RoLtb. (Cyperaceae). A small sedge.

Then two slightly less hardy:
fh'rkan

—

Ftigoniu gluthwsa Del. (Zygophyllaeeac).

Zahr

—

Tribuhts sp. A shrub, probably small. fZygophyllaceae),
Under more favourable conditions at the edge of the desert occur several species
of Acacia and grasses of the genus Arktula. There are also salt plains carrying
samphires ( Artliraenemum spp, and related genera).

The plants showed distinct conation, and the sands were usually better
vegetated than the gravel plains. Philby (20) indicates that an ephemeral vegeta-
tion occurred after rains, but saw little of it; he just mentions Sa'dan (Neurada
Rosaceae.) and Halam (?) as riny plants. His scientific "collections" ("plants"
not specified) went to the British Museum, and some, at least, of his botanical
information came from that institution. The writer could not discover where the
plants named by Thomas (22) were determined.

The Rub* al Khali, then, is much less arid than the Libyan Desert or the
Takla Alakan, as evidenced by some vegetation (dead or alive) being always ill

sight; this vegetation is sufficient to sustain a few Travelling camels, and to pro-
vide firewood. By contrast, camel fodder must be carried with the caravan in

the Libyan Desert. Two shrubby plant species arc the most important in the
Desert—"Hadh" and "Abal" (probably Salsola sp. and Calligonum sp. respec-
tively)—whilst a few others, including a sedge, a erucifcr and some Zygo-
phyllaccac also occur commonly in places; cphcmerals grow after rain, and many
other plants of less importance are present. The general use of Arabic common
names by both Philby and Thomas would have made precise identifications diffi-

cult, unless good collections were also available. The Rub' al Khali is uninhabited
for the. most part. The dune regions with their vegetated valleys, and often
slopes also, must bear some resemblance to those of the Simpson Desert, but
apparently extensive areas devoid of vegetation do occur, particularly on the
gravel plains.
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D. WESTERN SAHARA
The western part of the Sahara is better known than the Great Sand Sea.

but it has been more difficult to obtain precise information about the flora of the
ergs, as distinct from the flat, stony desert (hamada, serir and reg) and the
wadts or dry watercourses; the wadis, especially., are tbe most favourable plant
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habitat. The erg* cover only a small percentage of the total desert area, they

are more accessible than the Libyan Erg and may contain sand-free passages a few

miles wide, through which it is easy to travel.

Most o[ the knowledge of the Algerian Sahara is due to the military and

scientific surveys of the Krench during the last 60-70 years, and the present in-

accessibility of much of the relevant French literature has been a great dis-

advantage in this study. Among the more important sources of information avail-

able were Gautier (28), Engler (25) and Maire (SO)
J
the scientific reports of

the Koureau-Lamy Expedition 1898-1900 were unfortunately among those not

seen (27)

,

The Algerian ergs arc not quite so large as the Great Sand Sea, nor sn

regular and unbroken; moreover, wells and pasturages may be present. The
Edeyen Erg in Fezzan is a humid erg and habitable, with permanent lakes which

are usually salt or brackish but in some cases fresh. The Great Oriental Erg and

the Great Occidental Erg- are drier, but the Occidental is furrowed by long lines

of verdure which seem to follow underground wadis. Other ergs without obvious

watercourses, like the Erg-er-Rawi and the Igtwli Erg, have plentiful under-

ground water and associated pasturage,

The most inhospitable of the great Algerian ergs is the Er.h-Shcsli Erg-.

where wells are very few. From Gautier's remarks, it seems likely thai there

have been rare "good seasons" when the natives could find some grazing m it for

their docks; he stated that it is "accessible at a pinch". This was before the

i-ecent successful journeys of Kagnold and others into the Great Sand Sea, when

that erg was still believed inaccessible*. Mound, in 1937 (31), casually mentions

that lie crossed the El Shesh Erg when on a camel irip and gives a photograph

of a mass of hare sand-dune summits, but no detailed accouut.

1 he area covered by the Oriental and the Occidental Ergs is„ in each case,

roughly 100 x 200 miles, and there are. of course, other relatively insignificant

occurrences of dunes and unconsolidated .sand in the We?t , but it is really difficult

tu obtain exact information about the vegetation of a given erg or dune-field.

Generally speaking, sands ate capable of better water relationships for plant roots

than the various types of stony desert, but there must he available the minimum
water requirement either as a pluvial or shallow subterranean supply.

Tt is enlightening to repeat the general impression of Gaulier who has known

the Sahara long and intimately. Tic says that the emphasis is on the absence trf

phinls, and a '"pasturage" is a rein lively luxuriant area where there arc UifU of

plants nt least fifty or sixty yard? apart. This makes grazing "an extremely

ambulatory exercise"; moreover, these pasturages arc isolated from one another

by a camel journey uf matiy hours and often many days, even distances of the

order nf 100 mile?. Local rain-storms eause the occasional appearance of short-

lived ephemeral vegetation in normally bare regions; even so, the plants arc very

sparse. Apparently the root system of each must be able to exploit a great deal

oi soil, without competition from its neighbours, in order to obtain sufficient

moisture.

This type of vegetation is "asIuuV* pasture and consists of a few different

species, chiefly Sai.'iynya lofigistyla (C'ruciferae). a rosette plant with purple-

flowering stems from 4 to 18 inches high. In the Australian ^mi-desert areas,

ami probably the deserts also:, ephemeral cruciferous plants nf similar habu are

very common after winter rains. Such plants were found in numbers and relished

by the camels on Madigan's 1939 Simpson Desert Expedition, on the eastern

margin of the desert where rain had fallen. We have not the long acquaintance

v, ith the Simpson Desert which is necessary to speak authoritatively about the

ephemeral vegetation appearing only after rains; it is probable that these desert
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rains are not so infrequent in Australia as they are in the Sahara, To return to

the discussion of the ephemeral species of the Sahara, commonly accompanying
Sazngnya Umgistyla and its allied species (sec list below), there is another
important crucifer, Morkaudia arvcnsls, together with Plantago ovaui and
Lmmea resodifolia.

Tamarisk "cones", like those of the Takla-Makan. Desert, hardly figure in

descriptions of the dunes of the Sahara, though Bagriold (2) does describe a
small group of high ones up to 50 feet called "tcrabii", Tamarxr ntannifcra, in

the flat sand-desert of southern Egypt But scverai shrubs, including tamarisks,
cause the accumulation of sand mounds in the western Sahara and still survive,
e.g,

3 Nitraria, Liwoniasirum and Aristida pungens.
A short list has been appended of the important species present among ihe

few plants of the Great Ergs; more cruciferous species might be included. In
the mass they occasionally produce quite a floral spectacle, and most nf them are
favourite fodder plants; indeed, almost any plant provides fodder for camels.
It is considered that the nomad tribes and their grazing camels have no small
destructive effect on the vegetation of the Sahara (Chevalier).

One very helpful source for this list was Engler (25), Maire (30) is

probably the best modern authority on the systematic botany of the Sahara and
gives a very good outline of past work on the subject, as well as a. flora of the
region; but it was disappointing not to see the third part of his study, which he
planned to contain an account of the vegetation from the geographical and ecologi-
cal points of view.

Important Plants or the Western Sahara
On Dunes

Aristida pitvgcnx Desf. "drinu" (Grammeae). Widespread here and in the
olher Old World deserts. A grass of moderate size with long, shallow
rhisomes, valued as a fodder and sand-binder. A. plumosa and other
species also occur. Fig. Veg.-hDder, 6 Reihe, Heft |ys Taf. 24 (29).

Comulaca monacantha Del. "had". (Cbenopodiaceae.) A spreading shrub,
favourite camel fodder.

Catligonum comosum L'Her. "arisen". (Pnlygonaceae.) A broom-like swilch-
shrub or small tree; important as camel fodder. Also C. osrel Maire. A
noteworthy genus of Old World desert planes. Fig. Ve^.-bilder, 20 Rcthe
Heft i, Taf. 3 c. (29).

Savignya patznflora Webb (includes S. aegyptinca and S. longistyla. Cruci-
ferae). Polymorphic, short-lived, ephemera) herbs following rain; often
the chief constituent of "ashab" pastures. Old World deserts; valued as
camel fodder. Fig. Veg.-bilder, 20 Rdhe, Heft i, Taf. 3c. (29).

Morirandia arvvnsis DC (Criiciferac). Another important "ashab" ephemeral
wiih the quafilies of Savignya.

Malcohnia aegyptiarn Spreng. (Crucifcrae). A widespread dune annual.
Carrie! fodder.

Launi'a resvdifolia O. Kuntze (Compositae). Perennial.
Pluntago ovata (Pktntaginaccac). A small herb of die "ashab".
Ephedra vlata Dec. and other species (Gneiaceac). Mostly leafless switch

bushes.

Ox Flatter Sandy Areas
Tamarix spp. Tamarisk (Taman'caceae). Small irees, especially aloug wadis.

Including T. aphylla Karst. "athel".

].ima ninsirum guyotliannm Coss. et Dur. (Plumbaginaceae'h A shrub, often
Inrge and half-buried. Only the flowers acceptable as fodder.

Retama rttetam Webb (Leguminosac). A leafless switch-shrub of the Old



u

World deserts. Onlv the flowers taken for fodder. Fig. Veg.-bildcr,

6 Keihe, IIcIl iv, Tai 23 (29).

Euphorbia guynniona Boiss, et ileut. (Euphorbiaeeac), A leafless switch

shrub. Fig. Veg.-bilder he- fit.

Matthiola Uvida DC (Cruei Ferae) . Small, herbaceous sand ephemeral.

Traganum mtdahim Del. (Chenopodinceae). Shrub.

Nit'raria relitsa Asch. (= Iff* iridentata Zygophyllaceae). Shrub.

The dunes of the Western Sahara, then, are predominantly bare. Th~ mobt

noteworthy of the. sparse vegetation are the rhixomatous, creeping grass Arisiida

pungens, various species of desert shrubs often broom-like in habit, and a selection

of ephemeral*? (chiefly Cruci ferae) of much importance after rain. These latter

attract the nomad tribes in certain seasons.

The Simpson Desert is more densely and variously vegetated than -the driest

of the Saharan ergs, and its dunes do not attain the size of the largest in the

Sahara. But in both cases the most widespread species is a grass, slrisiida for

the Sahara, and Triodia for the Simpson Desert. Further study of the ephemeral

flora of the Simpson Desert is needed.
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E. THE SIMPSON DESERT

This desert lies almost in the centre of the Australian continent, in the three

States of South Australia. Queensland and Northern Territory. It is a uniform

urea of continuous, parallel sandridges, running north-north-west and south-south-

east and forms part of what is known as the Arunta Desert. Two or three water-

courses cuter it, and there are scattered shallow claypan* occasionally filled by

rain, but no permanent water except Anacoora Bore on the western margin, and

some springs in the south (38). It has been explored and described recently m
considerable detail, both from the air and on the ground, by Madigan (37, 38, 39,

40) ; it is therefore unnecessary to do more than mention the most important

points here, but readers should consult these references and maps.
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Madigau (3S) reviewed journeys by himself and by earlier explorers around

the margins of die desert- including his aerial reconnaissance in 1929. He was
also the leader of the scientific expedition in 1939

T
which made the first ground

crossing of the centre of the desert, and travelled some 200 miles, from west to

east, by camel across the parallel dunes. The .scries of Scientific Reports of this

expedition may be found in the Trans. Roy. Soc. 5. Aust., where they were

published between 1944 and 1948. (See especially the "Catalogue ot Plan!*" (36

1

and "Soils and Vegetation" (35) . Reports No. 7 and 8). Col son (34) hi 1936.

had crossed the southern part of the desert by camel, practically along the 26th

parallel of latitude. No other crossing;? have been recorded, and the aboriginals,

though nomadic, only visit the desert margins.

The dune? vary in height from about 30 feet to 100 feet above the level of

the broad passages between them,, and .hey are spaced on the average al four
per mile but may be closer when small. They arc strictly parallel and apparently

unbroken for lengths tip to 200 miles; the eastern slope IjS steeper than the

western, and they consist of fine, red sand.

The upper slope* of the ridge are steep and usually bate and unconsolidated,

with a sharp crest of live sand, while the lower slopes and inter-dune passages

may be well vegetated with low, shrubby plants, chiefly spiny clumps of the gra?s

"spinifex" (Triodia BaseJozani E. PriczcL), so characteristic a genus of the Aus-

tralian sandy deserts. Occasionally larger shrubs are also present, particularly

several species of the genera Acacia, Casx*a and Crotnlaria (Leguminosac),

Grevillca and llakea (Pxotcaceac), and Evemophtta (Myoporaceae). The last

three genera are particularly Australian in their affinities, whilst Acacia is repre-

sented only by the peculiarly Australian phyllndmeous section of the genus; other

Aatcia species arc known as desert plants elsewhere. The shrubs Sida and
Hibiscus (Malvr.ctrae) should be added to the list, and also another shrubby
grass important at times on the dunes, wfe, "'Cane Grass", Zygochloa paradoxa
(R. Br.) S. T, Blake 1941 (better known as Spimfcx paradoxus (R. Br ) Benth.).

The habitat differences helween this species and Triodia have been explained by
Crocker (35); briefly, Zygochloa is found on the unstable sand of the dime
crests, which are not always bare, while Triodia h restricted to the lower slopes

and corridors between the dunes.

The small, shrubby Cheuopodiaceae, so common in the semi-deserts of Aus-
tralia and other parts of the world, occur to some extent, but the family Legu-

minosac is more important among the dunes of the Simpson Desert. Eucalypts

are rare and usually associated with the few watercourses which are defined, not

by water, but by a hue of verdure; only two species of Eucalyptus were found.

These were, firstly, small trees of E. coolabah Blakely and Jacobs (formerly

included with E. imcrothcca F. Muetl.), "Desert Box", and secondly

E. pyrophara, Benth., "Bloodwood", up to 12 m. high-

Some other small plants occurred in the desert, and they are listed in the

present writer's Botanical Report (36) as "Plants found in the desert proper"

It is believed that there must sometimes be present an qihemeral flora similar to

that seen on the River Diamantina to the east after good rains, but it was not

conspicuous in the winter of 1939 when Madigan's crossing was made, though

he does record great mats ot the succulent camel fodder "Munycroo" (various

Rortulacaceae—in this case Porlttlaca intraterranea J. M. Black) at camp li

around claypans of water near the middle of the desert. A few small ephemeral

types of Cructferae, GoouVmaceae and Ojmpositae .were found which might be

more abundant in occasional good seasons. Compared with some, but not all, other

important deserts of the world, the Simpson Desert is well covered with vegcia-

iiou, though Madigan (39) found both came! fopd and firewood vary scarce in
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the centre of the desert Between the dunes and on their lower slopes, the small

shrubs (chiefly Triodia) are of the order of a few yards apart; many may be

dead, but they do persist, holding the sand and forming a seed bed. Triodia is a

perennial rhizomatous grass, often with a peripheral habit of growth, the centre

of the hush dying and disintegrating, leaving a hollow ring. Many Triodia

species, like, T. BascdoiKM, have pungent, hard, needle-like leaves of littie use for

grazing.

Few precise records of the climate of the Simpson Desert are to be had.

However, together with the Lake Eyre region to the south, it forms the driest

part of the Australian continent, receiving less than 5" average annual rainfall;

seven South Australian stations are below this figure. Evaporation is high, and

the Meyer Ratio P/s.d. relating it to rainfall (refer to section on Thar Desert),

does not exceed 2 for any month of the year (Prescott (41) ). Other sources of

information on the climate are the Commonwealth Climatological Atlas of Aus-
tralia (42) and the reports of the 1939 Expedition, especially Madigan's geological

report (40), and the meteorological log of his journey (39) from May to August.

Crocker (35) gives data on the great variability of the rainfall, which has no
particular seasonal periodicity.

Madigan's observations in the winter of 1939 may be summarised as fol-

lows :

—"Weather brilliant three-quarters of the time, with warm days to frosty

nights. Temperature range 23°-7S° F,, Min, temp, at grass 23° F., Mean min. at

grass SS'SF. Average max. temp. 70° F. Rain, six rainy periods in ten weeks,

mostly very light In 5 days, 14" fell in the desert; and in 6 days, 2" fell at the

Mulligan—this was exceptionally wet. Wind did not exceed 20 miles per hour

in the desert."

From Commonwealth sources—summer temperatures up to 110° F. or over,

with nights at 60°-70c F. Rainfall—never as low as zero, but varies from less

than 2" up to i2"; and droughts of less than 2" may last for three or four years.

At Charlotte Waters, on the western margin, the total annual amounts in inches

from 1895-1915 were as follows:—

10-40, 2-84, V16 5-23, 274, 3-79, 322. 2-40, 9*67. 3-78, 3*94

211, 5-43, ]2-3l"*, 2-75, 6-81, 4-58, 2-73, 4-37, 906, T43.

Thfe lowest recorded is 0*43 at Kanawava on the Cooper in 1896.

Some further data supplied by Madigan are quoted below.

SlMPSOX DESF.RT ClTMATE FROM CLtMATOLOmcAL
A'lXAS OF AUSTKAT.IA (W. S. Wait).

Tcropci-atute Jan. Feh. Mar. Ap. May Jun. July. Aug. Sept. Oct. Nov. Dec.

Mean, daily max. 100 100 95 86 76 70 70 7B 82 90 96 99

Mean max. for year 86° F.

58 50 45 43 46 52 60 67 71

Mean min. for year 59" F.

72 03 57 56 60 68 75 81 86

Mean annua] temp. 73° F,

35? 45 28

«m
Mean rel. hum. at 9 a.m. for year 38? (<49)

25 30 <20
Mean rel. hum. at 3 p m. for year £2.

<i <i * <l <l <* <J <* |

Mean annual rainfall <S"

Mean daily min. 73 7:y 67

Mean daily - - 86 86 Si

Relative Humidity:

9 a.m. 31

3 p.m. <20

Rainfall (inches) 5*(
d.

i
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The Simpson Desert lies over the Great Artesian Basin, whose waters reach
the surface at natural mound springs and bores outside the desert margins

;
per-

manent surface water is absent. It has been briefly compared with other important
deserts in turn, at the end of each section of this study and, after careful considera-

tion, of the vegetation particularly, has been placed fifth out of eight in order of

aridity. The Libyan Desert and the Takla Makan are without doubt much more
barren of plant covering. The sands of the Rub' al Khali are probably more bare
than those of the Simpson Desert, and it is also believed that rainless periods of
one or more years occur there. In the Western Sahara some of the ergs may
support less vegetation than the Rub1

al Khali, while some others are more humid
than the Simpson Desert. The Kara Kum often exhibits complete vegetative
cover of the dunes with groves of small trees, perhaps comparable to the Aus-
tralian "malice" formation; temporary grazing takes place there, and the rainfall

is about the same as in the Simpson Desert, but we believe that more vegetation
and better soil-water relationships exist in the Kara Kum. It has been shown in

Section H that the Simpson Desert is more arid than the Thar in India, where
the ratio of rainfall to evaporation is higher, with sparse settlement and grazing
flocks*

Some uncertainty is felt about the comparison of the Mexican Chihuahua
Desert with others; the average annual rainfall does not exceed 8" and vegetation
is very scarce (the last could not be said of the Simpson Desert), but whatever
the technical aridity of this desert, conditions are ameliorated by its smaller size.

It has been rated less arid than the Simpson Desert.
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R THE KARA KUM DESERT
The. Kara Kum Desert comprises most of the province of Turkmenistan in

western Turkestan, to the cast of rhe Caspian Sea. The Amu Darya (or Oxus.
River) flows down from the Pamirs, in a north-westerly direction into the Aral
Sea, crossing the desert; the portion un the south-west of it is the Kara Kum
and that on the north-east is the Kisil Kum, The sand desert is here the most
extensive formation.

Detailed accounts arc available for the south-eastern Kara Kum, emanating
largely from the Russian Sand Reseat ch Station at Repeiek established in 1912";
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Lhis south-eastern portion represents about one-sixth of the total area of the

Trauscaspiau Kara Kum. Ir is a varied terrain and probably a fair sample of

the whole Aral-Caspian desert region of Asia Media,

The Central Asiatic Railway runs from Krasnovodsk on the Caspian, skirts

the -south of the desert and eventually turns north-east across it beyond Ashabad-

thence by way of the oasis of Merv. Repetek, Bokhara, Samarkand and Tashkent.

crossing the Oxus about 50 miles beyond Repetek. The area now to be described

is diamond-shaped, with Merv on the western corner and the Oxus forming the

north-eastern side: Repetek (lat. 38° 5'N,, Jong. 63 3
E.) is near the north point

of the diamond, which is bounded by railways on the west, extending north-east

and south-east from Merv; Afghanistan abuts the south-east side, and the diamond

is about 200 miles across.

These deserts of Western Turkestan are also known as the deserts of Turan
and provide an interesting comparison with the desert of the Tarim Basin just

over llie. Pamirs in Eastern Turkestan. The emergent feature is the greater rich-

ness pi vegetation in the Russian deserts of the west; this was touched upon

above in the discussion of the Takla Makan Desert, where the mountain barriets

almost surrounding the latter are mentioned as effective means of isolation from
plant immigrants (47). However, the psainmophyte flora of Turau contains a

striking number of endemic species, and even genera; Popov (47) puts this down
to

l4an extensive process of species formation in post-Miocene times/
1 which did

UOI Occur mi the Tarim Basin or in the Sahara. He mentions especially the

absence from the Takla Makan of a hardy psammophyre pioneer grass like

stristida pennata var. Kardlni, which is endemic in the Caspian-Aral deserts

(the Saharan equivalent is /)ri^fid\t pungens)*

The reasons for tins extensive process of species formation need not be

discussed here, except insofar as they may be connected with the environment

at present provided for plant life. The plants of the Kara Kum sand deserts

show fairly rapid colonization ot moving sand and succession of different types

of vegetation, eventually stabilising the dunes. The question is whether the.se

plants arc exceptionally well fitted for an arid sandy environment, or whether

mere is nlso some ameliorating influence in the environment itself. The work of

Orlov (.4-5) at Repetek, though not denying the first alternative, lends support to

tin: second; his studies in the moisture changes of the sand confirm the presence

of :t special sub-superficial horizon, roughly 1 m. down, of increased moisture

content and with drier sand above and below it. The annual rainfall is less than

4'\ and he attempts to explain the* phenomenon by the faculty of those particular

sands to absorb condensed water vapour from the air. upon and in the surface

layers, at night.

Human occupation in the eastern Kara Kum is restricted to I he oases and

narrow river valleys. Shepherds and their flocks sometimes- make temporary

excursion? iuto ihe desert, obtaining water from wells which easily tidt in riccar.se

of the sandy soil. Repetek is purely a railroad settlement and receives hi house-

hold water by rail. It is in the midst of unstnhilize.d harchan sands with scanty

vegetation. The Russian interest in this area is not purely scientific; parts of

it have economic possibilities for sheep and cattle-raising, with problems of

exploitation of the natural fodder very familiar to Australians; there is also the

question of the control of the moving barchan sands by vegetation near the settled

areas; the saxaul forests, too, must be preserved for fuel* and finally there are

ambitious projects for irrigation close to the. sands.

Kxtentive exploratory journeys in the south-eastern Kara Kum were made

by JJoubiausky (4$)- We are much indebted lo him for his acconnL which is

very fnll and most helpful botanical)y.
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These deserts are mainly within LOGO feet of sca-Icvol, and the extreme and

protracted winter cold of the Takla Makan at 3,000 feet is not to be expected.

The Turan deserts arc very hot in summer, possibly not quite so hot as the Takla

Makan; some figures may be given, hut should be accepted with caution as repre-

senting mainly short-term records; compare these also with those already given

Tor the Takla Makan. No evaporation or atmospheric humidity data seem to be

available, hut the air is Mated to be very dry, and the great diurnal range of

Lemperautre common to deserts is normally about 20° C. O'.c, 36 u
F.), according

to Doubiansky, with higher maxima; this figure is about the value given for the

Takla Makan and Sahara,

The daily minimum temperatures in winter tall as low as — 20 ' C. ( — 4 rj

F.)

at 4 a.m., hut they are not sustained as in the Takla Makan, and any snow which

falls usually thaws during the day, or rarely lasts a week or two (Seifriz (48) }.

Doubiansky states that the average winter air temperature is never below freez-

ing point at Repcick (Seifriz states that the average for January alone is

- 7 m 7u
C. (=18 a

l\), which is probably not a contradiction of Uoubiansky's

statement), and the average for summer is > 30° C. (86° h\).

The annual rainfall has two maxima, one in spring and a lesser one hi

autumn; there are no rains in summer for at least four months, sometimes dght>

Much of the Ttiran sand-dune desert has an annual rainfall of less than 4",

Some figures are set out in the Appendix (Table I ) giving rainfall and tempera-

ture values.

The Sanps and ink Vegetation

According Jo Doubiansky (43), the portion of the south-eastern Kara Kum
mapped by him represents about one-sixth of the total trans -Caspian Kara Kum
;m<l is made up as follows.

—

(1) One sixth consists of a barchnti range of bare sand bordering* the River
Oxus in a band 10-50 km. wide (6-31 miles), covering an area of About

9,000 sq. km. (=3,420 sq. miles). Repetek seems to be in this region.

(2) One-sixth consists of samly hills carrying a growth of shrubby psamnio-
phytes and saxaul forests.

(3) One-cjuarter consists of sandy ridges richly covered with vegetation.

The rest of the area comprises sanJy-clayey plains and foothills and does

nut concern us here; the regions just set out will now be described in more detail.

(T'l The barchan range is made up of parallel "barchan rows" running

roughly north-east and south-west, generally at an angle to the river. The sand

is probably derived mainly from river valley alluvium and forms at once into

these barchan rows, hardly passing at all through the stage of the component
single crescenttc barchans. The barchan rows are not very high, say 3-10 metres

or even 18 metres (60 feet), they have vertically sinuous crests and are up to

several hundred metres long, with a basal width of 100 metres or less and a valley

of the same width between.

Work during four years at Repetek has shown that the crests ot the barchan

rows have a seasonal movement transverse to their length ; in summer they move
south-east 15-20 metres and in winter ba:k again under the influence of the pre-

vailing winds (which are not uecessnrily aL right angles to the barchan row);

the ner change of position, if any, is very small; ihe side on which the steep or

slip-slope occurs is thus regularly reversed. Plants establish themselves on the

more stable lower slopes and hollows between ihe rows, where a sparse growth
of the hardy endemic pioneer grass Arislida pemnUa Trin. var. Karelim Trim et
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Rupr. "scline
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is almost the sole species found; it is a- coarse grass forming

shrubs three feet high, at some fodder value, and able to survive much burying

and uncovering by ihe sand. Doubiansky estimates that it covers at least 10% of

the barchan sand area. This is /he psammophyte that Popov (47) expected in

vain to see, above all others, in the Takla Makan. (C.f. Triodm Basedowit, Simp*-

son Desert.)

In the hollows between the barchans occur the annual sand halophytcs;

—

Agriophylhon laUfolium K. et M. (Chcnopodiaceae) ; Corispermwm hyssopi-

folium L. (Chcnopodiaceae) ; Horamnowia uturmi K et M- (Chenopodiaceae), a

small spiny shrub; and Sntimovaj turktslana Bge. ( Leguminosae), a shrub occa-

sionally seen here.

(2) Under suitable conditions, the barchans are stabilised into sandhills by

pioneer shrubs, many of rheut switch bushes. First in importance is the

Aristida sp. mentioned, then CaWgonum spp. (C. Caput Medusae, Schrenk,

C. urbovescens Litw.,, C. datum Litw.). These are all leafless Poiygonaceae,

some of them endemic. Further species are also important:

—

Ammodcndrcn
Cntioltyi Rge- ( Leguminos&e), a shrub or iree; the whole genus consists of

psammophytes endemic to Turkestan; Ac&cia sp. (Lcgnminnsae), arborescent;

Eremosporton fiaccidum Litw. (Legumuiosae), a leafless tree or shrub, the whole

gentis is endemic to the sands of Turkestan.

(f is not to be supposed that th^se first-line pioneers Suffer i^o casualties,

for the colonisation of these wind-swept sands is often full of setbacks. Less

resistant plants following on these are;

—

Calligor.um criopoduvn Bge. (Poiygonaceae), arborescent; Astragalus ammoden-
dron ( I^egummosae ) , semi-shrub

j
Aristida pennata. Trin. var. minor Litw.

(Gramincae) ; Salsola RU'hfcri Tsar. (Chenopudiaceae), arborescent ; Carcx
physodps M. B. (Cyperaceae), a low endemic sand-sedge forming a thin cover

between the bushes, it is the most widespread plant in the sands of Turkmenistan

and important for forage; as tt covers the sand, the earliest pioneers- disappear

entirely; this plant does not survive in drifting sand.

The third stage follows in which, among other species, Caltiganum Sctos-um

Litw. (Poiygonaceae) is the most widespread shrub, and Artkrophytum arbor-

f>scrns Litw. the Sand Saxaul (Chennpodiaceac), forming tall, leafless dumps, is

the most important.

Under the Influence of humus From this cover of vegetation, the sand becomes

consolidated and saline in th^ surface layers and the climax forest community
of these sands is able to develop. This is Arlhrophylnm Halt/xylon Litw.

(Hah.xylon Ammodetidron Chenopodiaceac) or Saline Soil Saxaul. It develops

first in the hollows between the sand ridges as an almost pxirc community of

open structure.

The Saline Soil Saxaul is a small tree 12'-20' high, greatly valued in Turkes-

tan as a source of fuel. It grows nowhere else in the world and is really a very

remarkable forest formation, capable of developing in pure sandy or salty deserts

with an annual rainfall of only 4 inches or even less. The forest occupies small

and scattered areas and has, of course, been over-exploited in parts, especially

along the Middle Asiatic Railroad. Regeneration from seed is not very easy;

a denuded Saxaul forest probably reverts to hare barchan sands. Ephedra spp.

(Cnetaceae) are small shrubs characteristic of the pioneer stage, but not abundant.

Studies by Petrov (quoted by Setfriz (48) ) of the root systems uf Kara

Kum psammophytes, establish the fact that the hardiest of the pioneers oT moving

sands. Aristida, Ercmosparton and Ammodcndron, exploit only the "sub-super-

ficial" moisture horizon with an extensive horizontal spread of roots ui the layer

of sand 40-150 cm. below the surface; there is drier sand both above and below
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this. The plants following these in the succession soon develop roots which also

tap the ground-water, found at a fairly constant depth of 3-4 metres, in the

barchan valleys ; this is unusually shallow for a desert and probably goes far to

explain the relative fertility of the Kara Kum sands. Besides the important

plants named, there is quite a rich ephemeral spring vegetation (Seifriz (48) ).

(3) "Hie most widespread formation in the South-eastern Kara Kum is that

of the sandy ridges covered with vegetation. They arc up to 50m, high (170')

and 3-5 km. long (2-3 miles), and run chiefly north and south or north-north-east

and south-south-west; the eastern slope is the steeper and there are broad-

bottomed valleys between. Secondary bare areas arc to be found on 1he tops

of these ridges, here and there.

It seems unlikely that these ridge? are barchan rows of the type just described,

merely stabilised by vegetation; they are on a much larger scale and probably

have a different history.

Only on the occasional bare areas are found a few of the more hardy

psarnmophytcs mentioned earlier. The steeper slopes have the shrubs Calligonmn

and Astragalus with an herbaceous cover of Curex physodes. On the lower

slopes and valley bottoms these die out at the invasion of a cover of annual grasses

which may yield a large amount of forage in the occasional good seasons, aad at

other limes leave ihe ground bare. It seems better., however, to have the more
reliable growth of ^attd-sedge (Carex physodes), even though it is a poorer

fodder, with some of the psammophyte shrubs to yield firewood. This can be

ensured by checking the natural plant succession by controlled sheep pasturing,

It will be remembered that trees or stunted trees of the genera Tamarh' and

Poptihis comprise the bulk of the extremely sparse vegetation of the Takla Makan
Desert; so far these have not been mentioned as important in the Kara Kum.
However, the same species do occur naturally along the Oxus and elsewhere,

and they are also used for planting to control the moving barchan sands beside

Lhe settled valley of the Oxus. Paulsen (46) mentions tamarisks on knolls in the

"Hummock Desert".

Our final impression of the south-eastern Kara Kum is that it is one of the

more fertile deserts with a richly developed endemic flora (22% of the species,

according to Paulsen) of well-adapted psammophytes, and this is linked with

very favourable soil-water relationships established in spite of low rainfall. We
consider it better vegetated and more fertile than the. Simpson Desert.
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C. THE CHIHUAHUA DESERT
The western and south-western part of North America contains the most

important of the deserts of that continent. vh, f the Great Basin Desert, the

Mohave Desert, the Sonora Desert and the Chihuahua Desert. The last, which

lies chiefly \%\ *he central plateau of Mexico and the State of New Mexico, will

be our chief concern, because it has a sandy region about 100 miles square (53),

some 3Q miles south of El Paso on the border. This includes an area of parallel

dunes locally called Eos Medanos, which run north-west and south-east for about

20 miEs, They are white or yellow in colour and nearly bare of vegetation.

There is n road through them, which often becomes entirely obliterated by blown

sand, and also a railroad traversing dunes about 40 feet high.

The sand aud dimes surround some large lake beds belonging to an internal

drainage system in northern-most Chihuahua, and from these they are probably

derived; the duties are active and largely uusiabihV.ed. They are from 50 to 300

feel high (53), and. as with most such inhospitable places, are not very well known
fo botanists.

Shn-ve (53) reports that lire vegetation is mainly Jinihby* sparse and

irregular, giving as the characteristic plants the iollowing:

—

Paliourintha incana (Labiatac), a woody bush;

Yucca data (— Y, radiosa, Eiliaceae), a plant with a large sand-binding roof-

sy.-U'in and a stem which lengthens on silting' up;
Prosopis chilensis (

— P. julijlora, Legnminosac ) ; Mesquitc or Algaroba Bean.

A widespread shrub or tre£ in southern E'.S.A.

Artemisia filifolia (Compositae); Sand sage brush, a small shrub;

Bnti'u scofaria ( Leguminosae) ; and
Ifymenoelm nwnogyra (Compositae), shrub.

To these, MacDougal (52) adds—a shrubby Senccia (Compositae), Chryso-
tlttitivius (Compositae); two frequently occurring- perennial grasses Sporobohts
crypfiWtlrus and an Andropvgon ; and the remnants of anuual plants. He stresses

the dominance of Poljomintha.

He states, also, that the valley bottom near Samalayuca r an oasis on the rail-

way in the dunes 30 miles south of El Paso, has vegetation typical of the mesquitc

plains, vt#v Prosopis jult'flora Mesquite Tree (Eegunvinosae) ; Zipyphus (Rhamna-
ceae) ; Kovbcrlima spinosa (Capparidaceae) ; Ahiplcx a'tnesccus (Chenopodia-

ceae) and an annual Crofon (Euphorbiaceac). The valley bottom referred to i:
1

probably nut an inter-dune hollow. Chemical analyses of the dune-sand an'

also given,

It is not easy to find meteorological records for this precise area ; annual

rainfall figures for the various stations in the neighbouring desert range from

just under 3" to about 16" per annum, and the annual evaporation values quoied

by MacDougal (52) arc many times greater. El Paso (alt. 3,760'), on the Kio

Grande, is the nearest available station and has a rainfall ol 9*5" with the maxv
mum in July; July is also the hottest month with a mean temperature of 80*5° ¥.,.

January is the coldest month with a mean of 44c
' K. ; the means of several yearly

extremes are 104° E. and 12' E: the daily range ot temperature is quite high

and has a value between 30*5 and 38*5° E. for the whole )-car, as is usual in

desert-.

Shreve (54) lias published a map showing the mean annual rainfall of

Northern Mexico, in which the dune area under consideration falls into the zone

receiving- 0-200 mm. (0-8"). Judging from his tables showing the length of rain-

Jess periods experienced at the recording stations, some of which are in neigh-
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bouring deserts, it must be quite unlikely that so much as a year passes without
rain; this is in strong contrast to the Sahara and Libyan Deserts.

It is difficult to assess the degree of arklily of this desert in comparison with
others, since its much smaller size lessens its importance. The sandridge portions

of it may be less vegetated than most of the Kara Kmn nr the Simpson Desert,

but it seems more correct to rate it less arid than these in the present state of
our knowledge. Jn comparison with the Thar Desert in India, the Chihuahua,
we believe, is more barren of plants, though the Thar is larger and more important.

The criterion of human habitation as a measure of aridity may break down where
relatively small areas like the Chihuahua are concerned, because their lack of
development is not such a serious economic loss to the country as the neglect of
larger areas would be.
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H. THE THAR DESKRT
This region is described by Elauford (58) as that part of the great Indian

Desert which has dense areas of parallel sand-ridges, Tht gxfesfl Indian Desert
itself, he states, is by far the most important accumulation of hlown sand in

India; it is situated in Bind and Rajpuiana and extends roughly from Karachi
and the Rann of Culch, north-eaiit almost as far as Delhi, and is bounded on the
north-west by the alluvium of the River Indus and its tributaries, and on the
touth-eust by the Aravalli Hills.

The sandridges of the Thar form two important groups converging on the
Rann of Cutch, one group extending due north from the Rann and having the

Indus mi its west and north, the other running north-east from the Rann with, the

River Luni oti its south-east side. The latter area of sandridges consists of
smaller and more irregular dururs. The dimes near the Rann are highest of all

and are quoted by P.lanford as having an elevation of 400-5(30' ; the areas covered
by dunes are of the order of 50 miles wide. The other parts of the Indian Desert
have more isolated and irregular sandhills. As these long, parallel dunes of the
Thar Desert are considered by Madigan (37) to be closely comparable to those
of the Simpson Desert, though ot lesser extent, it seems worth while io examine
their vegetation.

The fullest account available was that of Blatter and Ilallberg (55), who
made a journey in the eastern Thar in October-November 1917, through the
lesser of the two main saudridge areas. Tlieir route formed a square, each side

measuring about 100 miles. At the corners of this square were Jodhpur, Bap
(just north of Phalodi), Jaisalmer and Banner. There is a railway between
Banner, Jodhpur and Phalodi. The other part of the journey was made on
camels.
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A vegetation map of India has been prepared by Schokalsky (59) in 1932, in

connection with her work on the soils of that country and her soil map. Accord-

ing tn this, the route of Blatter and Hallberg lay mostly in the types designated

by her as (1) "Arid sandy doserl and barren land," and (2) ''sandy desert zvith

thorn" ; about one-quarter of the route lay in type (3) "steppe desert ivith thorn".

The "thorn'* formation is not described in detail. We may assume, then, lhat

Blatter and Hallberg really travelled through some of the most arid sandy country

in the Thar Desert and that the vegetation they describe is relevant to the

present study.

Vaughan Cornish (56) states that the region is well surveyed and that all the

plans show these parallel sandridges. Madigan (37) reproduces a similar survey

map with parallel ridges for country adjacent to the Simpson Desert. It seems

unlikely that country as arid and uninhabited as the Simpson Desert would come
within routine land survey work, and it is inferred that the Thar is a less in-

hns|rirable region than the Simpson Desert. Meteorological data for comparison

are scanty, but it is clear that though the Thar Desert is without streams and has

a most erratic rainfall, it still supports sparse settlement with scattered villages

aaid numerous flocks and herds of camels, goats, cattle and sheep; there are also

shrubs and bushes and occasional small trees subject to grazing. The vegetation,

ihercforCj is probably more comparable with the Australian semi-desert areas

which also have parallel sand-dunes in a milder way-
Blatter and Hallberg discuss the climatic data available in the area visited by

them. They quote a year with no ruin at all recorded for certain stations, and

anoLhex occasion on which 10" fell in one day at Jodhpur; 1917 (the year of

their visit) was unusually wet with totals ranging from 20-40" in different

localities, as compared with average values, calculated over 40 years, of 7-13".

The mean number of rainy days is from 13-18 per annum; V)l7
t
of course, was

much higher. The wet season is during the summer monsoon from June to Sep-

tember inclusive.; the cold season is from November to March and characterised

by extreme temperature variations, often falling below freezing point at night.

The relative humidity is always low, and very hot and violent winds with sand-

storms arc frequent in April, May and June.

In Australia, the Simpson Desert is in an area of the continent within the

5" annual isohyet (42) and with a high variability. Prescott (41),, in his analysis

of the climates of the Australian deserts, uses the Meyer ratio—P/s.d.— , cal-

culated month by month, tn define areas of successive aridity; the area having

lowest values coincides with the Simpson Desert region where it is between 1 and 2

for the months of greatest value, never higher; in the major part of the surround-

ing truly desert region this monthly value rises to a maximum of 4 or 5,

The monthly values for P/s.d.. calculated for Pachbhadra frnrn data given

by Blatter and Hallberg in connection whh their journey in the Thar Desert, ate

as follows:

—

Jan. - - 0-84 May 0S8 Sept. - - 4-48

Feb. - - 0-35 Tune - - 1*71 Oct, - - 0*08

March - 0-17 July - - 8-0$ Nov. - - 0-12

April - 0-09 Aug. - - 1Q>03 Dec. - - 0-2!>

Note the high values for July and August.

Hosking (57) has prepared a map showing the values for the Meyer ratio

(calculated from mean annual precipitation and mean annual saturation deficit)

over the whole of Indb. The lowest values occurred over the Indian Desert and

here he analysed a small area in more detail, c -> using the monthly instead of

<*) This more detailed map b unpublished, and quoted by kind permission o£ the

author.



annual values for the Meyer ratio, as we have done, and drawing the isologs oi

the maximum monthly value occurring in the year, as Prescott has done for Aus-
tralia. Hosking found that there was not a close correlation between the lowest

values of the Meyer ratio and the distribution of the sand-dunes of the Thar
Desert. There was an area below 2, more than 100 miles across, on the right

bank of the Indus around Sukkor, whereas the Thar Desert lies on the left bank
of this river. The values for the desert itself are from 3 to 6 + (Ilosking) and

as high as 10 (our own data, table above). A» far as this criterion of desert

climate goes, not more than the north-western half of the Thar is comparable

with the desert regions covering most of the centre of Australia, and none of it

is quite so arid as the Simpson Desert, unless the steppe west of Sukkor be

included in its borders.

In view of this, comparison of the vegetation of the two sandridge areas

loses some of its interest. However, a short description of the plants recorded

by Blatter and Hallberg will be given here, and it becomes significant to note tha(

their visit took place in October-November just after the usual period of heavy

rains, and in a phenomenally wet season. They may therefore have seen the

vegetation in a better state than usual (as did Madigan on the Diamantiua).

though no ephenierals were found and few annuals. With this in mind, an
attempt will be made to extract from the.ir results what plants actually grow on
the sandhills of the Thar Desert. It appears that whenever the dunes are suffi-

ciently stabilized, they can support quite a dense cover of vegetation. Most of

the plants are deep-rooted shrubby perennials and are listed below.

After this examination, one is drawn to the conclusion that the environment
of the south-eastern Thar Desert, at least, is by no means as arid as that of the

Simpson Desert.

Plants Growing on- the Dunes of tiik Thar Deskkt
(ref. 55)

x z± widespread and important plants

x Catotropis pro cera R. Br. (Asclepiadaceac)—One nf the earliest mid mo^t
hardy colonisers of bare dune slopes; a quick-growing coarse shrub of catholic

taste, Dunes may have a pure society of this plant.

X indigofn-a argentea Bunri. (Legmninosac)—Another typical dune pioneer

often forming a pure society; it h?s a low crown of horizontal branches near
the sand surface.

x CroUilatia burhia Hamilt. (I^egnniinosae)—The most abundant plant of the

region, following close after the above two pioneers and replacing them

;

shrubby.

x Lcptadenia spartium Wight (Asclepiadaceac)—A common dune shrub, usually

a secondary arrival and rarely dominant.

x Aetna psendO'lonientosa Blatt. and Kallb., und A. tomentosa Forsk. ( Amaran-
taccac). These gvey-wliite shrubs grow with Crotalaria at the edge of dunes
and on sandy flats, which probably recall the Australian hluehush and saltbusTi

plains in appearance,

x Calligonum polygonoides L. ( Polygonaceac)—A large bush up to 5-6' diameter,

occurring chiefly on sand, but adaptable, showing a preference for dune crests

which it may monopolise; roots often exposed.

x Cyperus arenarius Retz. (Cyperaceae)—Establishes itself in thick patches on
the lee slope of dunes; this and oiher Cyperaceae are the most effective sand

stabilisers in the. region, on account of their creeping rhizomes.

x Pmucum turgidum Forsk* (Gramineae)—An early coloniser with the shrubs.
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Citrttilus colocynthis Schrad, (Cucurbitneeac)—An early coloniser,

Farsetia jacquemontii Hook. f. et Th. (Cruci ferae)—An early coloniser.

Penmsehtm ccnchroidcs Rich. (Gramincae)—A common sand and dune grass.

Eleusine sp. (Gramineae)—An early coloniser,

Capparis decidua Fax (Capparidaceae)—Occurs on flat sand with Acrim; a

shrub or tree.

Among the commonest sand grasses were Eragrotlis iremulo Hochst., E, ciliai'ls,

link, and other species; Ccnchrits catharticus Del. and Pennisctum prieurii

Kuuth.
Brcvvvi'ia latifolia Berith, (Convolvulaceae )—A typical sand shrub.

Small Convolvulus spp. and Polyfjah spp. occur between the bushes.

The following may he mentioned among oilier plants occurring;

—

Eycium harharum L (Solanaceae)—A shrub at times common on dunes.

Bocrhcwia diffusa L. (Nyetaginaceac)—A small trailing plant also throughout

Australia.

Arisikia,, two species (Gramineae).

Haloxylon saltcornicum Bunge (Chenopodiaceae)—Abundant locally, hut pre-

fers gravel ; grows in sand-holding clumps.

Cassia nbovatu- Collad. (Leguminosae)—Locally abundant on dunes.

Zhyphns rotundifolia Lam. (Rhamnaceac)—A prickly shrub or tree.

Cistanckc tuhulosa Wight (Orobanchaceae)—A root-parasite growing on

various shrubs-

Tamarix artkidata Vahl. (Tatnaricaceae)—Collected, but apparently not

common. (Synonym* T. aphylht, L., T. oricnttdk, Forsk., 7\ artictilata Vahl).
This is the evergreen Athel Tree now widely used for dry, sandy areas in

South Australia.
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SUMMARY
In order to assess the comparative aridity of the Simpson Desert in relation

to other important sand-ridge deserts of the world, a study has been made of the

vegetation of seven of them. It is considered that vegetation is the best climatic

index available for regions where quantitative meteorological data are generally

so few. The results of this study are briefly summarised in the appended
Tables I, II, III, and IV, in winch the deserts in question have been placed in order

of aridity. Some doubt is still felt about the correct position of the Mexican
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Chihuahua Desert in this list; it may be more arid than the Thar, but it is cer-

tainly less important on account of its much smaller size. Approximate geo-

graphical position., altitude, and size of the deserts are given in Tabic II. The
degree of plant cover, the dominants and the state of habitation are summarised
in Table III. Table IV lists noteworthy genera in each desert.

It is clear that the first four deserts in this list Form a very arid and barren

group, and that the last four, including the Simpson Desert, arc much better

covered; some of them, like the Thar, have much of the character of a steppe.

A comparative study of the availability of underground water would go far to

explain this; it is also certain that some of these deserts enjoy a far more regular

rainfall than others in which dry periods of a few years are the rule. The
stretches of absolutely bare dunes in the Great Libyan Erg and the Takla Makan
seem to be unique, even among the deserts of the Old World.

The plants actually present arc mainly perennial shrubs and psammophytes.
occasionally reinforced by ephemeral*;, the Tamarix and Populus of the Takla
Makan are tree types of stunted growth, while the Kara Kum achieves regular

forests of the small saxaul Irees. Each of the regions shows considerable indi-

viduality in its flora, particularly the Mexican and Australian areas, as one might
expect; there is a much closer degree of similarity between the more contiguous
deserts of the Old World. Attention must be drawn to the importance ot* a

shrubby gra*s in three ot the deserts—Triodia in the Simpson Desert, and two
species of Aristida, respectively, in the Western Sahara and Kara Kum.
For a detailed account of the vegetation of the Simpson Desert, the paper in
this series by R. L. Crocker (35) should be consulted, as well as the list of species

collected on Madigaivs expedition as reported upon by the writer (36).

As. far as this study is concerned, special habitats like wadis and water-
courses have not been considered. As they have a denser and often distinctive

vegetation, attention has been focused on the dune areas.

Where possible, meteorological data have been included, but they have proved
quite inadequate for comparative purposes, except in the case of the Thar Desert

It is interesting to note that before 1925 the Libyan Erg, the Rub* al Khali
and the Simpson Desert were practically unexplored. Our knowledge of the
Takla Makan and much of the Western Sahara goes back only to about 1860,
though the primitive method of camel travel was used in all the recent surface
explorations, except in the I /ibyun Ecg where Bagnold and Clayton used
motor cars.

In conclusion, it may be inferred that the Simpson Desert, the worst of the

Australian saudrid^e deserts, compares in size with the most important dune areas
of the earth and. though arid, is exceeded in this respect by the Libyan Erg,
Takla Makan, "Rub* al Khali and. Western Sahara, but not by the Kara Kum,
Chihuahua and Thar deserts.
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Table III — Appendix

SUMMARY OF DESERT VEGETATION

Great Lthyan Erg or Sand Ska:
Parallel sand-ridges eomplete'v bare. Rare bushes of Ephedra to be seen. There are

judications that very localized ephemeral patches of Arisiida may spring up after raim,

which falls »i;ssibly once in eight years. Entirely tuunban:ted.

Takla Makan:
Parole! sand-ridges completely bare. Pcriipheral regiom of tfre desert have solitary

Tamarlr, holding mounds or "cones" of sand, and almost as hardy is Populus, the 'loefrak''

or desert poplar. These occur as miserable shrubs or a mass of dead twigs
;
near the

rivers they form dense groves. -Rare patches, of a small reed (Lasiogros(is) occur u;

the dunes. Ephemerals absent. Entirely uninhabited.

Run'' al KnMj ok Empty Quarter:
A varied terrain (including bare parallel sand-ridges. Stretches oL say, 20 miles without

vegetation, either dead or living, are rare. The most important plants are the widespread

^Abal" <CaUh}tmum) a large shrub, and "Jladh" (Sahofa) a small shrub. A few other

pants are frequent and there is, with little doubt, an ephemeral vegetation after the

infrequent rains. Penetrated on the borders by nomad camel herders in good seasons.

Western Sahara:
A varied region fteftnfUg some large dune-areas or ergs. Some are humid and provide

gom£ water and sra^ine; for flocks and herds, other* are bare and difficult to penetrate;

vegetation probaldv includes the perennial "driraV' crass (Ari&tida ptnwcns) and shrubs

6i tfce genm Cornnlaca (Chenopodiacw) and CoWfiomim (PoIyKonaceae) .After rams

there may be a rich ephemeral vegetation, chiefly of crueiierous herbs. Most oi the

ergs a- low of occasional nomad camel grazing at the edges, at least.

Simpson Deskrt:
. ,

The whole area covered with !pog, parallel dunes, quite wed vegetated with shrubs and

occasional small trees. Plants are thickest on the lower dunes and corridor* between,

where thev are usually some ieet apart. Uhe crests of the dunes are, tor the most

local dominance. Euhmabited : water is lacking

Kara Kttm:
. . rrt J

.... .

QtoSt sand-desert with bare, parallel dunes bordering the river. They arc uustab:li*ed,

hut the 'ar^e crass Arhtida pnmata var. may occur on (he lower slopes, with some

chenopodiace.-ms shrubs in the hollows. The barcbam often become well covered with

vegetation, forming shrubbv sandhills and eventually dwarf forests of Saxaul trees Hie

vegetation is varied and lately endemic. An ephemeral flora occurs In spring Shepherds

and their flocks make sporadic excursions from the oases and river valleys, and the dwart

forests yield firewood.

CmHUAKTJA!
The smtflM of the deserts considered here, including some parallel dune areas almost

E»ra of vegetation; what occurs is shrubby, sparse and irregular Ephemeral vegctaton

probably preset from time to time. Degree of habitation not known.%W
.seems to lie modified Mcsnuile (PrnS^pis) formation, dominated by Pehonuntho (I-.biatae^

Tttar *

FSre* parallel sand-n'dee areas are present. probably even better JMHtoj than the

Km Kxtm v-th a variety of shrubs ;md some -small trees. Sparselv inhabited win

wterod tiftjtr* and numerous flocks and herds of cornels, costs, rattle and duep a i"ere

are nwrriieWe land sntvev im^ of the re-Wi available. Important $&&* arc

Ca 7rtr<:<his
t

Cwfalaria, CaViQ0MiW t
Cyfcrus. etc.
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Table IV — Appendix

Summary of Chief Families and Genera represented

A. Libyan Erg
Ephedra (Gnetaceae)

Tamarix (Tamaricaceae

)

B.

C.

Salsola (Chenopodiaceae)

('ormdaca ( Chenopodiaceae)

Cattigomim (Polygonaceae)

D,
Arislida (Gramineae)

Cornuhtca (Chenopodiaceae)

Calligommi (Polygonaceae)

Siwiynya (Cruciferae)

Triodia (Grammeae)

Zygochloa (Spindfex)

Acacia (Leguminosae)

Cassia (Lcgmuinosae)

Crotalaria (Leguminosae)

Hakca (Proteaceae

)

Grevillea (Proteaceae)

ErrmophUa ( Myopcraceae

)

Traces nf Gramineae

Takla Makan
Popuhts (Salicaceae)

Lasiogrosfis (Graminea)

Rub' at, Khali
Dipicrygium (Cruciferae)

Cypcrus (Cyperaceae)

Fagonia (Zygophyllaceac)

Tribulus (Zygophyllaccae)

Western Sahara
Moricavdia ( Cruciferae)

Malcolm'ta (Cruciferae)

Lannca (Compositac)

Plantago (Plaiitag.naccae)

Ephedra ( ( inetaceae

)

E. Simpson Desert
Sida (Malvaceae)

(Gramineae) Hibiscus (Malvaceae)

Portulaca ( Portulacaceac)

Salsola
,

Rhagodw
Kochia

.Russia

A triplex

Enchvfaentt

(Chenopodiaceae)

Ail present to some

extent

F. Kara Kttm
Aristida (Gramineae)

Agr'wpkylhtm (Chcnoporliaceae)

Aiihrophylum (Saxaul) (Chenopodiaceae)

Corispcrmum (Chenopodiaceae)

Horaninnwia ( Chenopodiaceae)

Salso la (Chenopod iaccac )

Calligonum ("Polygotiaceae)

Smirnoz-ia (Leguminosae)

Amnwdevdron (Legirmiriosae)

Acacia (Legumlnosae)

Eremosparton (Leguminosae)

Astragalus ( Lcgununosae)

Carcx (Cyperaceae)

G. Ct-jittuafttja Desert
PoUo;niwtha (Labiatae) Hymmodea- (Compositac)

Yucca (Liliaceae) Scnecin (Compositac)

Prosopls (Mescuite) (Leguminosae) Chrysothammts (Compositae)

BdlC8 (Leguminosae)

H.
Calotropis (Asdepiiadaceae)

Lepfn/ictiia (Asclepiadaceae)

Indigofera (Leguminosae)

Crotatiatria (Leguminosae)

Aenta (Amararttaccac)

Sporahahts (Gramineae)

Andropogon. (Gramineae)

Thai* Desert
Cattigonum ( Polygonaceae)

Cypcrus (Cyperaceae)

Panicum (Gramineae)

and others (Gramineae)



SOUTHERN AUSTRALIAN GASTROPODA PART III

By Bernard C Cotton

Summary

Shell pyriform, with flattened base; base spreading, with a sharp edge round the entire

circumference; dorsal part of the margin, on the right side, anteriorly and posteriorly obscurely

ribbed; the left margin edge medially wavy; dorsum sharply humped, the central portion of the

dorsum in the holotype mostly white through the outer layer of shell being dissolved away with

hydrochloric acid; normally the dorsum is light brown as shown by patches of the original outer

layer left in other specimens which have also been treated with acid; margins and extremities

calloused and spread; medium brown-coloured base becoming cream towards the lips at the

aperture; aperture wide and curved; outer anterior lip declivous; aperture turns sharply left towards

the posterior end; twenty-seven teeth covering the whole length of the aperture; teeth moderately

developed, produced slightly across the base, rather coarse and widely spaced, brown with cream

interspaces; fossula white, slightly concave, sulcus wide and shallow, neither denticulate; interior of

shell, examined in a broken specimen, ivory white. Length 49 mm., width 35 mm., height 25 mm.,

animal unknown.
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SOUTHERN AUSTRALIAN GASTROPODA
PART HI

By Bernard C. Cotton*

[Read 8 April 1948]

Two new species and one new genus of Gastropods from south-western Australia

are described here

2oila rossellL sp nov.

W. I, fig. 2-6

Shell pyriform, with flattened base; base spreading, with a sharp edge round

the entire circumference; dorsal pari of the margin, on the right side, anteriorly

and posteriorly obscurely ribbed; the left margin edge medially wavy; dorsum
sharply humped, the central portion of the dorsum in the holotype mostly white

through the outer layer oE shell being dissolved away with hydrochloric acid;

normally the dorsum is light brown as shown by patches of the original outer layer

left in other specimens which have also been treated with acid; margins and
extremities calloused and spread; medium brown-coloured base becoming cream
towards the. lips at the aperture; aperture wide and curved; outer anterior lip

declivous; aperture turns sharply left towards the posterior end; twenty-seven

teeth covering the whole length of the aperture; teeth moderately developed, pro-

duced slightly across the base, rather coarse and widely spaced, brown with cream
interspaces; fossula white, slightly concave, sulcus wide and shallow, neither

denticulate; interior of shell, examined in a broken specimen, ivory white-

Length 49 mm., width 35 mm., height 25 mm., animal unknown.

Loc.—Fremantle, W. Aust.

Remarks—The species is constant in character, size and shape. Only three

distinct species and four subspecies of the primitive cold water cowries belonging

to the genus Zoila are known, and they are found in Western and South Aus-

tralia. There arc four Tertiary species in the Miocene of Victoria, Z, consobrtnn

McCoy 1877, Z. plaiypyga McCoy 1876, Z. xhiipticior Schilder 1935 and

Z. toxorhyncha Tate 1*890. None of the Tertiary species resembles the Recent

one here described. Probably Z. rasseHi is more closely allied to Zoila deciph'ns

Smith 1880 described from North-Western Australia than to any other species,

but it is distinct. Z. rossellt differs in the flattened base with its spreading and
sharply-edged margin and coarse spaced teeth of the columella and outer lip

Curiously, Z. rosselli has the genera! shape of Siphocypraca mus Linne 1758

Mediterranean, and of Bernaya ieiderei Cazenavctte 1846 Arabia, and Bernaya

fultoni Sowerby 1903 Natal., but these three species have well-rounded bases,

and Bernaya is edentulous. Syphocypraea has a complete set of spaced teeth on

the margins of the wide aperture, a feature which in some way recalls Z, rosseili.

The holotype specimen D. 14220 is figured in five different positions, and another

broken specimen belonging to the .scries is figured to show the interior structure.

Mr, Harold Kossell, after whom the new species is named, took the four

specimens before me at Fremantle from a beach near North Wharf just beyond

the wall where all sorts of rubbish come ashore. The bucket dredges dump their

contents straight out to sea opposite this little beach, and the shells may have come

from the bottom of the harbour. He writes: "J remember small stones, some wiih

shells such as Turbo setosus stuck in them in a partly fossilised state. . . I often

picked up immature. Cyprat-a scotfi on this little beach, but of course scotti were

•South Australian Museum, Adelaide.

Tr*n3. Roy. Sot. S. Attft-, 72, (0, 23rd August, 1943



and some actually had the remains of their animals in. ... If 1 remember, the
time would be about October, after the equinoctial blows of September/' Mr.
Kossell also remarks that "if must be a long time since i took them, .at least

thirty years ago. I remember it very well, and the dorsum was pale brown,
somewhat marked with tiny scratches and cleaned at once with the application of
hydrochloric acid. 1 imagined then that it effected an improvement in the shell's

appearance, but I was just beginning- to collect things, and had it been recently

1 would have known better." The only specimens known are six taken by Mr.
Rossell, four of them in the W. R. Stcadman Collection, one of which, the holo-
type, described, was donated by Mr. Stcadman to the South Australian Museum.
One specimen from Cottesloe is in the Australian Museum, according to informa-
tion received.

Alcyna acia sp. nov.
PI, I. fig. 7, %

Shell small, conical, turbiniform. solid, protocivnch finely spirally fur-
rowed and blunt, of one and a half whorls; first spire whorl convex, closely
Urate with seven close-set cords; third convex, bicarinate, upper carina at
about the centre of the whorl, lower immediately above the suture; about
ten stoul roundish axials from the suture cross- and form somewhat vertically

compressed nodules on the upper carinae and on the intercarinal lirae. least
promiuent on the medial lirae, more prominent on the lower curir-a and
largest on the upper; round the base are ten rather broad, rounded spirals;
mouth nearly circular, labrum bevelled on the inside, slightly effuse at the
base, hollowed on its surface, without any spreading- callus; "columella with
a prominent tooth which is actually a plait-; a broad band of rosy tint winds
round the base to the basal Up and extends between the tubercles of the
lower carina and so can be seen as spots just above the suture; in some speci-
mens- a narrow red band appears between the main axials Just helmv the
suture and in some a scries of dashes extends from its inner margin lo the
base nearly to the aperture of the shell; the lip is round, smooth inside, with
a slight gutter behind; the body whorl has seven or eight equidistant round
ribs of sizes equal to the interspaces ; some have axial red lines- equal in
width to the white interspaces, sometimes broken into articulated Imes,
especially about the periphery of the body whorl, much less over the base;
the first and second whorls may be red and the body whorl with seven or
eight streaks of red with equally wide streaks of white from the suture to
the periphery, and coral red base; some have the first three whorls red. the
next two whorls, the ultimate and penultimate, with about six zig-zag broad
brown flames and rather narrower white interspaces extending to a brown
base; one form has the two ozonations articulated with brown, the rest of
the shell being light chestnut brown, the first and second whorls hejpg rosy
red. Diameter 1"8 mm., height 3 RTfTT.

Loc—W. Aust.: Rotuicst (type). King<korge Sound, llopetoun. S. Aust.;
Cape Hordn, 60 fathoms.

Remarks—The species is bicarinate and more strongly sculptured than Alcyna
ausiralis Tledley 190/. from Mast Head Island. 17-20 "fathoms; the columellar
tooth is less developed, and the colour pattern is different.

llolotype: Reg No. D, 14219, South Australian Museum.

Austroliotia gen. nov.

Genotype: Liatia hntanica Ifcdley 1915, Mew Sonth Wales.
Shell depressed, moderately heavily sculptured, aperture trumpet-shaped* not

c
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strongly variced; umbilicus wide; operculum horny, multispiral but with faint

traces of granules.

Distribution—New South Wales, Victoria, South Australia, Western Aus-

tralia, Tasmania, New Zealand.

Remarks—Liotina Fischer 1885, genotype L. gervillei Dcfrance, a fossil, has

been used for this temperate Australasian genus with widely umbilicate depressed

shells, with moderately variced aperture and simple, multispiral, horny, operculum.

Liotina is more applicable to a well marked tropical and subtropical group of

species, with extremely solid, not very depressed shells having a very narrow

cylindrical perforation. The genotype, A. botanica, typical of a southern Aus-

tralian series, seems to be a temperate relative of the warm water Liotina.

Austroliotia is separable from Munditia, in which the shell is more planorbid

with a tendency to reduction of sculpture to knobs on the double keel, and having

a very wide perspective umbilicus, lightly variced aperture and simple, horny,

multispiral operculum. Species belonging to Austroliotia, besides the genotype,

are A. australis Kiener, A. densiliucata Tate, and others may also belong here.

Key to Species of Austroliotia

a. Spiral lirae denned .... - ••• atixtralis

aa. Spiral lirae weak densilincata

DESCRIPTION OF PLATE 1

Fig". 1 Zoila rosselli sp. nov., ventral, holotype.

Fig. 2 Zoila rosselli sp. nov., dorsal, holotype.

Fig. 3 Zoila rosselli sp. nov., anterior, holotype.

Fig. 4 Zoila rosselli sp. nov., posterior, holotype.

Fig. 5 Zoila rosselli sp. nov., dorsal aspect of broken specimen showing interior.

Fig. 6 Zoila rosselli sp, nov., lateral, holotype.

Fig. 7 Alcyna acia sp. nov., ventral.

Fig. 8 Alcyna acia sp. nov., dorsal-
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A VEGETATION AND PASTURE SURVEY OF COUNTIES EYRE, BURRA
AND KIMBERLEY, SOUTH AUSTRALIA

By R. W. Jessup

Summary

In the past, ecological studies of the natural vegetation in South Australia have had as their

objective the classification, mapping and description of the floristics of the plant communities,

together with an enumeration of the edaphic and climatic factors responsible for their maintenance.

The present work has a similar approach. Throughout most of the region discussed the natural plant

assemblages are used as the basis of a sheep-grazing industry. Some consideration is given,

therefore, to the plant associations as natural pastures. Their species composition and the frequency

of occurrence of the fodder plants are included in the lists giving the floristics of the association.

The ultimate aim of this work, however, is to present an accurate picture of the distribution of the

species which occur in the area and their total rainfall requirements. Over much of the country the

soils are comparatively uniform, enabling the sifting effect of declining rainfall on the species

composition of the plant assemblage to be studied. It was fortunate that the field work was carried

out in three very favourable years - 1945, 1946 and 1947.
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A VEGETATION AND PASTURE SURVEY OF COUNTIES
EYRE

r BURRA AND KIMBERLEY, SOUTH AUSTRALIA

Hy TL W. Jkssup*

[Read 10 June 1948)

INTRODUCTION
In the past, geological studies of the natural vegetation iu South Australia

have had as their objective the classification, mapping and description of the
floristics of the plant communities, together with an enumeration dl the edaphic
and climatic factors responsible for their maintenance. The present work lias a
similar approach. Throughout most of the region discussed the natural plant
assemblages are used as the basis of a sheep-grazing industry. Some consideration
is given, therefore, to the plant associations as natural pastures. Their species
composition and the frequency of occurrence of the fodder plants are included in

the lists giving the floristics of the

association. The ultimate aim of
this work, however, is to present an
accurate picture of the distribution
ol the species which occur in the

9I%G and their total rainfall require-
ments. Over much of the country
the soils are comparaiivcly uniform,
enabling the sifting effect* of declin-

ing rainfall on the species composi-
tion of the plant assemblage to be
studied. It was fortunate that ihe
held work was carried out in three
very favourable years—1945, 1946
and 1947.

The area considered in this paper
comprises Counties Eyre, Burra
and Kimberley, a total of about
6.000 square miles of country, Re-
ference to the locality plan (fig. 1)
shows that the three Counties

Ffe 1 extend from the eastern scarp of the
Mount J.ofry Ranges to the longitude of the River Murray, bounded in the south
by a line Irani Swan Reach to Cambrai, while the northern boundary lies slightly
south of the Broken Hill railway line. Since by far the greater portion is semi-
arid or arid—and even where the rainfall is higher skelelaf soils are widespread—
little cropping is carried out, the land being mainly used for sheep-grazing ( Jig. 2).
Further, the low and unreliable rainfall limits the possibilities of plant introduction
and pasture improvement, so that grazing is dependent on the drought-resistant
native species. Overgrazing of these pastures has caused widespread degenera-
tion of the plant cover, with reptiliaut loss in stability of the soils. Wheat was
formerly much more widely grown, especially :!n Counties Kyre and Burra, but
unfavourable results caused recession of the wheat-growing areas and their
reversion to grazing.
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CLIMATE
While the southern portion of the area has a typical Mediterranean climate

with rainy winters and dry summers, this tendency towards a maximum of rain

in the winter is not so pronounced in the north where summer rains are an

important feature. This is shown in Table 1, which sets out the monthly rain-

falls of four recording stations;

Table I

Mean monthly and annual rainfalls of four recording stations.

Sedan Burra Paratoo Oodlawirrn

January 66 79 61 96

February - 58 It 60 71

March 65 83 64 60

April - 89 122 46 74

May - 123 192 88 103

June - 149 231 90 120

July - 117 213 52 103

August 150 226 72 134

September 132 205 72 104

October 109 166 66 81

November - 72 94 80 91

December - 65 94 78 96

Total 1,195 1,777 829 1,133

The summer rains are associated with thunderstorms which are of mon-

soonal origin. A characteristic of many of the rains associated with summer

thunderstorms in the northern pastoral areas is the scattered nature and sharply-

detined limits of the showers. Occasionally, extremely severe hail and wind

accompanies the thunderstorm and much damage is done to the vegetation. These

storms usually only cover a narrow strip of country. In Table II a comparison

is made of the monthly rainfalls of the Gums and Florieton, two recording

stations separated hy four miles of plain, for three years during which there were

significant differences in the annual rainfalls. It is noteworthy that the biggest

differences in monthly rainfall occur during the months when thunderstorms are

most often experienced. In several instances no rain was recorded during the

month for one station, while the other had useful rain.

Table II

Rainfall characteristics of The Gums and Florieton for 1892. 1899 and 1926

Monthly Rainfall A i inual "Rain [all

Year 1 K. M. A. M. J. Jy. A. S. O. N. D. Gum 5 Florieton Diff.

1892 Flor. us 71 .

—

40 32 45 89 125 157 429 92 59 1,1)02 3,255 253

(iums 90 40 — 28 31 31 68 113 121 386 4S 46

J 899 Gums 10 212 SO 33 ys 201 26 50 172 3fl 46 15 899 748 151

Vlor. 105 55 27 20 173 — 60 3J8 — — 10

1026 - Klor. — — M 47 191 97 33 206 lfil 142 — 31 875 982 10?

Gums — — n 34 209 65 45 345 292 38 23 13

The summcir rains aie o f higher intensity than the winter rains (Table Til).

Table III

Showing the difference in intensity of the summer and winter rains.

The Gums 1919-1942

Average number of wet clays * - -

Rainfall (points) ffef wet day - -

T K. M. A. M. % Jy. A. £. O. N, D. Year

2,3 2.0 .1.8 2.3 13 5.4" 5,8 5.9 4,3 3.3 2.6 2.3 £5.0

32 36 26 21 21 13 12 17 18 22 24 24
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Rainfall isohycts arc shown
in fig, 2. The average annual

rainfall varies front 23" in die

extreme south-west ro 7" in

the north-east of the area.

Physiographic features in-

fiueneing rainfall are the

north-south range? along the

western boundary which are

pari of the Mount Lofty -

Flinders Ranges system, and

the level plains which are

characteristic of the country

east of the ranges. Along the

ranges the isohyets follow ele-

vation in a general way, while

on the plains rainfall decreases

from south to north.

No temperature records are

available from any locality

within the area, bummers are

warm to hot and winters cold

to mild. June and July arc

the coldest months, and iti

these two months in particu-

lar, especially in the north,

fairly heavy frosts are com-

mon. Falls of snow occur

very rarely in the highlands

around Hallett and Burra,

which are in one of the cold-

est portions of the Staie.

During the summer months,

particularly in drought years,

dust-storms are frequently ex-

perienced. They result in a mantle of dust forming on the shrubs, particularly the

saltbush and bluebush, due to their hairy leaves and stems.

The distribution of the vegetation in the area considered in this paper is

determined primarily by climate, soils being- of lesser importance. Of the climatic

factors the rainfall-evaporation ratio which gives a measure of the moisture avail-

able to the plants is most important, since temperature is rarely a limiting factor

to plant growth except in the Burra and Hallett highlands, Davidson (4) con-

siders that for general plant growth, if during any period P/E exceeds 0*5, suffi-

cient moisture is available. Most of Counties Kimberley, Hurra and Eyre are

within Davidson's warm-temperate semi-arid zone with P/E exceeding 0*5 for

five months of the year during the May-October period and nil months for the

November-April period. In a portion of the north-east P/E exceeds 0-5 for

only four months (May-October period). However, along the ranges of the

western boundary P/E exceeds 0*5 for seven months of the year (six during the

May-October period and one during the November-April period). Mean annual

temperatures are between 60-65° F.
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Considering herbage plants specifically and from direct observations at the
Waite institute, Trumble (12) considers it necessary tor V/E to exceed 03 if

the surface four inches of soil is to be maintained above the wilting point. Rain
falling during- the period in which T/E exceeds 0*3 he terms the influential rain-
fall. For most of the area studied P/E exceeds OS for less than five months of
the year, although it is six In. the south-western portion along the ranges. The
influential rainfall decreases from about 15" per year to less than 5".

GEOLOGY AND PHYSIOGRAPHY
The inallee plains- are composed of level-bedded Tertiary limestones, while

the outcropping rocks of the ranges are of Prccamhrtan and Cambrian age.
Hossfeld (6) has described the geology of the eastern scarp of the Mount Lofty
Ranges between Keyneton and button. A feature of the north-western portion
of the area is the system of alternating ridges and valleys, which have a pra-
novuiccd north-south trend. This area is continuous with County Victoria, where
a similar topography has been described by Stephens (11).

Drainage is largely endoreic. although the River Marne and the Bvtrra Creek
following heavy rains flow into the River Murray. The eastern scarp of the
ranges is steep and the sharp gradient, especially during summer thunderstorms,
causes the creeks to carry much alluvial material onto the foothill plains. Here
the creeks flood out in alluvial basins. The drainage pattern of the plains of the
north-east is characterised by watercourses, which unlike creeks are not defined
by banks, bttt are broad depressions Jacking a well-defined channel. They are
particularly valuable to the grazier for their production of herbage following
rains which may have caused little response on the higher ground. Overgrazing
ot the watercourses and consequent destruction of their protective bush cover
results in scouring and the formation of channels. The water no longer spreads
over the broad extent of [he watercourse but is confined as in a creek. At this
stage the watercourse has lost most of its grazing value.

The surveyed area varies from about"300-3~000 feet above sea level (fig, 2) s

the highest land being in ihe vicinity of Burra and flatlet!. Mount" Bryan
(3,063 reel) is the highest peak^

TTfE SOILS
Four major soil groups are represented in the area, and also allied skeleial

soils, Their distribution is shown on ihe soil plan, Tlicy are:

1. podsols and podsolic soils; 4. desert loams; and
2. red -brown earths

; 5. skeletal soils allied to the above groups
3. brown soionized soils;

Podsols and podsolic soils

The podsols are restricted to a small area in the extreme south-west, where
the rainfall exceeds 22" per annum, The underlying rock is generally within
about 2 feet of the surface and outcrops on the ridges, although there are
deeper alluvial soils in the valleys. Soil profiles show a grey sandy loam over-
lying yellow -grey sandy loam, and a subsoil consisting of mottled yellow &rt«]
yellow -brown or grey and yellow-brown sanely clay loam or clay.

Fringing the true podsols on the lower rainfall side is a zone of grey-brown
podsolic soils whove subsoils are yellow-brown and unmottlcd.

R^d brown earths

The red-brown earths have been considered in detail by Piper (8) and are
not further discussed here. Included in the red-brown earths shown on the soil

map is a small area of degraded rendzina of the Yangya siltv loam type, as
described by Stephens (11).
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Table IV sets out the results of laboratory analysis of a reel-brown earth

piofile collected one mile south of Whyte-Yarcowie (8).

Table IV
Laboratory analysis of a red-brown earth profile.

Locality of sample: Section 515, Hd Whyte
Depth - 0-5"

Horizon - A

Reaction 7-1

%
Coarse sand - 17-6

Fine sand 35-9

Silt 16-8

Clay 24-2

Loss on Acid

Treatment - M
Nitrogen N - •102

Phosphoric

Acid P
2 &

- -055

Potash K
r
O - 0-83

19-25'

B
2
C

8-2

5-4

13-5

6-3

5K-1

11-0

-074

5-14" 14-19"

B
1

B
2

7-4 7-6

% %
14-7 6-1

26-8 12*8

9-3 5-7

41*8 64-4

1-5 2-0

•067 -077

*050 — —
1 -06 — —

Chlorides as

NaCl - - 0-011 0-015 0-020 0-020

Brown solonized soils

These are the most widespread soils in the area, since they occupy the. mallee

plains. The brown soloruzed soils have been described by Prescott (9) and in

detail by Prescott and Piper (10), and later by Crocker (3).

They are usually sandy loams averaging a depth of about 6" and overlying

a layer containing abundant nodular limestone and some hardpan, but the latter is

not so sirongly developed as further south (7). T>cncath this layer of maximum
lime accumulation is a zone containing much friable lime and clay. Tertiary lime-

stones are found at shallow depths. Along the foot of the ranges where rainfall

is higher, the soils contain less lime and have a deeper A horizon and a well-

developed sandy clay loam subsoil, The brown solonized soils tend to grade into

red-brown earths, but the line of demarcation is usually made dehnue by the

interpolation of skeletal soils. Along the River Murray the surface soil is

extremely shallow (1-2") and travertine limestone is exposed over wide areas.

Results of laboratory analysis of a brown solonized soil profile collected near

Morgan are given in Table V (10).

Table V
Laboratory analysis of a brown so'onized soil profile.

Locality of sample: Section N, Hd. CadclJ

Depth -

Horizon -

Reaction

CaCO
a

Coarse sand

andPine

Silt

Clay

Nitrogen N
Phosphoric Acid

Potash K.7
G

Chlorides as NaCl

P.O.

0-4" 4-9" 9-36" 36-66" 66-85"

A. A rJ BC C
8-7 8-7 lime- 8-8 8-8

% ?o Stone % %
5-0 0-6 10-5 25-4

36-2 32-3 6-1 5-0

41-3 43-9 23-9 20-9

4-7 4,7 6-3 4-3

7-9 7-7 43-6 30-4

080 •081 -020 •014

-049 •050 039 —
-52 50 1-65 —
•007 <021 -406 •419
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THE DESERT LOAMS
Two types of desert loam soils are found in the area surveyed:

(1) Calcareous desert loams in which moderate lime occurs.

(2) Desert loams in which small amounts of lime may he present.

The following is a typical calcareous desert loam profile;

0- 7" dull brown sandy loam;

7-15" dull hrown loam with moderate lime;

15-30" brown clay loam;

30-58" rcd-browri clay

;

58"- red-hrown clay with slight gypsum.

The depth at which lime is encountered varies from 6-20". Gypsum is not

always detected in the subsoils.

In the less calcareous desert loams the surface soil is a brown loam, that is,

these soils are characteristically heavier textured and have a somewhat brighter

colour in the surface horizon. Nodular lime is absent from the profiles, but light

lime may be found at a depth of about 3 feet. These desert loams, therefore,

have less lime, and atly lime which is present is at greater depth than in the

calcareous desert loams.

The two types of desert loam profiles, moreover, are found in different sites,

those containing little lime being characteristic of watercourses wrhile the cal-

careous soils are present in higher sites,

Calcareous desert loams carry Kochia sedifolia as the shrub dominant, while

K. planifolia and Atriplex vesicarkim are associated with the less calcareous soils.

Results of laboratory analysis of a desert loam profile are shown in Table VI.

Table VI

Results of laboratory analysis of a desert loam.

Data supplied by Mr. C. G. Stephens, Waite Institute.

Locality of sample: Block 36, Hd. of Walknvuy

Depth - o-r 1-5" 5-7" 7-10" 10-22" 22-36" 36-

Coarse sand - 21-8 7-9 7-1 6-6 3-9 2-6 2-2

Fine sand 49-5 50-0 34-4 33-2 20-7 30-5 29-6

silt - 10-5 17-8 33*0 31-8 19-5 28-6 32-4

Clay - 15-9 19-6 22-3 24-8 49-5 28-1 29-7

Loss on Acid Treatment 1-3 1-3 1-2 2-2 1-4 7-2 4-6

Reaction - 8-67 8-69 8-17 8-23 8-28 8-82 8-73

Total Sol. Salts •064 •085 •128 -085 ,

—

-166 -302

CaCO
y

- .„ •070 — — 042 5-22 —
Potash" K„0 - — 1-284 —

,

— .— — .

Phosphoric Acid I* O,, — •075 —

i

— — — —
Nitrogen N — -127 •104 •076 —

i—

i

—

Skeletal soils

Shallow immature non-arable soils are associated with the ranges. Country
rock frequently outcrops, or the soils are very shallow and contain an abundance
of rock fragments,

THE VEGETATION
Eleven plant associations have been recognised and mapped. Table VII sets

out the factors determining their distribution. Climate, particularly rainfall, is
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most important, while soils play a very minor role in determining the

of the associations but determine the distribution of some species

distribution

within the

associations.

II. camaldulcnsis

E. leucoxylon

C- stricta

E. odorata

L. mnlliflora-L. dnni

Table VII

Plant Associations

Savannah

woodland

Savannah

/L anreps-E. dumosa *\

E. brachycalyx-E. alcosal mallee scrub

£- oltosa-E. (?ractUs J

M< plalycarpmn-K. scdi- tree-shrub

folia, steppe

C lepidnphioin desert scrub

ErcmophHa'Dodonaca-

Acadit

shmbland

podsols -
>23"

red-brown earth, podsols, 19-23"

skeletal

skeletal, brown soloni^cd 14—10"

skeletal, brown solomzcd 14—19"

skeletal, red-brown earth, r&MS*
brown solonized, desert

loam

brown colonized 12-ur
brown ?>oloni?:ed, skeletal 10i-12"

brown solonized. skeletal s-ior

brown soloriized, desert <*"

loam

brown solonizcd, desert <8"

loam

skeletal 9M-H"

(1) Eucalyptus camaldulexsis association (pi. II, fig. 1).

Red gum (£. camaldulensis) forms an open savannah woodland where the

rainfall exceeds 23" per annum. The habitat is undulating to hilly, while the

soils are podsols. Besides being the dominant of this community, E. camahht-

Icttsis occurs along creeks throughout the area.

Shrubs and undersbrubs are practically absent from the community^ The

following occur rarely: Acacia pyenantha, A, rheiinodes, Astroloma humifusuw

Pimelia glauca, Daviesia uticina, 'Dilkvyniu ftoribitnda, Thomasia pvlalocalyx and

Eulaxia\mcrophyUa. Pteridhtm aquiiinum is not found east of Keyue Hill.

The association is characterised by its herbaceous species, of which grasses

are the most, common. Danthonia setaceaT Stipa variabilis and in parts TrifoUum

subterrancmn dominate the pasture. Usually associated are Avena ftituih Bromus

rigidus, Crypioslemma calcndukiccnm and Rrodhtm botrys. Towards the drier

limits of the E, carnaldulensis association Danthonia setacea is replaced by

D. scmmnnularis, a species demanding less rainfall, Commonly occurring herba-

ceous species are Briza maxima, B. minor, Bromus mollis, Cynosurus cchinatus,

Hypochaeris radicata, Hordeum leporimmi (formerly if. murinum), TrifoUum

angusiifolium, Scirpus sp. and Vulpia niyuros. Less common are Aira carya-

phxltea, Acacna ovina, TrifoUum awense, Rumex acetosdla, Vittadinia triloba,

SHpa cremophila, Halorrhagis data and Themeda ausfralis.

Rare herbaceous species are Convolvulus erubvscens, Erodium acutariuw*

Poa australis, Oxalis rorniculata, Rumex pidchcr
>
Droscra whittakeri, D. pygmaca,

Sclcropoa rigida, Cheilanthes icnuifolia }
Enncapogon nigricans, Erechthites quadri-

dentata, TrifoUum glomeralum, Wahlcnbergia sp., Chenopodium carinatum,
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Kemtcdya prostrata, Lomandra fibratu, Sonckus oleraceus, Lolmm subutatum,

Moracaxerospatha var, vtonophvlla, SUpa drummondii and Rammculu* lappamu,

HAichrysum apkulalunt and Lomandra dura %tt very rare.

Of the weeds present in the community Echium planlagiuenm is the most

widespread. Oxalis cemua is of fairly common occurrence. The following arc

rare: Salvia vcrbenaca, Asclepias rotundifolut, Iris gcrmankn, Rosa cauma,

Sotanum nigrum, Inula graveolens, Romulca rosea and Qnopordon acanthitwt.

Grazing and invasion by introduced species have considerably modified the

native pasture In lightlv stocked paddocks the sward is dominated by the-

wallaby and spear grasses and contains much Stlpa rrcmophita and few annual

With .crazing. Themcda cutstralis (kangaroo grasa) and Stlpa crcmopluta arc

among the first species to he removed, and at. the same time there is an increase

in annuals like Browns figidus, Avcva fatua, Cryptostemmtt calcndulaccum,

Erodium botrys and llordcum Ivfurrhtum. Many rtf the species which appear

are of doubtful fodder value on account o[ their low production o£ edible growth

and (heir short life Echinopogon ovatus is particularly abundant along road-

sides but is not found to any extent in grazed paddocks.

There is a notable absence of introduced pasture plants in Ibis good rainfall

country, and with tte rare exception of paddocks in which subterranean clover

has been planted, the pastures are grass dominant. Apart from the rarely

occurring leguminous shrubs which are now found principally along roadsides..

Lite only "native legume [ound in the community is Kcnnedya prostrata. This does

not occur in grazed paddocks. The medics which are common in other plant

communities (Mcdicago hispnia, M. trunculata and M. minima) do not grow on

these acid soils, the principal herbaceous legumes being Trifoliitm angustifolium

to id X- arvense.

[2) Evcaiattt/s lf.ucoxylon assnemrion (pi. II fig. 2),

£. (eucoxyton (blue gum) association covers a considerable area of the

Mount Lofty Ranges and reaches the eastern-most limits of its distribution where

the rain Sail is about 19" or slightly less per annum. The habitat is undulating to

billy f
while the soils are red-brown earths, podsols and related skeletal soils. Near

Kcyncton the transition from red to blue gum is due to declining rainfall, nnt to

any soil change. E. le-ucoxylon var. paupcrila is also present.

Shrubs and undcrshrubs are not generally a conspicuous feature oi the com-

munity. Bursaria spinoxa, Acacia pyenaniha and Pimelia glduca are rare, while

Acacia arwato, A. rhetinodes, Cryptandra amara var. longiflora, Hrlichrysum

retmum, Triodia irritans, Exocarpns atpn>sxiformis and Sida corrugcita are very

rare. In the area discussed in this paper Pavicsia ulicina, Dillwyma flonbunoa

and Thomasia petalocalyx arc restricted to podsolic soils in the vicinity of Keyne*

ion, A. brachyhotrya, Enchylavna lomentosa and Kochia hrcvifolia are found in

the driest parts of the habitat.
. .

Callitris propinqua occurs on skeletal soils with red-brown earth alfinitics

towards the drier limits of the community.

This association, like the red gum country, is characterised by Us herbaceous

species hut contains move volunteer medics and clovers with the grasses. Snpa

wriabilix and Qanthonla semiannularis dominate the sward. Usually associated

specie* are Vittadinia triloba, Awna fatua, Erodium botrys, Bromus rujtdus and

Hordcum kporinum, Commonlv occurring herbaceous species are Trifolmrn

cnejusiifoliwn, Vidpia mvuros,
' Stipa emnophila, Medicago tnmculata and

M hispida. The following are less common: Erodmm acutarium, Oxahs

comiadaUi, Chcilunthcs temdfoHa, Aristida behriana, Crypioxtcmma calmdu--

lavcum, Trifoliitm arvense, T. iomentosum, Helichrysum apiculatum, Hypoctwn.s
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radicata, Medicugo 'minima and Hetipterum jessenii, Fairly rare are Bronms

madritensis, B. mollis, Sarpus sp., Lolium subulatum, Rhagod'w nutans, Lomandra

dura and L, muUiflora (both species being found on skeletal soils), Wahlenbergia

sp., Angitdllaria dioica, Brhta maxima, Aha caryophyllca, Piantago lanceohila,

Etechihiies guadridentata, Convolvulus erubescens, Sonchus olcraei'its, Geranium

pdostim and (t. ihoUc.

Species uf rare occurrence include: Moraea xcrospatha var. monophylla,

Euphorbia dnonmondii, /?. minor, Dianella ravuhita, Trifulium subterranvum

(porisolic soils vicinity Keyneron ) , Dkhopogon strictus, Lolium eylindricus,

Lepidium hyssop ifolium, Chenopodium cariuatum, Cynodon dactyton, Cknuith

m'urophylla, Kennedya prostrate, Shcrardia (in-enxis, Emicapogon nigricans,

yelleia paradoxa, Thcmcda ausfralis, Ilalorrluigis data. Droxera whillakeri*

Salsola kali, Schisnrus barbedus (the latter two- species only in Jfte driest of the

blue gum area), Acaena ovina, TricMniwn spatlndatuni, Stipa elegant issitna,

Scnecio hiutus, Caloccphalus citrcus, Ranunculus lappaams, Bulbine bidbasa,

Lolium subuhhtm, Stipa drumunondii, Trifolium glowcraluw and Sctt'ropoa

rigida.

Eclm+m plaiitagineum is the most widespread weed. Salvia verbenaca uiid

Oxalis cemna are fairly widespread, while the following are occasionally found,

especially along roadsides; Marfubhan vutgarc, Asphodclus fisfulosus, Qnapordon

aande, 0. uciinihiiim, Carthamus lonaius, Rosa vanina, Solatium nigrum, Vhx
europaeus, Cynara eardunculus, Foeniculuni vulgar*:, Hdudt'ttpium curopaeum,

Romulea rosea and Polygonum aviculurr, Inula graveolens is conspicuous in

wheat slubbles following summer rains..

Changes in the native, pastures similar to those brought about in the red gum
country by grazing and invasion by introduced species have occurred here. The

most widespread soils associated with the community are red-brown earths, and

these are considerably less acid than the red gum soils.. As n result the medics

Mrdicaga truncuhta, M. hispida and more, particularly on the drier side the less

valuable .W. minima make a more balanced pasture. The family Logumirtusae is

represented by several species amongst the. generally inedible and sclcropltyllous

shrubs, hu1 the unl> native herbaceous legume is the rarely occurring Kennedya

prostraia.

(3) Cas.tjat<tka stku-ta association (pi. II. fig. 4)

C. s(ricta (sheoak) is a small tree which is found throughout the Mount
Lofty Ranges, generally on shallow skeletal soils, on which it replaces ihe dominant

tree of the mature soils of the area. It is, however* by no means restricted to

such habitats, since it is found in various parts of the State on a variety of soils.

in the area considered in this paper sheoak forms an open savannah woodland
alon*£ portion of the eastern scarp of the. ranges, but does nor extend on 1o the.

foothill plains. The rainfall of the habitat, which is characterised by rough hilU

with skeletal soils, is between 144" and 19" per annum. While most of the area

is devoid of Lomandra multiflora and is really a grassland community with only

scattered trees, in parts this species gives a characteristic fades to the community.

It is particularly prominent towards the foot of the hills.

Shrubs and undershrubs are unimportant. Acacia armala, A. brachybotrya

and Rhagodia porabolica are fairly rare, while the following are very rare;

Btuwaria sfinosa. Acacia pyenantha, R'ochia brevifolia, Dodonaea attenuata,

Encftylaena tomentosa, Pimelia glauca and ^Nicoliona glauca.

Stipa variabilis and Danthoma scmiannnlitr)s dominate the sward. Usually

associated rpeeies are Erodiuw botrys. ^ittadima triloba, ilordenm lepnrimtm and

fhma fiitna. Commonly occurring species are Medkago hispida, Af. trunrulata
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and M. minimo, Trifolium angusiifolium and Bromus rigidus, Crypioslcmma
catcndulaccmn, Trifohntn arvcusc, Enncapogon nigricans

t
Hypochaeris radicufu,

Stipa ercmophiht, V
r

ulpia myuros and Erodlum cicntaY'ium are less common.
The following Species are rare: S'alsola kali, Strpa rlcgantissima, Acacna

ovina, Aira ctiryophytlca, Brizu maxima, Qxalis carnkuiata, Auguillarin dioiai,

Convolvulus cntbcsccns, Halorrhagis data, ChcHanthes tcnuifolra, Wahlcnbergia

££., Chcnopodium curiiiatuiu, Lolktw xitbuhtum, Moraea xcrospatha var. mono-
phyUa, Sonchus oleracnis, Atriptcx .svntibaccuhtm, Kcuncdya prostrata

}
Hcli-

chrysum apiculatum, Hcliptecum jesscnii, Lonmndro dura, Rhagodia nutans,

fHchopogon slrktus, Trichinium spathulatum, Rulbinc bulbom and Ranunculus
Jappacens.

Echium plantagincum is fhc most widespread weed. Sak'itt verbenaca, Rotnu-
Ica rosea. Oralis cermto and Chtopordon acaitlc are common. Rare are Solauum
nigrum, Carthumus lunalns, PocnicHlinn vulgare, Scabiasa mariliina, Asphodelus
fistulous and Onopordon acauthiuni.

Comparison of species and their frequency of occurrence shows that these

pastures associated with sheoak are very similar to the native pastures of the

blue gum country.

(4-) KucAt.YPTirs ooobata association (pi. II, fig. 3).

E. odoraia (peppermint gum ) reaches its maximum development cm the

western slopes of the Mount Lofty Ranges and the adjaceni plains. On the

eastern side of the ranges the rainEail decreases sharply, so that climatically the

only favourable habitats for E„ odorala are the eastern slopes and a narrow >fnp
along the foot of the hills. The habitat is characterised by brown solonized soils

on the foothtU plains and skeletal soils in the hills. The lower limit of rainfall is

about 14^" per annum. In addition to bein^ the dominant of tins community.
E

t
odorata occurs in ihe valleys among the hills which carry Acacia-Dodonava-

lirrmophila association and extends throughout the driest of the area along: creeks.

East of Eudunda Euccdyptus calcicuUrix is present in the community.
CalEhis prapinqua, Pitlosporum phUlyrcoidcs and Myoporom platxcarpnm are
very rare, being found only on the foothill plains, the driest portion of the habitat.

Shrubs are somewhat more prominent in this community than in either the

red gum or blue gum country. Particularly is this so near Sedan where Kochia
gcorgci, K. brcvifoiia, Rhagodia parabolica, R. crassifolia, Cassia cremophila var,

plutypoda, C. sturiii. and Acacia brachybotrya evideudy at one time formed a dense
growth. For the habitat as a whole, commonly occurring shrubs and undcr-
shruhs are Acacia arniata, .4, brachybotrya, Kochia brcvifolw, Enchylucna
(omentosa and Bnrsaria spinosa. A. pycnutitha is fairly common, while Kochia
acorgei, Cassia sturtii, C. errmoph'da var, plutypoda, Rhagodia parabolic^,

R crassifolia, and Sida comigata are prevalent in the driest of the community.
Rare arc Zygaphyllum fruticnlostmi, Kochia aphytla

% Russia uniflora t
Crvptundra

award var, lougifloru, Hakca Icucoplera, Acacia coUctoidcs, A, spincsexns. Dodo-
aaat attetmata, Rhagodia gaudichandiana, PimcHa gfauca, Lotus uuxtraHs and
Hclkhrysum rcfufnw, Nicotiana ghmca occurs along -creeks to the foothill plains.

In the blue gum country near Keyneton there arc une or two very minor
occurrences of L. odorafa. on residual lateritic hills. These isolated hills have 3

capping of kaolmitic material containing ferruginous staining^. Associated with

the peppermint gum on one such hill Callisicmon ierctifalius was recorded. This
constitutes a new distribution for the species which is normally found in the

southern Flinders Ranges. The parasitic Cassyllia mctanlha was abundant on
ihe CaUistemon.
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As in the blue gum community, grasses and medics form a fairly well-

balanced pasture. Clovers, however, are not so prominent, Stipa xHiruibitis and

Otltitiioniit seniiannularis dominate the sward, hut in the drier areas the spear

grass is more prominent Usually associated herbaceous species are Erodium
hotrys, Viltadinia triloba and Hordcum hporinum. Common species are

E, cygnnrum, Avctui faU<a t Mcdh'ago irnncuhta, M, hispida and M> minima.

Sckismus barbatns, Erodium cicutarimn, Enneapogon nigricans, Hypochacris

raduata, Rhagodia nutans* Aristida bchriana, Auguillaria rfioica and Bulbinc

bntbosa are fairly common.

The following species arc rare; Alnplcx wuclleri, DiancJla rcvohila, Salsola

kali, Aira caryopltyllca, Euphorbia dnimmondii; Cryptoslcmma calendulaceuni,

Vulpia myuros, Ranunculus lappaccus, lleliclirysum ap [dilation, Hcliptcrum
jexseuii, Trifolium arircnse, 7\ onguslifolium , T. lomentositWi Chcnopodium
carina!um, Thenicda australis, S. ercmaphUa, Tricluniuiu spafhulalum, Stipa

elegantissima, Flantago lane volata* Scirpus sp., Convolvulus erubescens, Bromus
rigidus, Brisa maxima, Lolium subuloUan, Clematis micropliytla, Wahlenhcrgia

sp„ L.epidium hyssop ifolium, Sonciius ohvaceus, O.rulis cornicuhita, Sclcropoa

rigida, Scnccio lantus, Tnchiniunialopecuroideuni, Dichopogonsirictus, Erechthilc*

quadridentata, Moraca xc-rospatha var. nionophylla and Chcitanthcs tenuifotia.

l.omandra ntifltjfl.ora and more rarely L. dura occasionally give a charac-

teristic appearauce to the community by forming a layer beneath the trees.

Of the weeds, Echinm plantagineum is again the most widespread specie*.

Very common also are Sahw vvrbenaca, Roniulea rosea* Oxalis cernua and
Onopardon acuule. The following me rarely found; Lyriuin fcrocissimuru,

Solanum nigrum, Marvub'imn vulgar?. , Carthamus lanaius, h'ocmculum vulgarc,

Onopordan acan/hium t inula graveolcns and Hdiotropium eurupaeitm.

Generally the pastures are similar to those of the blue gum country, but in

the drier portions of the habitat certain changes take place. The red gum
and blue gum associations contain few shrubs, and those that do occur

are wrlerophyllous and generally of little fodder value. In the foothill

plain portion of the peppermint habitat, however, several palatable shrubs

occur. These are Kochia gecrcjei, Rhagodia poraboliea, R, crassifolui f Cassia

sturtn, hnchylacna tonwntosa, Bassia uniftara and Rhagodia gaudichaudianu.

Among the grasses Lhc more drought-resistant Stipa 'Ziirinbilis becomes more
prominent than Danihonia svmktnmdaris, Clovers, grasses like Bromus rigidus*

and other plants Mich as Crypto.vtcnnna calendulaceuni, which are important con-

stituents of the natural pastures of the higher rainfall country, become rare. At
the same time more drought-resistant fodder plants like Schisynus harbatus and
Erodutm cyynormn come in to take their plica Ahdicaga minhna, the must
drought-resistant of the imdics, is prominent. Species like E:n)tcapog>jn nigricans

and Satsula kali
}
which have such a wide distribution in the arid country and winch

grow following summer rams, become conspicuous.

These changes are seen only iu the driest of the community. On the dopes
of the ranges, where ihe rainfall is higher, the native pastures are very similar

to those of the blue gum association,

(5) LoMANDHA MULTIFLORA - L. DURA association (pi. Ill, fig. 1).

This community lias received no attention since Wood (13) mentioned il9

occurrence, The habitat has a rainfall of 10£" to 18" per annum and ranges

from 1,500-3,000 feet above sea level, In these highlands frosts are common
during the winter, while light falls of snow occur very infrequently, The
region is rough and hilly, bur the Lomavdras also extend across the broad

valleys between the ridges. Their der-^ity, however, Is lower in the valleys and
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the community here assumes more the characteristics of a grassland. It is ditricidi

to say whether Lonwndra was originally as prominent in the valleys as on the

hills, but it probably was not. However, reports of the early surveyors sometimes

refer to black grass or tussock grass in places where little or no Lonumdm can

be found ioday, but their reports generally only distinguished between arable laud

and stony grazing land.

The association docs not occur elsewhere in the State and does not extend

far beyond the northern boundary of the area mapped, but it docs extend further

to the west, A characteristic of the commuuiiy is the general absence of trees, but

th?rc are some* local occurrences of Eucalyptus kitcoxylon, E. odorala, Casuanna
shicta and Callitris propinqua. Where these species occur there is no change in

the understorcy except perhaps iti its density. The treelessness of the area, which

is definitely supported by early survey reports, is difficult to explain. Neither

soils nor rainfall appear to be limiting factors for tree growth., since even the

skeletal soils might reasonably be expected to carry sheoaks-. The rare occurrences

of sheoaks in the area are on such soils. Jt appears that the only factor which

could perhaps be limiting is temperature. No difficulty* however, is experienced

in growing various species of cucalypts around farm buildings in the area, but

(he seedling's when young are given protection which they would not receive under

natural conditions.

Throughnut most ot the association L. dura and L. wultiflota occur as co-

dominants, but in the drier phases of the community /.. nntltiflara occurs alone.

Towards the eastern boundary of the association east of Jlallett, CrypUindra

aineira var. longiflora is a prominent species, while Triad ja irriians replaces

f.omundra on one or two hills south of Hurra. Associated wuh the Triodia ;s

Xanthorrhoca ([uadrunguioia.

Shrubs and under^hrubs are not a prominent feature. However, in drier

areas Koclna aphylla is frequently abundant, in depressions in the valleys, while

K, gcorgci is common and AT. brrvifolia rare. Hakca hucoptrra
t
Acacia oswuldii,

A , tiguloUi, Lyciutn uustrale. Eremop Jdin longifolia, Enchylacna lament osa,

Rhagadia spincscens, Cassia sturtn, C. crcmophda var. platypoda and Bassja

umflora are only found adjacent to nnallec. Nkotiana glanca is associated with

creeks in drier parts of the habitat. Acdchi Victorian and A., colletoidcs rite

restricted to the country north of Whyte Varcowie in this community, On the

eusrern slopes of the hills near Burra, Ndraria setwberi is an early colonizer oi

badly cn-ded land. In addition to the species listed above from drier localities,

Acacia spmescens,, A, pycnatilha, A. arnuita and l*imdia glanca are very rare else-

where. Bursana spinosa and Sida corrugata are more widespread

Herbaceous planlrv are the most important members of the community Stipu

variabilis and Danihauia semiannulari.\ dominate the sward, Usually associated

herbaceous species are Vittadinia triloba, Erodium botrys, Ahiplcx muvtkri, Stipa

crcinopliHa, Med'cago hispida and M. minima, J.ess common are M. irnncuhitu }

Avcna fahu?, / 1 eHptvrnm jesSeniL Atr'tplc r cdmpanidatnm. Wahlcnhcrght sp.,

Euphorbia drum/inondii and Arisiida ludiriatia, Lcpidium hyssop!folium, Erodium
cvgnornnij Eniumpognn nigricans, Convolvulus erubescens and llordvum

leporinuin are fairly common,

The following species are rare ; Trifoiium fomentssum. T. arvense, j
'.

aaguxtifoliitut, Jfvfu hrysiwi aptiutatnw, Schismus barbatus, G/tVlti corniculata.

Moroca xcrospatha var. vwnophylfa, Erachtfa'tcs quddridentaia, tthagadia nutans.

Bromus rigidus, Vulpia myuros, Stipv elr-gautisshvo., Basski patc-ufienspis. Chow-
podium, cannutmn, Loiinm snbidatum. Didwpogon strictus, Sfurardia ariwstsis,

Jirodimn ciiutarium, Tih-nn-da anstndis, CryplosWmuhi calendulacfum, Atripks
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xemibaccotum, Dianella rcvohita, Tcucrium raccmosttm, KocJua Unncnfosa var.

humilh (only recorded near Tcrowic). Lotus australis, Sonchus olcracens, Bromttx
madrilensis

t .
Anguillaria dioicu, Blcnnodia triseeta, Bassia sclcrolacnoidcs, Zyijo-

phylhnn ummophUum, Lepidospcrma sp., Hypochaeris radicata and Cytvbopogon
rxallatiis (only in creek bed.-).

Eucalyptus largijlorens (river box] fringes two lagoons north of Terowie.
A'Pueldcnbecl'ia cunninghamii is associated.

Widespread and common weeds are Echium plantagincmn, Carihnmus lanatits

and Onopordon acaule. Asphodclus fistulcsus is particularly common near Burra
and Terowie, Salvia verbenaca is fairly common, Another species, 6*. celhiopis,

occurs near L'looloo.

Rare weeds are Xmithtum spiuosttm, Marrubimu rulgarr, Imdn gravealens,
Lycium ferocissimuut, Ifclwlropium curopaeithi, CilntUus vulgaris, Cxnara
((irditticulrts, Solatium nigrum, O.valis cerium. Sisymbrium orientate arid Malva
pannflora.

The f.omandra community has a wirier rainfall range than any other assoda-
lion in Hie area studied, and as a result pasture species which are important in the
higher rainfall portion? are frequently unimportant elsewhere and vice versa.
Furthermore, the pastures vary considerably in density. In (he highest rainfall

areas, under judicious grazing, there is a fairly good ground cover, but north of
WhyU: Yarcowte the pasture is \^ry uneven with many bare areas,, associated with
which are scattered surface stones.

The lists of species and their frequencies of occurrence as given above are

for the association as a whole. An examination of the distributions and
frequencies of the species shows that from the pasture viewpoint the area can be
divided into two regions, the dividing' line being approximately the 14" rainfall

isohyei This corresponds to the rainfall at which L, dura ceases to be as pro-

minent as L, rmdtijlora. Tn the region which has a 14-18" annual rainfall Dan-
tlwnia scmnwnulariSj Siipa variabilis, Eradium bt.drys. Medicago hispida, M. (run-
entala, Siipa ercmophila, Bromus rigid.us, Aristrda be.hriajia, Avraa falua,

Motdcum leporinuni, Cryptostcmma ealcndulaceum- and Erodium cieutorinw arc
the most prominent species in the pasture. Less common arc Thcmcda cntstralis,

Salsola kali, Enneapogon nigricans and Airjpfcx nutellcri, L. dura is grazed but
the harder L. maUiflora is inedible.

In the HH-14" rainfall region Stipi variabilis is more prominent than
Danthovki scwiannularis; there is much less Medicago hispida and M. truncidata

>t

but hL minima tends to take their place. Medics, however, are absent in the driest

of the area. Orber prominent species are Erodium bolrys, E, cvgttorum, Siipa
ercmophila, Sctiismtts barOatus, Convolvulus erubescent and lihagodia nutans.
Enneapogon- nigricans and Salsola kali arc more common, while there is less

Aristida b*hriunn and Av?na fatna; Atnplcx cainpanvluinw largely replaces

./. miuilrt'L Similarly, tbere is less Echinni plnntagincum
, but in this area and all

the communities where it occurs on the drier side, this plant mu.-.t be regarded
as a useful fodder species. Kochia gcorgci is a useful fodder shrub.

The malice tynnmunitks.

The area discussed in this pnper is an ideal one for a study of Ibe mallee
cnrnrnnnUies because the associated soils are fairly uniform throughout, there is

an absence of sandhills which cause local variation in soil moisture content, and
.he annual rainfall decreases from west to east through the habitat. A study can
bus be made of |hc effect of variations in rainfall under comparatively uniform

eilapliie conditions.
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Three plant associations whose dominants arc eucalypts with malice habil

occur in the area. E. anceps-E> dumosa association is found on brown solonized

soils in the 12-14V annual rainfall zone. With slightly lower rainfall (](H~12")

tins community is replaced by one dominated by S. tmiehycaly.r var. chindoo and

E. oleosa, With lower rainfall P.. brarhycalyx disappears. The most xcrophyric

community is the E. oleosa- E. gracilis association which is found on brown

solonizcd soils in the S-1(H" annual rainfall zone.

(6) E. a^ceps-K. dumosa association.

Only a few remnants remain of this association in the area studied, since

most of "the land formerly supporting it has been cleared for wheat-growing.

Even where the dominants have not been destroyed intensive grazing has removed

the associated species. The habitat is characterised by brown solonizcd soils

which, on account of slightly higher rainfall, contain less lime and are of greater

depth than the soils carrying the other two mallee communities.

Occasional trees of ~Myoporum platyearp urn, CalUlris propingita, and

iiutitrya sp. are-scattered through the inaJlee, while Pittosponun phillyrcoidcs and

HiierodcndYon otrifolium are very rare.

ll is in the malice and drier communities that -shrubs become really important

ronvutuems of the vegetation. Sclerophyllous shrubs are an important element

in the scierophyll forest formations of the Mount J.city Ranges, but the high

rainfall communities in the area being discussed in ibis paper are essentially

.avamnh woodlands in which shrubs are of rare occurrence.

The following shrubs and undershruhs are common : Rhagodia parabolka.

Acacia hnwhybotrya, Enchylaena tomcufosa. Cassia slurfii, C\ crcmoplvhi var.

plolypnda, Bassia' u niflora, ' Kochia hrevifalia, Melaleuca puhescens, Dodonaca

altnuwfa, Kochia gcorgci and Cassia crcmophilo, Fairly common arc Acciaa

coltetoidrs, JVcstringia rigida, ZygophyUum frutkulosum and Rhagodia crassifoHa,

while Grcvillca hutgelii, R, sphiesaUiS, N. gaudichaudiana, Sida corrugata,

Eremophita longifolta and Acacia oszvahlii are fairly rare. -Rare arc Kochia

aphylhi, Russia parvifiora, Acacia calamifolia, A. ligulala, A notabilis, Olcaria

ftoribanda, Bursoria spinosa, Ercmophila divaricata and Atriptex rhagodioides.

Mitchlrnbcckla cumtinghamii grows in swamps.

Dominant herbaceous species are Stipa variabilis and Schismus burhattts.

Usually associated herbaceous species arc Danthouia scmuuwutaris, Mcdicago

m'm'uuli and M. hispida. Sal-sola kali> Atriplcx mueUeri and ViUadima triloba are

commonly occurring plants, while Erodium botrys r
Rhagodia nutans, Jlordmm

trporimmt, Convolvulus erubesccns, Sisymbrium orientate and Erodium cygnorum

are less common. Rare are Wahlcnhergia sp., Stipa etcgantissjwci, Euphorbia

druinniotidii, Oxalis cornkulata. Arena falua, Lomandra nndliflora, Tencrium

raccwosunt, AnguiUana dioica, Cryplostenuna calevdulaccum, Euncapogon

nigricans, Atcdicago truurnlata, Lepidhw hyssnpifolhtm, Diandla rrvolutu,

Trichiniuvi spalhulatmn, Hclkhrysum apiculalum, Cynodon dactyhm, Nico-

iiana sp., Atriplcx snnibaccatum/A. campanulatum, Echium plantagincum and

Bassia sclerolacnoidcs.

Cassytha tuclanlha is parasitic on mallees and shrubs.

The following weeds occur in the community: Onopordon acaule is common;

Hcliotropiuui curopaemv. Salvia vcrbcnocay
dtruflus vulgaris, Lycium fcrocUsi-

mum. Inula gmvcokns, Reseda tuteola, Oxalis cernua, Carihamas laualus and

Focniculum vulgurc are rare.

Of the eleven common sbuibs present in the community, five are good

fodder specif. These are Cassia sturiii, Kochia georgei, Rhagodia purabolica,

Enrhvlacuu totnentosa and Btf*m uniflora. C\ sturtii, K. gvorgci and H. uniflora
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are amoug the most palatable of the OfftStOSf bluebnshes and bindyis respectively.
Dodomca attcnuuta is grazed to some extent but is not important, Kochia brevi-
folia h unpalatable and very rarely grazed. Melaleuca pitbc.sccns and Acacia
brochybotrya arc not grazed.

Hhagodia crassifolitt is the only useful species among ihe four fairly common
shrubs. Wcsir'mghi rigida and Acacia colleioidcs are grazed to som^ extent but
are not significant. (Species like D. attennaict and A. collctoidi's are liable to be
grazed slightly when sheep are sheltering among than. Tliey are often eaten up
to the height the sheep can reach.)

Both dominant grasses arc good fodder species. Stiph variabilis germinating
witli summer rains, while Schismns barbatus comes away rpitckly with winter
rnlris but soon dries up with any hot weather, Of the three usually associated
herbaceous species, Dunthonia seminnnnlaris and Medicago hispida are important.
M. minima is less valuable, .since it does not produce as much edible growth as
M. hispida. The summer growing Salsota kali and the winter growing Afriplex
imwilcrj arc useful fodder plants among the common specie*. Vittadinia triloba,
however, is very rarely grazed. All the teas common species are useful fodder
plants, the annuals, Erodhan botrys, £. cygjiorum, Honlcum ieporiuum, and
Sisymbrium orientate growing with winter rains.

(7) Eucalyptus ou-osa-E. ukachycat.yx association.
The dominant* of this community are El. oleosa aud E. brachycalvx var.

chiiidoo. U. gracilis is commonly present. ;i.s a eoduminant The habitat is level
to undulating and is characterised by brown soloni?ed sods.

Occasional trees of Myoporum platycarpwm, and very rarely Ueierodsodron
olcifolhwu Callitris propimjuo, Pittosporum phillyreoidcs and Eucarya sp. are
scattered through the mallee.

Shrubs and undershrubs arc conspicuous in portions oi the habitat and prac-
tically absent elsewhere, depending upon the density of the dominants. Atriplcx
stipitalnm h common in the southern part, while further north, in County Burra,
- f. vfsicarium and A. stipilahtiu may occur together (pi. 111. fig. 2).

Other common species are Bassia mtiflora, Kochia brcvifolia, K. tomantosa,
Enchylaena iontcntosa and Xyr/ophyihtm frnticulosiim. Fairly common are
Z glauecscms, Myoporum desert i, Khagodia spinescem, E, 'gaitdichaudiana,
Oleana muctleri and Cassia sturfii, wliilc Kochia gcorgci, K t tripicra, Grevillcu
hucgetii, IVcstringia rigida, Acacia colictoides, Exoc'arpns aphylla, Melaleuca
pufwsccm, Bassia parviflora and Oodonaea atHHiuala are fairly rare. The follow-
ing species are rare: Eremophila scopari^ E* hngifolia, Rhagudw. parahotica,
Kochia sedifolia, K. aphylla. Acacia oxwnldii, A. brachybolrya, A. nQlabilix,
A. inicrocarpa, Sidu comtgota, Tnnpfetonia cgvno, Casria 'eremophila, C. eremo-
phila van platypoda, Attiplex rhagodioides, Nitraria schoberi

t h'hagoaia crassi-
folia, Kochia Unncvtosa vur. aprcsxa. Acacia cala;nifotia T llakca lcitcot>tcra aud
Eremophila glabra. JJiosaria spinoSa and Kochia pyramidata are v«ry rare..
NicoHaua glauca occurs along creeks and swamps.

The parasitic Cassytha mclaafha is rarely found on the eucaiypts.
Dominant herbaceous plants arc Stipa variabilis. Schistous barbatus, Bassia

sclrrolaenoidcs, Atriplcx cawpanidatum and Zygophythtm ammophihon/ Bosnia
ifccurrcns and Salsola kali nrv usually associated, Erodium cygnorum, Tctragonia
cxpansa, E. botrys and Zygaphyllmn cratalnnt are Fairly rare. TCare are Dun-
thoma semiamtuta/is, tSittadinia triloba, Atriplcx spongiosum, A, semibaccalunt,
A, mucllerl Medicago minima, M. hispida, M t fmncnloia, Mcscmbr\nmthemum
crystailionm, Uordtum Icporviam, Cryptoslemmo calcndufaccmu, Stipa clcr/an-
tixsinw, Uhagodiu nutans, Vidpia niyuros, Lcpidium hxssopifolium, Echium
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plaittagineuni., Sisymbrium orientate, llnncapogon nigricans, Euphorbia drum-

liiondii, DiaucUa revoluta, Tcnctimn racemosum, Chcnopodium descrforunu

Ch ntirxtpliy/Iimi and Trichinium spatludalmn.

Of (lie weeds Cilritlltts vulgaris, Ovopordon acaule, HelUdrophun curapoeum

and Cartlwmus Ityiahts are common. The following arc occasionally found:

Inula graz'colcns, Roundca ro^ea, Marrubinm: -nuhjart\ l\eseda lutcola, Salvia

rcrhanaat, Oxalis ccvuho and Lycinm fc-rocisshmwi:

Eucalyptus lartjijlorens fringes some swamps which occur near Spclan.

Four of the scvfcn common shrubs art; use] til fodder vpccies: Bassio unijlora,

J^n'-Jtvlacna totncnloso, Atriph-x vesienrium and Kochia lomvnlosa. A
t
stipilalum

is unpalatable and practically useless. ZyrjophyJlum fruticulosmu may be .grazed

occasionally bm is unimportant. Cassia sturtii, Rhagodia gaitdichaadiana,

R. spinescens are the only useful f:iirlv common shrubs. Olcav'tu muellcri and

more particularly Myopornm ib'serti are grazed to some extent but are not

important, /.ygopliyllmn glances< en.s is never under any circumstance's grazed.

Sfipu variabilis, Srhisiatts barbatiis, lUtsxia sdcrolaeaoides and Atriplc.x

catapaanialaat are the most fmporlanl of the dominant bcrbaceous species. Zyga-

plnUttm amviaphilum is not graced. Of the usually associated species Scdsola

kali is a useful plant, Hassia decurrens if of value wheu yOutfg. Tettatjmtia

cxpfitiSa
}
Hrodiitm batrys and li. cygvoruiu, all wtMer-growing species, are fodder

plants. Zytjophylhtm arnatuvi is valueless.

(R) E. oleosa-!!, orai'ilts association (
pi. Ill, fig, 3t.

The habitat is -characterised by level plains or genlly undulating country

with brown snlnnized soils. North of Hurra the asocial ion fa found on lower

sloped of hills and in the broad valleys between the ranges. Portions of Hie

valley bottoms, however, are liable to occasional inundation following heavy rain>,

and here Ihe malice is replaced by Kochia aphylla and Acacia victoriae shrub-

lands. On the very shallow brown solonized soils along the River Murray, from

Swan Reach to Morgan, mnllee is i enlaced by sandalwood (Myoponwt phity

royptfiit) and bluebu.dr {Kochia sedifolta). This is due to edaphie aridity.

Further south, at Tailcm LSend. Jessup (7) has shown that mallee-habit eucalypti

are replaced by Casuarimt stricta on shallow soils similar to those in (he Swan
JReaeh -Morgan area. These shallow soils are considered by Crocker (3) to have

bad their sandy A horizons stripped off in a recent arid period.

It. oleosa and E. gracilis occur as codominants, aJthough where Hmestoue is

near the surface H. gracilis is perhaps more prominent. Both species are. about

equally drought-resistant, relic occurrences being found in the arid north-east of

Souih Australia. The cap on the receptacle of E. oteosa may he cither long and

Mpcred into a beak or shortly and bluntly conical. Maiden called the tapered form

];, tnwxcontincntalis* However, all gradations occur from the bluntly conical to

the tapered cap and there is no ecological basis for subdivision into two species,

la this paper, therefore, all forms are designated as IS. oleosa.

The density of the dominants varies considerably, and this aflects the preva-

lence of shrubs. Towards the shallow soil zone along the Klver Murray the

eucaly-pts arc somewhat scattered. Here shrubs are particularly prominent.

In addition to the mallees the following small trees occur: Myoporum plat;^

carptun and more rarely Caljitris propinqaa, C\ giaucu, lleteradcndron oleifolium.

liucarya sp M and Piliosporum phdlyrcoides. C glauca is- found only in County

Kuuberlev in the region discussed in this paper and does not occur south of

1 fallen.

Nurth of lit- eludimda Morgan railway lino Ah'ipter vesieariuut i- ptominent

iti the shrub layer, and in parts forms a continuous umkrsiurey. Tins is par-
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fieularly so on parts of Tuitkillcy. r'audappa and Ketehowla stations. Further

south A. vrsicariitm is replaced by An shpitatnm. In the Sulherrands-Mouni Mary
area Kochia scdifolia is prominent. Other common shrubs and undershrubs are

Zyfjophvllum fflaucvscxns, Myapurum descrti. Acacia coJFrloidcsj Bassia uniflora.

Kochia brcvifolia and K. tripU'ra,

Fairly common are. Tnnplchmia cgrua, A*. lamcntosa, K. iomentosa van
ttppressa, Zygophyllum fruticutositm. P.nchylacna tatncntosa, RhOffnmti spincscens,

R. (/uudirhaudiajia. CralyslyUs conoccphala, Atriplcx rjmyodioides, Exocarpus

aphylfti, Fremophila. scopana, Olcnriu mttrlloi, Lyntw; australc and Chcnopodium
vitvaviaccmn (small-leafed form). Grcrillca Imcgclii, Acacia (Ki;vatdii, Cassia

stur!i!
f
C. crcmophila and C> t'rcinophifa van platypodia Wcstringia rigida and

Bassia parvijiora- are fairly rare. Rare shrubs and undershrubs are A'Hraria

schobcri, Sida corrugata, S. hitxicaia, Hakca Utirapinu, Podonava ath nnakt,

EnmophHa lanyifolia, E. glabra, E. oppos*>tifn{ia t Bvycria tcschrivwdiii, Mela-

infra puhesccas, Kachia pyrau/idafa. Acacia uotabilis, A. lujufata, K. gcorgri

and Rhagodia crassifalia,

Nicotiana glaucas and more randy Kochia aphylht, AJtuddcnhcckia cunniny-

hcivii and Chcnopodium nHrariaccuui arc found in depressions liable to periodical

flooding. The following species have a limited distribution : Olcaria pimcleoidcs.

Acacia vktoriae, A. calanufoiia, Codonocarpns pyratuidalis. Solatium- idlipticurn,

Tricliwium oborahtrn, Rrcmaphila ollcrnifolia and Lepidium tcptopctalum. Of
tftt&C species. C. pyraiuidaiis, E. cdlcniifoHa, .S\ Atipficum, '/'. obovalutn, and
A . -nctariac are found only in ihe' far north of the habitat,, the latter along water-

courses- Oli'uria piweleoides was only recorded east of Terowie. Lepidium
IcptoprUdum is very common south of Morgan.

Dominant herbaceous species are Bassia decurrens, B. srleralacwidt'S, SUpa
t'uyicihitix ami ZycjOph\llum aiumophihini. Usually associated herbaceous species

are <Vriplrx campannlatum, Schismus barbaiits and Salsola kali, while Zygo-
pli \1htui crcnatnm

,
Eradiu m cygaontrn^ Tctragonia cxpansa, Chenopodiiun

dese) lorutn and Clu aiicraphylium are fairly common.

The following species are ran' ; the three medics Mcdicaga rniithna,

M ttispida and M, h'ltnculata which are found only in depressions, Erodiunt

hotrys, Atriplcx mucilcri, A, limbatum,, A. vcilutindlum, A. angulatum, Bassia

paradox**, Danljionia sent inn uuluris, Blcnnodia card^nvaoides, H. tns^ctn, E- cicu-

hO'iuiM, Bassia brachyptcra, if', crista turn, Hahbagia arrajdrra, 1'ragus tutslra-

lianas, llnncapagon n'updeans, Bassia paicnticaspis, Dianclla rcvotula, Sitpa

vtvgantiSsiwa, Eragrostis did$ii> Euphorbia drummondi/i, Loins custraiis var.

pawiflonts, Lepidium hyssapifoiiuu!, Mc.\cutbryanfltcaium crysialtinuni, Alriplcx

sruiiixiccahttu, (roodcnia tyctoplera, A. spongiosum and Sisymbrium orientate.

(\\fl>hop t>yaH exahaius grow*, in creek bed*.

Additional herbaceous species which are found in country occasionally

mandated are Bronius rigidus, Ti'ucrium tacevjosutrt, Sltvrurdia anxnsis.

I^isjaiidium {jrac'ile, Ercchthiles quadridCnialu. rsicoliaua sp.» Viitadhiia triloba,

Pa!xgo\>uai avicularc, Rchiuin plantag^icum, Sanchas otrracciis, Maira parviflora,

Confidentus erubesefns, Rhagodia uv.taas, Oxatis cornicidata, IViddvidnryia &p,

and Ifonlcum Irporinuin.

Weeds which arc found in the area arc Manubhm vulgarr, [nttla yravrolwis,

AsphodAns fistulasus, Solamtm niyrtthi, l.ycimn frrocissiunwt, Cut linnets latuttus,

Rcsvda Inleola, Ccataitrea solstitiulis. C. calitrapa,, Salvia rtrbenaca, Ihdiotropittin

curopanun t
Ciirnllus vulgaris and Xanfhinm spinosntn, Carritiitcia annua was

tound a!oii£ the railway line at Morgan, Many of the weeds occur principally

in depressions which are liable to flooding,
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Only three of the nine common shrubs are useful fodder species: Bassia
nniflora, Atriplex veskaritim and Kochia scd'tfolia. K. triptera is unpalatable

Srid never under any circumstances grazed. Six of the 14 species of fairly

common shrubs are useful plants : Enchylaena foment osa, K. lomeniosc^ Crufv-
Stylis cotmcepliala, K. (omentum vat*, u'ppressa, Rhagodia gaudiehandiana and
R. spinescens. TapplcUviht egena, EremOphila scoparia, Exocarpus aphytla tut.

J

Cheaopodmm mtrarwctntm (small-lea fed variety) arc gw.cd to (fcjtrje extent bul
arc not important, Eychtm austfalc h similarly practically valueless. Cratystyfis
conocephala, which so much resembles Kochia scdifolia in general appearance, i<

nut a.N resistant to grazing as the true bluebush..

The oply really important fodder plants among the dominant herbaceou*
specie:* are Stipa variabilis and B. sderolacnoidcs, while Atriplex cantpanulatunt.
Schistnas burlmiux and Sdsola kali, the usually associated species, are all usrf»!
jriatty.. Insufficient evidence was accumulated" on Chcnopodhtm dcscHorum urd
Ch, inkropltylhtw to enable their palatabiliiics to be assessed.

These stony mallet* areas, which are unsuited to cultivation, produce, more
valuable fodder shmbs than the sandy malice. The herbaceous species, too, at*
more persistent on the stony areas, which are therefore better adapted to grazing
than the sandy malice.

(9) EKH.MonuLA-DoD*TNAEA- Acacia association (pi. ill, figt 4).

On the lugged hills north of Rurra E. oleosa E. gracilis association is only
found on the lower slopes of the hills aud in the valleys between the ridges. Tl il

hills themselves are almost entirely without malice but carry shrublands in whu-ii
the dominants are species of EnnuaphiUt, Dodonaea ami Amd& Wood f}.?J
firaft described the shrubland association.

Dodonaca lolmlata, D t aftenuata, EretnophUa semdata, it. altrrnifolia, Araticf
ca!amif<d.ia and --4. annacea are the dominant species, growing io a height of about
i-jx feet. Triodia irritant i* dominant on parts of tin- Piteairn Range. Rhagodia
parabolka is also prominent. Fairly commonly associated shrubi and nndcrshrnhs
arc Bassia uniflora, Trichwinm obnvatum, Kochia brcrifelia, Acacia pyenaniha and
XygophyUum ghncescens. Rare are Sida corrugala, Bursoria sfinosa, fJeH*
chrysmn retusum, Ernnophila opposotifolia, Cassia eremopkdu, C. crcmophila var.
platypoda, C. arrettiesioidcs. C. sturtii, Enchylaena tomeatosa, Sida petraphtf*>
Kochia tomentosa var, appressa, Rhagodia gaudiehandiana, R. spinescens, Sokrnmu
elliptic n in, Codonocarpus pyramidal'is and Acacia nofubilis. The following species
are very rare: Kochia (jcorgci, Hakea feueoptcra, Ereniophifa loarfifolki and
Nicoliana glauca.

CMitris gtouca, and more rarely ficUrodtUidron (deifolitinh Filtnspanein
phillyreoidcs and Euatrya sp, are small trees of occasional occurrence

Rock outcrops are widespread but in soil pockets the following hcrbaccou-
species are common: Stipe -variabilis, Erodirpn cygnormu, Danihonia setni-

amudaris and Atriplex canipunulattun. fairly common are' Vittadinia triloba.

Euphorbia drumnwndii
t

,
Ere rhi kites iptadridentata, Oxalis eonriculata and Russia

patruticuspis. Seh'mmts barbaitts, Rhagodia nutans, Salsola /*<///, Mrdicwj--
minima. Al. hispfda, IVahtenhergia sp. and Tttragoma cxpansa are fairly rare.
Rare are Atriplex muelleri, Bronius rigidus, Stipa clcgantisshua

} Eehutm planUt-
ginnnn

t Chvnopodium cris/atnm, Arisftda bvhriana, Enneapogon nigricans,
Lwnandra dura, L, inuHiflont, ZygophyHoin crcnatum, Convolvulus erubescent,
A7icOtiarw sp. f Erodium cicularium, Alcdieago truncidaia, Sonchns oicrnccn*,
Coodcnia eyctoptcm, TrUhinhim spathvlatum and Siiptt eremophlht,

Carthomus lauatus and Hcl'udrapium curopac-nm are (he only wmls,
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Tin's community contains few valuable {odder species. Khagodia parabolica,

which is not widespread liut is only a. dominant species fit restricted localities,

is the only valuable shrub among the dominants. The grain of Triodia irritant

(porcupine gnassjj is eaten readily by sheep but is only produced in good years

when there is a SUprjJy of herbage and grass. Some of the other dominants arc

grazed slightly, but none are important. Ttiihinitttn obaviitam and Bassia uuifloia

are the only useful species among the five fairly common shrubs and undmhrubs-
The palatable Cassias appear to have been more common prior to grazing*.

Much of the area is wasteland, herbaceous species being- confined to shallow

soil pockets. The four common herbaceous plants

—

Stfpii rariabilis, Davthoitfa

srmiarinuhris, Erod'nnn cygnorum and Atriphw cawpamdatttm are valuable

fodder species. Bassia patcnticuspis is the only useful plant among the five fairly

common herbaceous species. Oralis cornicuhUa, Ercchlhitcs quadridenhtta., Viifa-

d'tnia triloba and the poisonous Euphorbia dvummond'd being of novalue.

(10) Myopokum pi.atvcArpum - KochiA sk.wkolta associaiion (pi. TV, rig. I).

In South Australia, where the rainfall exceeds 8" per annum, die dominant

trees are usually species belonging to the genus liucatyphts, hut in the more arid

regions trees belonging- to other genera become ihe dominants. M, platycarpum
(sandalwood), which in the malice is only of occasional occurrence, is the

dominant tree over a considerable portion of the north-vast of the Slate, Asso-

ciated widely with it as an undersiorcy is the sallhnsh (Alrjplcx vesicanutn) , but

on rising ground where limestone is near the surface of tlw soil blucbush {Kechio
scdifoliu) replaces ihe saltbush. However, m the area discussed in this paper the

habitat is characterised by soils in which limtj occur? at shallow rleplh, so that

bluebush is the shrub dominant, saltbush 'wing found principally in watercourses,

The transition from blucbush to saltbush dominant communities occur.*, near the

northern boundary of the area surveyed, ihe first .saltbush country being o^
i
J
vtc<i'rn Station.

The occurrence of AT. scdifolia as far south as Blanchetown and Swan Reach

makes (Ins the southern-most occurrence of any hluchush dominant community
in this State.

flctcrodcndroa okifolhun is fairly common, while Encarya sp. and P/."V'-

sporinn pliWyreoides are rarely found, The shrub layer is almost a monospecific

community of blucbush, other shrubs and uudershrubs being comparatively rarely

found. However, Sida corrugulct, S. hUricola, and Chcnopodium nitrariarcmn

(small-leafed form) are fairly common. Kare are Bassia obliqiticnspis, E-itchy-

lacna tomfutosa, Kochia towmtusa var. npprcssa, Rhagodia spincscc)is
f

/?. gaiuli-

rhaudiona, Cassia erenwplula, C. eremophita var. ptalypodn, C. sturtii, .dcaaa

oszvaldii, Kochia gcornri, Lycimn ouslralc, Exocttrpns apliyiJa, llakea latcnplcru,

Eranophila scoparia, E. longifolia, Bct-ssia. iricttspis, and on shallow soils among
rock outcrops Sida pctrophila, Trichhiiuiu ohm'ahtw and Ercmophilu a/rcrttifolia.

Bassia uwflora is only found adjacent to malice. Ercmophihi sturdi is very rare

in the northern purl of ihe liahitaL Shrubs winch are conspicuous in the Morgan-
Ltlanchetown area but which are rare elsewhere in this association arc Acacia
collctoidcs, Templcioma cgena and Myopomm deserti.

In addition to Alriplcx vesicarium, shrubs and undershmbs typical oF water-

courses are Kochia pyraitiidata, A\ brci'ifolia, Solarium elliptic urn, tyicoiiaua

ptaitcn, A carta vi ctotide (rare in north and absent in south) and Nilra>'ia schobcri,

Muchlenbcckki cunititujliamij, Ercinaphila glabra, E. vwcuhrfa, Kochia aphyda and
ChcnapodUtiu nitrariucciuu are found in areas liable lo Hooding.

Dominaut herbaceous species ate Stipa tiitida and Bassia patentiruspis.

Usually associated are T^frogonio sxpaHsu, S'ch hunts barbalus (particularly Oil
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sand accumulations), Saistda kuli, ZygophyUum auunaphlhnn and Russia sclera-

luCuoidvs. while Atriplex rumpunittahun, Lotus ausiralis var. ptwviflorus, Erodiiem

c\Ujiiovnm and ZygophyUum crcnahtm art- fairly common, and Z. wdocarpum.

iiuphorhia drumnwndii ami LUissia tteenryens are fairly rare.

Rare arc Si triplex vetlutincUuw. A, angululuw, Craspedia pleioa'plwla, fitrs.ua

hretch\pt>>ra
t
B. paradova, P.?odium cicutariuin, Bolthugiu acroplcya

f
Enneapogon

nigricans, SlcnapcWlttw lineare. Trichhimm sjuithnhUum, Daciyhn'fenimn vadn-

tans, 'i'ribulus tcrrcstrh, Tragus ausirolhtnus, Ciienapoditan crUtatum, Enpltorhin

ereuKiphila and Atriplex liuibatniu Herbaceous plants 1-ypical of watercourses

and depressions arc Convtdi-ulns cruhescens, Nieoliana sp , Ercclithites qnadri-

derttatu, Jlragrostis dielsii, Blennodnt trisecla, SUpa eremophila. Tench* inra

raccmosunt, Goodenia cycloptera, Marsdira drummondii, Trigonella suuvissima,

Stijw Aeguntisshna^ Lepid'tutn faselculufum, Easptdidinm gracile, MeJimgu hispida^

M, minima, Daniltonia seuiiannuictris, Vitlad'wia triloba, W(dva pom flora, f.cpi*

dtttm kyssopifolfttm, 1.avalera pteheju, Cldoris Intneata, Son fit us oJcraceus,

ti'aiilenbergia sp., Rhagodin nutans, Oxalis eorn'uudat<i
}

lichium planlagineum,

Polygnnntn uTicuJarr-, Atriplex spongiosum ;md in creek beds Cywhopogon
rxidiatus,

Xanthium spinosum is the worst weed occurring in the pasioral country of

vSoutb Australia. It completely lakes charge of watercourses following- summer
rains. Asphodclus fistulosus, although not of wide occurrence, is another had

weed m watercourses. The following weeds are iound principally in water-

courses hut are relatively unimportant Citrullus -oulguris, llclialropium euro-

paeunu Corthamns Icmadis, Onopordon- aantle, inula gravcolcns, Marrubinm
vulgare and Romulra rosea,

With the possible exception of Casitarina slr'nda (sheoakj die dominant

species of the previously diseussed associations have no fodder value. However*
the. foliage of hlypofuui platycarpirm and also Hctcrodcndyon olcifolium is pulled

dunn;*; drought periods for sbcep feed. Hhtebush is an excellent drought reserve*

hut is not grazed to any extent when more palatable herbaceous feed is available.

During good seasons, therefore, no dama&'e is done to the bush cover by increasing

the stocking rate above the carrying- capacity of the average years. Saltbttsh fe

more palatable than hluebush. but a^aiu is riot grazed extensively when grass and
herbage are available. Kochia pyramidato (black bluelmsh) is of no value, Sida
hiiricctla is a useful species, but S\ corrugahi and Chenopadiiun nitmriiu'cirtu

(small-leafed form), while grazed to some extent, are not important.

Apart from A. •t'cskarium, of I he shrubs found in watercourses Acacia vjf-

toriac, which is of rare occurrence in this area, is the only edible species Kochia

bre-iifolia. Solannm cliipUcum, Nieoliana cdmtca and NHyayin schoberi arc not

grazed. Chenopodiutn uitrattuceum is the most useful shrub found in country

liable to flooding.

Alihuu^h the specie?, oi tiastia which are found in the nrea arc small under-

f-hrnhs Lhe\ are regarded as herbage by graziers and arc best considered with the

herbaceous species. Stipa nitida and Bassia paten tieuspis arc the most important

herbaceous plants.. The winter growing Schismus barbatus and Tctruganiu

expamsa and the summer gruwing Salsota kali are important associated species.

ZygophyUum amuwphiluin is not grazed but Bttssia selerolaenoides & of

value. Z. ammophUuni, Z< iodocarjnun and Z. crenulum all grow following

winter rains. Valuable fairly common species are Ah'iplex campanuhUwm and

Erodhtm eygnaruvi. Zygophyllum crrnatnni and the poisonous Lotus australis

var. pan'iftarus ate of no value. U is significant that Loins is spreading in the

pastoral country, since it is an early colonizer of eroded soils.
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Watercourses are the most valuable portion of the country to the grazier,

since here any rains which fall have their tjicj^l beneficial effect and the species

growing there are. among* the most valuable fodder plants. The presence of water-

courses in the north-cast of the State is largely responsible for the higher carry-

ing capacity compared with the north-west. Unfortunately* however, the carrying

capneiiy of (he watercourse is so much greater than the adjacent country in the

same paddock tha: the areas aroxtnd heavily stocked Inn not overstocked water-

courses are invariably eaten out.

Of the plants restricted to watercourses the following are anions the mosl

valuable fodder plants: Mcdicaijo hhpula, M. mndma, Danlhoma semianvularis,

Trigonclla suuvissiitta. Convolvulus ctttbesceus, Chlon's trunvala, Pashalidiun;

tjmcllc, Lirnqroslis diclsii. Soncltus oleracvus. Luvotera pkbcja, Stipa i'legantissima,

H.chhiHi plantaginatnt, Coodvnia cycloptera, Rhafjodia nutans, Alriptcx spongio-

sum and Stipa crcmophda , Of no value arc li'uhlcnhcrffia sp. T Nicotiunu sp. t

lircchilutcs quadridcnlala, Blcnnodio irisceia, Tenerium ruccmnsuw, Lepulhtm
fascicufalutu, Vittadlnta triloba and Oxalis cot'nicnlata. Polygonum aviadore ii

very raiely found. Data concerning Murs'dtv- dmuunondii were conflicting, Marry
other species which are not limited to wal crcourses are ^so, of course, present.

Apart from the deleterious effects of the fruiting bodies of plr.nl s like

XtUithhrm spinnsum in the wool of sheep, the most serious aspect of the growth
of weeds in watercourses is their crowding out of valuable fodder species.

On Braemar and adjoining stations in the area carrying M. plutycarpmn-

K. sedifolia association there are three or four isolated hill* with very small

patches | usually only
,a few trees) of mulga (Acacia anciifa and /(. amura var.

laH folia). These are the southernmost outliers of the muiga communities which

are fouud on hills in the north-east of the State. Atriplex ;wsiamtt;n grows- in

the soil pockets with the mulga, and also, more rarely. Ercmophda alfernifolia,

Characteristic herbaceous plants arc species like Paspalidittm (jracile, Oxolh
coruiculuta, Convolvulus ernbesreus, Tclragonhi cxpansa, Hassia patcnlicnspis,

Sttpa variabilis, Danthonia $citiianuuUrr'is
t
Euphorbia drutamondii ar.d Erodimu

cxyuarum, some o£ which on the plains only grow in watercourses. Notholacna

bron'tiii is common.

Ill) Casuari.va LKinoomiLOiA association (pi. IV, h> 2).

This plant community has not previously been recorded in South Australia.

although Beadle (1) has described a similar association in New South Wales
where Hctcvodnidrou olcifolium is a codominant. In South Australia H , otet-

folium is more prominent W^Jti black oak along the New South Wales hordcr on

sandier soils than those supporting black oak in the area described in this paper.

Isolated societies of black oak are found throughout many of the plant corri-

numities in the arid areas of South Australia.

The habitat consists of level plains characterised by desert loams and brown
sotonued soils.

Tdaek oak vanes considerably in density but where is reaches iu maximum
development it forms a dense scrub, becoming more open towards the limits of its

range with scattered clumps of very depauperate black oak interspersed with open

areas of Korhia sedifolia T associated with which is usually Myoporum platy-

carpitoi. This very open country has not been mapped as black oak association.

Throughot.tr the habitat K. sedifolia dominates the tWdersiorey, but on the less

calcareous soils its plare is taken by K. planifolia and Atriplex vesicarhan. In

watercourses, where the soil invariably contains very little lime, K. scdifolnt is

replaced by A*, planifolia, and, in the ecutrc cf the watercourses, A\ vvsirarimv*
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Hclerodcndron olcifoliunt and Eucarya sp. arc of fairly common occurrence

Piltosporuin phillyrco'tdes is very rare. Common associated shrubs and under-

shrubs arc. Rhagodia spittcscens, R. gaudkhaudiana, Kochia tomentosu ami

Enchylacna towenlosa. Fairly common arc Sida intricata, $, comiguta, Tvmptv-

tonia cgena, Exocarpus aphylla
l
Cassia shtrtii, Chenopodium nilrariaceum (small-

leafed form) and Zygophyllum fmticiilosum, while lOnhia georgei, Acacia colk-

toides and Ernnophila scoparia are fairly rare.

The following spedes are rare : E. longifolia, 11. apposotifolia, £. sfurfii,

Acacia os'iL'aldii, AMplex stiphatum, Myuporum dcserii, Hakca leucoptera, Bassia

tricitspis, tt, uniflora, Cassia eretnophila t C. erewophila var, pUttypoda, Ercmophito

f/fobroj Kochia towentusa v&v. apprvssa and Bassia old-iquicuspis. Sida pclrophila,

Trichinimn obovatuw and Ercmophito alLcrnifolia, which are limited to stony ris*
1*,

and Dodonaca attcnuata and K. tomeniosa var, tenuifolia are very rare.

Shrub species which although nol necessarily restricted to watercourses show
maximum development there arm Kochia pyrnmtdaia , K. brcvifolia, NUraria

schobcri, Nicutiana glauca, Solatium eliipikum and Acacia vlctoriac. Fount] in

local depressions rather than watercourses arc Kochia aphylla, Muchlenhcckk

cunninghamn, Chenopodium iiitraricieawtj Ercmophito macutata and Lycmm
attstrale.

Dominant herbaceous species arc Stipa nitido, fiassia pat^aficuspis and

B. .sctcrotaenoidcs. Usually associated are Solsola kali, Zygophyllum amniaphilum>

Tcit'uyonia expansa, Airiplcx cawpamdotnm and Erodutm cygtwnim* Loins

auslralis var. pandflorns and Bassia decurrens are fairly rare. Rare are Euphorbia

driDnmond'ii, Schism us burbot us, Euphorbia ercmophila, Bassia brachyplera,

B, paradoxa, Stenopclalum lincarc, Enneapogon nigricans, Trihuhts tvrresbris,

Atriplex vdluliueUum. A. augidatum, A. Umbatum, Zygophyllum iodocorpum,.

Erodium cicutommi, Bahbagia acroplcra, Dactylocicniam radulans, Tragus aus-

fralianus and Chenopodium crisfafum*

The following herbaceous species are typical of local depressions and water-

courses: ErodiophyUum Adcri, Blcnnodio tmccta, Vilhidinia lnhd)a
t
ErccthitiS

quad-ridcnlata. Ma'rsilm drumman dii, Nkationa sp., Convolvulus endwsews,

Oxalis comicutaia^ Danthonin scmiannitlaris. Lcpidiuin hyssapifothwi, A'lcdicago

luspidu, M. minima, IVahlenbetgia sp., Trichinimn alopecuroidcum var. vuhri-

fiorum, Paspalidium gracile, Stipa clcganiissinto, Atriplex .spongiosum, Teucrhun

raccmosum, Goodcnio cyilopiera, Eragroslis dielsii, Trigoneila snavis.sinw, Malva

pnrvipora, Sonchus nhraccus, Lavotora plcbeja, Chloris trunccita and Echium
plantagincitm,

Xanthiuin spinosum, f-fcliotropium curopacum, Citrnllus vulgaris, Inula

(jroi^>lru.K, Marrubium zndgara and Solanum nigrum are weeds found in water-

courses. Ln the southern-most black oak country near Morgan, Reseda litfeota

occurs in watercourses.

The branchlets of Casuarina Icp'utophlota are eaten by stock and ihc species

maybe ol some value as a (odder. Jkdlock bush and sandalwood have previously

been discussed. Foliage ol* Eucarya and Pittosporuni phdiyreQidez is grazed.

Kochia plumfolia fa considerably more palatable than A\ .tedifolia All of the

common shrubs and undershrubs

—

Rhagodia spincscens, R. goiuiichandiaint.

K. toitumtosa and Enchylacna tomentoso are useful fodder plants, Of the iuirly

common species Cassia sturtii and Sida iutricata are palatable. S, vorritoata,

Tcmplclonia cgcna, Exocarpus ophylla, Zygophylhon fr?Uiculosnm and Chntto-

podium uitrariaccum (small-leafed form) are grazed to sutnc extent but arc not

important. K. y? rgei, a tairly rare species here, is perhaps the most palatable

Of the Kochius, Acacia victoriae is the only edible species among those found



57

principally in watercourses. Chenopodiaui nUrarnieemn is the only species grazed
among the shrubs found in depressions.

Stipa nitida, B, sderalacna'ules and Bassja paU % n(icnxpis are the most
important of the herbaceous species. Zytjophyllum ammophi!am is the
only useless plant among the usually associated herbaceous species.
Of the watercourse plants the foKpwing1 are useful: Convok'ulus erubescent,
Mvdicago hispida, M, minuna, Trichiniuni alopv-cuvaidcwm var. ruhrifforum,
Paspolidiion. <jradU\ Stipa clegtintisshna, /VripJcx spmiijiosaw, Goodctiia c\dop-
tcra, liTurjrostis itidsii, Trigonclla suawssinw* Sovchus oUravens, Livvati'ro

pfcheja, Chloris truncaia, Danthonia mnknvndaris and Echiunt ptunfaylneum.

Effects gEp Qvicuo-RAzikt. tjte Aru> Plant Communities
When stock are introduced into any country the plants are naturally con-

sumed in their order of payability. The most palatable species are consumed
first, and unless the country is stocked judiciously eventually only the unpalatable
plants remain. Frequently the unpalatabiiity takes the form of spine develop-
ment, excessive hairiness or the accumulation in the leaves of unpalatable chemical
•uib.-tauces, Young plants of mulga and sandalwood growing during drought
times when little or no fresh growth is made are not eaten by sheep.

A similar formation of unpalatable chemical substances mu«f be the cause
of the inedibility of plants like Kochkt iripiera, Zyr/ophylljun apiatlatum,
Z. ammophdum, etc. However, in heavily stocked country the very survival of
the plants depends upon some quality which protects them from the grazing
animal.

Through the black oak and sandal wood-bluebush country, the principal
fodder shrub is the hluebush (K. sedifalia). The florisnc composition c-f the
pastures has almost certainly been greatly modified by stocking. Areas which
now are almost pure shrublands of hluebush probably At one rime carried other
WOT? palatable shrub species. It is now impossible to assess the original com-
position of the pastures, but there h ample evidence that Castas were at one
time far more common. The dead .sticks of these species fcrfc found where few
living plants remain, and areas frum which sheep are excluded often produce a
dense growth of (.'us.uu.

As a rcsuli of competition lor moisture, uuthinucd stands of bhiebush rarely
contain much herbage and grass. Grazing, with resultant reduction in the
density of

^

the bush, causes the appearance of binrlyis, principally Russia
putsntictt.spix following winter rains, and spear grass- (Stipa tutida) following
summer raitu-;, Eventually overgrazing resulls in complete destruction of the
hluebush (pi, IV". rig. .*). The land has tfieti lost its protective cover and the rate
of soil loss is- greatly increased. On Lhe sandy loam and loam soils Overlying
heavier textured subsoils, loss of th? surface -sail brings about serious consequences.
The exposed subsoil docs not readily absorb water and constitutes a very poor
.-eed bed (pi. f\\ fig, 4). Formation of gutters ou sloping land, result? irorn the
lack of plant cover and the increased rate :>f run-off of water, much of which is

now lost by evaporation from swamps inlo which the Avatercourses drain. The
hindyi and spear grass tack the permanency and drought-resistance of the hluebush.
Heavy winds and the blasting action of wind-borne sot! particles are capable of
destroying the patchy ground cover of herbaceous species in surprisingly short
time.

On the scalded areas the most important pioneer plant is Sida httricata. As
has already been pointed mil, the poisonous Lotus is also an early colonizer on
bare areas. The inedible NHraria tehobtrt is likewise spreading on exposed sub-
soils In the north-east of ihe State. This specie- normally grows itt somewhat
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s:i1|ik watercourses and swamp? and Jg spxtfqi] on the eroded areas is due
.

lo the

somewhat higher salinity of the subcuils a> compared with the parftM s01 ' 5 - !*

some areas Nitraria has completely taken charge., and by its spreading habit 0.

growth has almost entirely excluded other species.

In the north-west of" South Australia, in Ihe myalbbluebush country, over-

fettOfr" and destruction of the hluebush results in its replacement, under certain

conditions, by K, pyromidata (black bhiebush), wfateh is a Tree, seeding, unpalat-

able species. The black bhiebush plays a very important part in the degeneration

of the pasture since it still affords excellent protection to the soil. Unfortunately,

however, the specie* does not grow to any extent on the shallower sods with

their accumulation of lime near thv Mtviaee, such as are round in the north-east

where A*, pvnimktafa is practically restricted to watercourses. Here the soil

contains little lime. Restriction of K. pyramidata to watercourses m the uonh

ea^t does not appear to he due to soil moisture relationships, since the species does

-row on higher ground where the lime at at greater depth and also on stony lulls

with a thin cover of soil and no moisture-holding subsoil. Further, K. pyranudald

is absent on highly calcareous soils in areas receiving comparatively good rainfall

lor bhiebush country.

As a result of the absence of a A.', pyravridata stage in the degeneration of

the i:. scdijulia dominant pastures of the north-east, the destruction of the blue-

bush presents a much more serious problem than in the north-west of the State,

A study of the arid flora indicates the folkrwing points with regard to land

administration;

(1) The fallacy of any feed carrying capacity. This should he a fluctuating

Value assessed each year, and win depend largely upon seasonal conditions.

(2) The importance of rigid control of stock numbers during times of drought

when herbaceous plants art; absent and the perennial hush is tinder climatic

stress. Loss of bush invariably occurs during droughls because of the

excessive grazing \\ receives.
t

\3) Increase of sheep numbers in gOOcl years above the carrying capacity <H the

'

average seasons should be permitted. When there is an abundance of

herbage and grass, sheep 4o not harm the less palatable bush cover.

(1) The fallacv ot spelling paddocks, which have lost completely their sahbush

or bhiebush. Unless seed is re-iutroduccd when there is ?i cover of bindyi, etc.,

un the land, a permanent cover can never he re-attained. A temporary

cover of herbaceous species may result, only to dry off and be blown away

Such herbage might just as we'd be utilised.

(5) The bhiebush (k\ scdifolia) country of the north-east of the State requires

careful examination from time to lime to determine whether the bush t* being

overgrazed, it is important that here a sub-stage of black bhiebush is iackiug

when deterioration in the plant cover occurs. As a result the dangers of soil

instability following overgrazing are much more serious than on the sandy

brown soloiiized soils of the north-west of South Australia, where killing of

bmebush often results in its replacement by black bhiebush,

flJJ The importance of spelling paddocks that still contain bush before all seed

plants arc destroyed. When the bush cover is obviously becoming thin, stock

should be removed (in good years) to enable seeding and seedling establish-

ment tfa take place.

(7) A balance between herbaceous plants and perennial shrubs should be aimed

at. Moderate grazing if beneficial, in that it causes pruning of the bush.

Some i binning of the original bush cover is on some country desirable to

promote the growth of herbage. Through competition for moisture, closed
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communities of hush proliibit the growth of herbaceous plants (and also the

establishment nf bush SfittdKiTgf);

(fij Carrying eapaciiy should not be determined solely on area of country but

also on the numbers of waters, awl particularly an assessment of the condi-

thto of the pastures, quantity and types uf fodder plants, Increased number
and correct spacing of waters in many cases would enable the more uniform

,£rnyJn£ of the country and lower the concentration of stock about existing

waters. Large numbers of sheep in a large paddock, with only One water,

results In severe, overgrazing and trampling of bush and ils ultimate removal

around the waier, and progressive .zones of less intensively grazed bush for

a radium of 3 or 4 miles, the normal grazing range of sheep in this country- It

is only during the winter when the Sflieep do not water or following heavy

rains in the summer when swamps, ciaypans., etc., are full, that the portions

of large paddocks furthest from water are grazed.

(9) Those responsible for land administration of pastoral country should be able

1o recognise at an early stage indications of degeneration of the plant cover.

If we are going, to stock the country for long-term economic returns we
must of necessity sacrifice some of the most palatable plants, but at a certain

level which can only be ascertained by a study of the plant communities, an

equilibrium between stock and plants should be maintained. In the bluehush

country of the north-cast the best single indicator of condition of the plant

cover is the biiKryi, Bassia patcnticusj'is, A high frequency of occurrence of

this specie^ Indicates excessive stocking.

The Dtstrt button of the Spectes

A plant association is made up of species whose clinian'c and edaphic ranges.

nt least in part, coincide with those of the domiuant. The dominants are

frequently more specific than the associated species in their requirements, par-

ticularly the moisture status of the soil, so thai the associated species ofien have
a wider distribution. When the environmental conditions required bv the

dominant are most like those of any associated species, the species reaches its

maximum development and has a high frequency of occurrence in the associa-

tion which takes its name from fhnt dominant.

In the area considered m this paper the sifting effect of declining rainfall on

the botanical composition of the plant assemblage is ideally studied. As the

species approaches the limits of its rainfall range on the drier side it gradually

becomes less common and eventually drops out altogether. Tt may, however, occur

under more arid conditions in restricted favourable habitats such as watercourses,

swamps, etc. 'Ihe result is a localised collection of plants typical of higher rainfall

country.

Some specirs have a very wide distribution beyond the lower limit of their

rainfall requirements in these fjpec'dliKed hahiU\ls, while others disappear rapidly.

Not all the plants growing in walcrcourscs and Swamps are outside of their normal
rainfall range. Spetics like Trignnrtla siuwissima and Erodiophylluin etderi only

grow in swamps and watercourses. The upper limit of rainfall of the species

appears to he determined by competition rather than the appearance of any other

limiting factor. Other more vigorous plants which are better fitted to the environ-

ment take its place.

In Table VIJ1 which sets out the distribution of all the species which grow in

the area, an attempt has been made to define some of the total rainfall require-

ments of the plants. This is a first approximation only, since the physical texture

of the soil, slope and evaporation have a l-digjc measure of control over the moisture
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available, Thus on sandy soils a species may be found tinder condition.*-- of lower

raintali than on heavier-textured soils. Similarly, a species which normally has

a certain upper limit of rainfall may he found in somewhat higher rainfall country

under certain conditions. However, the important point in both -cases is lhat the

moisture available to the plants in these ''specialized" occurrences is at k similar

level to that in their normal rainfall ranges. Thus the species may grow under

conditions of higher rainfall than normal on steep slopes or shallow soils whete

there is some measure of edaphic aridity.

Plants growing in any area in equilibrium with their environment give an

indication of the moisture status of the soil. For 'example, the occurrence of

red gums along creeks in arid areas indicates that the moisture status in the root

zone of the red gums must be at least equivalent to that in the red gum dominant

country near Kcyneton, where the rainfall is in excess of 23" per annum.

A knowledge of the rainfall requirements of the plant species will enable the

construction of maps showing isohyets of soil moisture availability, and in areas

where few rainfall recording stations exist but where the plants and their normal

rainfall requirements are known a consideration of the environment will enable

construction of more accurate maps showing rainfall isohyets.

The following notes were made on the distribution of the species.

Erodiophyllum elderl is not found south of Braemar, and in fact is very rare

in the area. It is a species found in watercourses and flooded ground in portions

oi* the north-east of South Australia.

Kochia plumfolia does not occur south of Kia Ora.

Casuatina lepidophlaia, near Whyalla, is a dominant species in an area receiv-

ing 10" rainfall per annum. Societies of black oak are found in somewhat higher

rainfall country.

Doctytoctcn'mm radulons does not occur south of Braemar and is rare in (ho

area, since, it is on the southern limits of its range.

Ercmophila sturtn is restricted to the country north of Kia Ora and is rare

in. the area, since it is on the southern limits of its range.

Zygophyllnm iodoatrpwn is found only in the extreme north of the M. platy-

tivpum - K, srdifolia and black oak association habitats.

Chloris truncata and Lavtttcra plebeja are limited to watercourses iu the

AY. pltltycarpum- K. sedifolia and black oak associations, being typical of higher

rainfall country, They were,, however, only recorded in these two associations in

I he area studied.

Trigonrfh suavisshua is on the southern limits of its range in the area and
is of rare occurrence, It grows only in watercourses and swamps,

Chcoopadiutu niirariaccinn: Two forms are found—a large-leafed erect

growing variety which occurs only in swamps, and a small-leafed dwarf under -

shrub which grows only on highly calcareous soils which carry K, sedifolia.

Bohbog'ht aeroptrm does not occur south of; the Kudunda-Morgan railway line.

Alrrplvx rosicariinn does not occur naturally south of the Eudunda-Morgan
railway line, but has been successfully established there artificially. It only grows
in the E* oleosa -II. hrachyctilyx and E. oleosa — gracilis associations adjacent to

A{. plalycayfum - K. sedifolia or black oak associations,

Myopontitt desrrii, in the area discussed, does not occur in country which
receives more than V2 f' of rain per annum,

Exoearpits apltylia does not occur in the area where the rainfall exceed* 1.3"

per annum, but occurs elsewhere under conditions of somewhat higher rainfall.

Awcin acitiacea, in the three Oonnties, is restricted to a small area north

i%il ot Terowie.
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Callitris glauca occurs only in the northern portion of the area. It is found

principally in the ranges north-east of Haltett and Terowie, and also in the ranges

on Pualeo.

CodonocarpKS pyramidalis in this area is found only in the ranges north-east

of Mount Bryan.

Eremophihi opposiiifolia does not occur south of the Morgan-Eudunda

railway.

Soiamtm cllipiicum is found only in the far north of the area studied, and

apart from its occurrence in the hills carrying Dodonaea- Ercmophila ~ Acacia

association is restricted to watercourses.

Trichinium obovatum is found only in the far north of the area and is

limited to skeletal soils.

Goodenia cycloptera occurs only in the north of the area. Where the rain-

fall is less than about 8" per annum it is restricted to watercourses.

Bassw obltquicuspis is found only in the north of the area and is here on the

southern limits of its range.

Kochia triptera, on sandy soils, grows in country receiving less than 8" per

annum in the north-west of the State.

Alriplvx siipitaium is very rarely found where the rainfall is less than 8"

per annum.
Sciikmus bvrbatus is found only in watercourses and on sand accumulations

where the rainfall is less than 8" per annum. It is near the extreme lower limits

of its range at about this rainfall.

Acacia colleioidcs does not grow where the rainfall is less than about 8" per

annum. It is found in the M. platycarp urn- K. sedifnlia association and the black

oak country only adjacent to mallee.

Crypiandra amara var. tongiftora occurs from Keyneton northwards through

the ranges to the hills west of Colliusville.

Anyuillaria dioicd was not recorded below 12" rainfall country in this area,

but it occurs in the north-west of the State on sandy soils in areas receiving about

7" per annum.
Exvcarpus cuprcssiformis and Duzdcsia ulicina were not recorded in this area

where the rainfall was below 21" per annum, and Thoinasia pelalocalyx and

Asiroloma htimifusum below 22" per annum. Elsewhere these species occur

under conditions of much lower rainfall.
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T«fe* VIII

Showing the distributions of the plants growing in the area, x denotes the presence
of the species in the association. The associations are as follows :— ( 1

)

Eucalyptus camaldnlensis, (2) Eucalyptus leucoxylon, (3) Casuarina stricta,

(4) E. odorala, (5) Lomandra spp., (6) E. anceps-E. dtmosa, (7) E, oleosa-
E. brachycalyx, (8) E. oleosa- E. gracilis, (9) Eremophila-Dodonaea- Acacia,

(10) Myoporum platycarp urn -Kochia sedifolw, (11) Casuarina lepidophloia.

Eutaxia niicrophylla

Astroloma humifusum -

Pteridium acjuilinum

Danthonia sciacea - *

Cynosurus echinatus

Rumcx pulchcr -

Poa australis -

Drosera pygmaca -

.Lomandra fibrata -

Asclepias rotundifolia -

Iris gernianica -

Ruraex acetosella -

Daviesia ulicina -

Acacia rhetinodes -

Dillwynia fioribuuda

Thomasia petaloclayx

Trifolium subterraneum

(Mu Barker strain)

Rriza minor -

Velleia paradf>;<a -

Bromus mollis

Geranium pilosum

Geranium molle

Drosera whittakeri

Trifolium glomeratum

Stipa drumtnondii

Rosa canina -

Acaena ovina -

Halorrhagis data

Kennedya prostrata

Scirpus sp. -

Aira caryophvllea

Briza maxima -

Ranunculus lapoaceus

Scleropoa rigida -

Cheilanthes tenuifolia

Casuarina stricta -

Pimclia glauca -

Trifolium angustifoliuin

Hypochaeris radicals

Trifolium arvenso

Themeda austral is

Bromus madritensis

Chenopodium carina turn

Lolium subulattmi

Moraea xerospatba

X

SrfJJ V**l l*J Koj yof W ; i^o, K yj t j uj u v) Limtcotraint

lower 23"

X . —
X - „ 24*

X - „ 23"

X •
p.

23"

X . —
X -

.. IT
X •

., 22"

X —
X . —
X . „ 23"

X •
., 23"

\ X »

X X - „ 21"

X X - „ 22"

X X - —
X X . „ 21"

X X • „ 20"

X X » •

X N . - „ 21"

X X • « „ 19"

X X „ 22"

X X • —
X X .

.. 20"

yt X . „ 19"

X X - • -
., 19"

\ X t „ 18"

X X . „ 17"

X X - „ 17"

X X X -

X n; X . » ,. 17"

X. K ± - w 17"

X X X *. —
X X X *

—
X X X - „ 15"

X X X X X „ 14"

X X X X X ,. 14"

X >: X X X „ 16"

X K X 5C X * - r » „ 18"

X X X X X „ 15"

X X . X X „ 16"

X X • . X „ 17"

X. X X X X

X X X X X ., 13"

X X X X X r.
15"
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CD (2) (3) (4) (5) (6)

Onopordon acantbium -

Helichrysum apiculatum -

Avena fatua ------
Anguillaria dioica -

Cynodon dactylon -

Oxalis ccrnua -

Cryptostcmma cakndulacemn

Vulpia myuros -

Lomandra dura -

Acacia pycnaniha - - - - -

Brornus rigidus -

Erodiuni botrys -

Hordeum leporinuui J *- - *

Salvia verbenaca -

Stipa eremophila -

Romulea rosea -

Eucalyptus camaldulensis -

Stipa variabilis -

Danthonia semiannularis -

Oxalis cormculata -

Vittach'nia triloba -

Convolvulus erubescens -

Enneapogon nigricans - - - -

Erechthites quadridentata -

Wahlenbergia sp. -

Echium plantagineum -

Sonchus oleraceus -

Solatium nigrum -

Erodium cicutarium - - - -

Inula graveolcns -

Exocarpus cuprcssiformis -

Lolium cylindricus -

Calocephalus citreus - - - -

Eucalyptus leucoxylon var pauperita

Ulex europaeus -*

Plantago lanceolata -

Clematis mierophyUa -

Senecia lautus -

Bulbine bnlbosa -

Acacia armata -

Cryptandra amara var -

Trifolium tomentosum -

Hcliptcrum jessenii

Dtcbopogon strictus -

Cynara cardunculus -

Foeniculum vulgarc -

Acacia brachybotrya -

Bursaria spinosa -

Helichrysum rerusum -

Triodia irritans -

Lomandra muitiflora -

Aristida behriaua -

Eucalyptus leucoxylon -

Sherardia arvensis -

(7) (S) (9) (10) (11) Limit of rainfall

„ 17"

« 12"

X X X X

X X X X

X X X X

X 7

• 31

X X

14"

12"

13"

12"

13"

10"

12"

14"

13"

11"

23"

8V
13"

12"

10*

14"

12"

12"

14"

14"

13"

19"

., 14"

14-23"

lower 13"

13-22"

lower 16"

11-21"

lower 11"

lower lOi

., 11*

„ 18"

„ H"
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(i) (2) (3) Cfl (5) (6) (7) (8) (9) (10) (U) T

Callitris propincjua

Medicago trunculata

Dianella revoluta -

Rhagodia nutans -

Trichinium spatbulatum

Polygonum aviculare

Asphodelus fislulosus

Onopordon acaule

Carthamus Ianatus

Dodonaea attcnuata

Enchylaena tomcntosa -

Kochia brevifolia

Medicago minima
Euphorbia drummondii
Medicago hispida

Lepidium. hyssopifolium

Schismus barbatus

Salsola kali -

Stipa elegantlssima

Marrubitim vulgare

Heliotropiuin curopacuin

Sida corrugata -

Scabiosa maritima

Rhagodia parabolica

Atriplex semibaccatum

Nicotiana glauea -

Callistemon tcrctifoliu.s

Eucalyptus calcieultrix

Trichinium alopecuroideum

Acacia spmcsccns
Lotus attstralis -

Cassytha mclantha

Lycium ferocissimum

Rhagodia crassifolia

Eucalyptus odorata

Atriplex muelleri -

Myoporum platycarpum

Pittosporum phillyreoides

Kochia georgej k —
Zygophylluni frutieulosum

Bassia uniflora -

Cassia stnrtii -

Kochia aphylla ?

Halcra leucoptera

Acacia colletoidcs

Cassia eremopbila var. platypoda
Rhagodia gaudichaudiana
Erodium cygnorum
Muchletibeckia nirminghamit
I>pidoKperma sp. -

Xanthorrfroea qnadrangulata
Kochia tomcntosa var. limnilis

Salvia aethiopis -

10) <") I.rniFt of rainfall

. , 9-19"

. - lower 13"

• - »
9"

X -
M W

X - —
X • —
X fa ,. 12"

X. .
m 12"

X •
r;

!2"

- X —
x X upper 21"

X X 8-20"

X X lower 12"

Jt X upper 21"

X X lower 13"

X X n r
X X upper 17"

X X 29«

X X lower 8"

X X ., H"
X X upper 23"

X X „ 20"

. . 11—17"

_ ,
9-18"

lower 14'

- • u 10"

10-18"

X X 14-21"

upper 17"

X X „ 19"

X X ,. 16"

X X M 14"

4 X m 17"

X X n
18"

X X upper 19"

X X 11-19"

X X upper 15"

X X &-17"

X X upper 14"

X X n
»•

X % n W
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(1) (2) (3) (4) (5) <6) (7) (8) (9) (10) (11) Limit of ram/all

Acacia ligulata -

Sisymbrium oricntalc -

Eucalyptus largiflorens - -

Cymbopogon exaltatus

Acacia oswaldii -

Lycium australc -

Eremophila longilolia -

Rhagociia spinesccns -

Acacia victoriae -

Nitraria schoberi - - - -

reucrium raccmosum -*

Blennodia trisccta -

Bassia sclcrolaenoides -

Zygophyllurn ammophiluni

Xanthiurn spinosum -

Citrullus vulgaris -

Malva parviflora -

Eucalyptus anceps - - *

Olearia floribtmda

Eucalyptus dumosa -

Eremophila divaricata -

Acacia notahilis -

Melaleuca pubescens

Westrimjia rigida -

Grevillea huegelii -

Atriplcx rhagodiocles

Bassia parviflora - -

Acacia calamifolia -

Eucarya sp. -

Atriplex campanulatum

Heterodcndron oleifotium

Cassia eremophila -

Nicotiana sp. -

Reseda luteola -

Acacia microcarpa

Eucalyptus -brachycalyx

Chcnopodium desertorum

Chenopodium microphyllurn

Kochia triptera -

Olearia muelleri -

Eucalyptus oleosa -

Eucalyptus gracilis -

Zygophyllum glaucescei:s

Mesembryanthemum crystallinum

Zygophyllum crcnatum

Atriplex stipitatuni

Atriplex vesicarium

ICochia tomentosa

Atriplex vcllutincllurn

Myoporum deserti

Kochia sedifolia -

Eremophila scoparia

Exocarpus aphylla

X X

X x

X x

X X

X x

X x

X X

X X

X X

, 14'

X X X X X X 8 „ 14"

X X X X X X X ,. 14"

X . - • X X —
X X . X X X —
X X X B X X X 10-15"

X 4 . . X X X 8-13"

X X • . X X X upper 13"

X , X . X X X 1

—

12-144'

8-15"

lower 9"

9-15"

8-15"

upper 15"

7-14"

9-1 5
v

upper 13'

» M'

lower 10'

LQM?

7-12"

S-13"

8-16"

8-16"

upper 13"

upper 12"

8-12"

upper 12"

,. 12"

„ 12"

12"

„ 12"
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(1) (2) (J) (4) (5) (6) (7) (R) <9)(10)(U) T-imitof rainfaU

Templctonia egena -

Kochia tomentosa var. appressa -

Kochia pyramidata -

Tetragonia expansa -

Atriplex spongiosum -

Dodonaea lobulata -

Acacia acinacea -

Eremophila serrulata -

Cassia artemcsioides -

Callitris glauca -

Codonocarpus pyramidalis *

Eremophila alternifolia -

Krcmophila oppositifolia

Solatium elliplicmn - -

Trichinium obovatum -

Sida petrophila -

Chenopodium cristatum

Goodcnia cycloptera -

Cratystylis conoccphala

Beyeria leschenailUii -

Y-epidium leptopctalum

Olearia pimelioides -

Blennodia cardaminoides

Centaura solstitialis -

Ccntaurea calcitrapa -

Carrichtera annua -

Bassk obliquicuspifc

SMa intricata -

Atriplex angulatmu - - - -

Bassia paradoxa -

Bassia brachyptera -

Atriplex Hmbatum - - -

Rabbagia acroptera -

Tragus australiatuis -

Paspalidium grarile -

Ernjrrostis dielsii -

Lotus australis var. parviflorus

Chenopodium nitrartaccum (small leafed

variety) ------
Chenopodium mtrariaccuin (large leafed

variety) ------
Craspedia pleiocephala -

Lepidiurn fasciculatum -

Eremophila maculata -

Marsilea drummondii -

Trigonella stiavissima -

Lavatcra plebeja -

Chloris truncata -

Zygophyllum iodocarpum -

Euphorbia eremophila -

Eremophila sturrii - - - -

Bassia tricuspis -

12"

1/i"

13"

15'

10"

(

13"

,
13"

8-13"

7-11"

upper IV

, ir
.. 12'

„ n"

.. 10"

swamps

swamps
water-

courses

upper 10'

„ 8'
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(0 CO (3) (<1) f5) (6) (7) (8) (9) (10) (11) Limit of rainfall

Stenopetalum line-are - ,

Tribulus terrcstris -

Dactyloetenium radulaus - ,„

Casuanna lepidophloia - "
,ry,

Kochia pfanifolin -----,.,. *
Iff*

Erodioplivllutn clderl -- ., . / ' 3t courses
Kochia tomentot>a var. tenuifolia - -

Trichinium alopecuroideum var. ru'bri-

florum ----._
• •*>... .a —

EXPLANATION OF PLATES II— IV

Plate II

Fig. 1 E camolduhnsis association, Keyncton. The original pasture was dominated by
Uantlwm® scmuwHdaris and Stipa variabilis but overgrazing lias resulted in
predominance of annuals like Avc.na fatna} IJordeum leporimim, Bromus rujidus and
Erodntm botrys.

Fig. 2 li. Icnco.xylon association, Keyneton. Acacia- pymantha, Stipa variabilis and annual
grasses are the principal associated plants. Danthonia semiamiuhris is also present
but excessive grazing has resulted in reduction in the amount of Danthania and a
bttpa dominant pasture.

Fig*. 3 E. odorafa association east of Keyneton. The principal grass is Stipa variabilis.

Fig. 4 Typical Casuarina stricta association west of Sedan near the eastern scarp of the
ranges. The herbaceous species are principally Stipa variabilis and Danthonia
SiVirianmthris.

Plate III

Fig. 1 L. dttra—L. vnttti'fio-ra association south of Burra. The grasses arc principally
Danthania semiannularis and Stipa variabilis.

Fig. 2 E oleosa—E. hrachycailyx association east of Burra. The associated shrubs are
Atnplcx vesicarimn and A. sHptfatum.

Fig\ 3 E. oleosa—E. gracilis association near Sedan,. The associated shrub is Cratvstylis
conorephala. The bush has been overgrazed and thinned out resuming fa replacement
by the less valuable Bassta decurrens, the plant growing between the remaining bushes.

Fig. 4 nrcmophila—Dodonata—Acacia association near Terowic. Note the rock outcrops
and bare ground largely devoid of herbaceous species in foreground.

Plate IV
Fig. I M. platycarpum—K. scdifolkt association, east of Hurra. The bluebush has been

heavily grazed and the stand thinned to some extent. The grass 15 Stipa nitida.

Fig. 2 Casiuirina hpidophloh scrub north-west of Morgan. Associated with the black oak
is K.scdifoHa which has been very heavily grazed. The grass is Stipa nitida.

lug. 3 Growth of Stipa nitida (spear grass) on country which oringmally carried blucbuslL
Braeraar Station.

Fig. 4 Overgrazed bluebush country. The land in the background has been contour ploughed
to stop run-off of water. Photo taken following abnormally good seasons but the
soil in the foreground has not respnded to the rains. Loss of surface *oi! bv wind
erosion has left a mantle of limestone pebbles on the surface of the soil. 'Plants
in middle foreground are Sida intricata. Paratoo Station.
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AUSTRALIAN ACANTHOCEPHALA

By T. HarveyJohnstonand S. J. Edmonds

Summary

The three species of echinorhynchs described in this paper were collected from birds. One
(Centrorhynchus horridus Linst.) had been previously recorded from the Bismarck Archipelago; the

second, Polymorphus biziurae, is described as new, and an account is given of its larval stage; the

third, Gordiorhynchus hylae, is considered to be the adult stage of a larva described many years ago

(Johnston 1912; 1914) from Eastern Australian frogs.



AUSTRALIAN ACANTHOCEPHALA
No. 7

By T. Harvey Jouxstqn and S, J. Edmonds *

[Read 13 May 1948]

(Fig. 1-20}

The three species of echinorhynchs described in this paper were collected
from birds. One {Ccnlrorhynchus horndus Linst.) had been previously recorded
from the Bismarck Archipelago

; the second, Polymorphus bmurae, is described
as new, and an account is given of its larval stage; the third, Gardiarhynchits
hylae, is considered to be the adult stage of a larva described many years ago
(Johnston 1912; 1914) from Eastern Australian frogs.

Parasite Host Locality
Centrorhynchus horridus (Linst.

)

Halcyon sanctns - - Qld., N.S.W\
Polymorphus bizmrae n. sp. - Biziura lobata - - Srb. Aust.

larval stage - Chcrax destructor - - Sth. Aust.
iiord'wrhyncfms hylac (Jnstn.) - Podarqus slritjoides - Sth. Aust.

larval stage
- - Limnodynastes dorsalis - Sth. Aust.

'* u H$H aurea - - - Sth Aust., N.S.W.
" *. - - - - Hyla cwndea - - Qld.

We wish to acknowledge our indebtedness to Professor J. J& Cleland of
Adelaide; Mr. J. T. Gray of Orroruo, S. Aust.; Messrs, G. G. and B. faensch
of Tailem Bend; and Mr. L. Ellis of Murray Bridge, for assistance in obtaining
material.

Type and typical specimens have been deposited in the South Australian
Museum. No. 6 of this series of papers was published bv us in the Records of
the South Australian Museum, 8, (4), 1947, 555-562.

CextrorhvkciiUvS horridus (von Linstow, 1897)

Some material collected in 1919 by Dr. J. B. Cleland from the intestine of
Halcyon sanctus at Stradbroke Island, Queensland, was examined by us and found
to contain one male, four females and some fragments of this species. The
specimens were not in a good state of preservation and have not: cleared well. They
are long and cylindrical and taper slightly towards the posterior extremity. The
male is 9*3 mm. long and 0'8 mm. wide and the maximum dimensions of the
females are, length 13*5 mm. and breadth 1*0 mm. The proboscis of the best pre-
served specimen is 0*55 mm. in length. It consists anteriorly of a cylindrical
portion, 0*27 mm, long and 0*16 mm. wide, and posteriorly of a region 0*28 mm.
long, the diameter of which gradually increases as it approaches the body of the
worm. The maximum width of this posterior portion is 0*28 mm. We have
not been able to determine the number of longitudinal rows of hooks. Each row,
however, seems to consist of about 14 or 15 hooks. Their shape and arrange-
ment resemble closely those of C. horridus given by Meyer (1932, fig. 102).
The proboscis sheath is about 0*8 mm. long, is double-walled, and arises at aboul
the level of the seventh or eighth hook. Two ellipsoidal testes of length
O"55-0*60 mm. and maximum width 0*35 mm, are situated in tandem in the
anterior third of the male. The cement glands are long, cylindrical and pressed

* University of Adelaide.

Iran?. Roy. Soc. S, Aust., 72, (1), 23rd August, 194S
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fsif I

Fig. 1-9 Palyworphux bhiitrae

h adult male; 2, adult female; 3. proboscis; 4, proboscis hooks 1-3 of each row,

from large female; 5a hook 5, from large female; 5b hook 5 from small male;

6 female genitalia ; 7 eggs; 8 cyst from Cherax destructor; 9, everted male larva.

Fig. 10-11 Gordiorhync hits hykte

10, everted female larva from Lnnnodxmastes dotsalis; 11, some books from larvae.

References to lettering—b, bursa; eg, cement gland; c\v, cyst wall; fo. female

aperture; gg, genital gland cell; la, lacunar vessel; 1, lemniscus; n, neck;

p f proboscis; ps, proboscis sheath; sph, sphincter; sp, Saefftigen's poudh; t, testes;

v, uterus; ub, uterine bell; yd, vas deferens; vs, vesicula seminalis.
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together The male opening is terminal. Uvarial masses varying in diameter from
0*10 to 0*22 mm. are present in the females. The body cavity of two of ifa"

females contains eggs* which arc 36-44 p long and 14-18 /a wide. Wc have not

been able to determine whether they art? mature.

Our specimens agree closely in most details with the description nf

C\ horridus as given by Marval (1905) and Meyer (1932, 119-20). In their

census of Australian Aeanthocephak, Johnston and Dcland (1929, 149) reported

that Echinorhynchus sp. probably E. horridus, had been collected from Halcyon

sancttts in New South Wales by the senior author (Johnston 1910, 105). Tra-

vassos (1926, 58) transferred the species to Proslhorhyuvkns, and Meyer (1932,

119) to Centrorhynchu.s.

Polymorphic bizlurae n,sp,

rig. i-y

About fifty specimens of this parasite in stages of development ranging

from larvae with cyst wall still attached, to adults., have been collected on different

occasions from musk ducks, Bmura lobaia, obtained for us by G, G. and
E. Jaensch, and L. Ellis at Tailem Bend on the River Murray The males and
the younger females are white, but the mature females arc orange in colour.

Both the males and females arc constricted slightly in the anterior part ol

the body.

Adults
The length oi the males is 6*2-9*0 mm. and that of the egg-bearing females

11 '1-18*" 2 mm. The maximum width of the males is 0*8-1 4 mm. and that of the

females 1 "7-2*8 mm, The. proboscis is cylindrical and in most cases it is slightly

swollen in the posterior half. The proboscis of the specimens in our collection

shows considerable variation in length, viz., 0*64-0-94 mm., that of the female

in most cases being larger than that of the male. The maximum widrh of the

proboscis is 0-26-0*35 mm. It is armed with 21-22 longitudinal rows, each of

9-11 hooks. The anterior five hooks of each row bear weli-develnped, posteriorly-

directed rooting processes. The shape and size of some of these hooks in the case

of a large female are shown in fig, 4 and 5a, Fig, 5a and 5b show the relative

sizes oT identically situated hooks from a large female and small male respectively.

Between the proboscis and the body there is an unarmed neck which, when fully

extended, is 0*6-0*9 mm. long. In most of the specimens the neck is wholly or
partly retracted. The anterior part of the body immediately behind the. neck in

both sexes bears a large number of minute spines. The. proboscis sheath is

double-walled and arises in the anterior portion of the neck. Its length is

l*3-2'3 mm, There are two lemnisci which appear to be from one to one and
half times as long as the proboscis sheath. The body wall is thick and contains

numerous small nuclei. The lacunar system consists of two longitudinal collect-

ing vessels from which smaller anastomosing vessels arise.

Twu ellipsoidal testes of approximately equal size he in the anterior half of

Ihe male. Their length is 0-60-0*8? mm., and their maximum breadth
0*28-0*35 mm. Pour long tubular cement glands arise near the level of the

posterior testis. The bursa bears two anteriorly directed diverticula and the male
opening is terminal.

The structure of the female reproductive organ is shown in fig. 6. The
uterine bell is 0"35-0*43 mm. long and the uterus proper 1*1-1*6 mm. leng. The
vagiflal sphincter is double and a gland cell surrounding the female aperture is

in some cases very conspicuous, so thai the vaginal complex then appears to consist

of three bulbs. The female, opening is terminal. Ripe eggs mounted in balsam are

58-65 jt, Ionic and 29-34 ^ wide and are without polar prolongations.



We regard this parasite as a new species of the genus Potymorplius, It

resembles rather closely P. cucullaHts Van Cleave and Starrett (1940, 349) and
P. mutabilis (Rudolphi 1819). It differs from the former in the number ot
proboscis hooks and from Lhe latter in the size and the shape of its egg.

Encysted Form, Juvenilis and Intermediate Host
Our material from B. lohata contains a number of everted larvae of

P. bitiitrae with cyst wall still attached to the parasite. Measurements made ou
one male and otic female larva after mounting in balsam are given below. Fig.

shows an everted male.

We have on a number of occasions obtained specimens of the yabbie, Cherax
destructor, and vabbie fragments from the stomach and intestine of B. labata.

From some of these yabbies and fragments we have dissected out Polymorphns
cysts. Our records show that from yabbies in the stomach -and intestine of
B. lobata or from those collected in the swamps at Tailcm Kend, we obtained in

October 1938, two Polymorphic cysts; October 1939, two; December 1941, one;
March 1942, one; and March 1948, one. Measurements made of these cysts

mounted iu balsam show them to be the same as those cyst walls attached to the
everted larvae of P. bkinrae in the intestine of B. lobata- This evidence indicates

that the yabbie* Cherax destructor, is the intermediate host of P. bwiurae, the

adult form of which occurs m the musk duck, Biziura lobata.

An attempt to infect a yabbie with the eggs of P. bishvrae carried nut in the

aquarium of the Zoology Department of the University of Adelaide gave nega-

tive results. Perhaps the eggs of the parasite after laying require, a period for

further developmem before becoming infective.

Confirmatory evidence, however, that Cherax destructor is the intermediate

host of P. bkinrae comes from the following facts. At Tailem Bend in April

1947, larvae of P. bkinrae along with yabbies were obtained from the stomach

of the cormorant, Microcarbo mclanoUucus. Five larvae with everted proboscis

were also obtained from the rectum of this bird. At the same locality in

December 1947 one cyst of P. bkiurae along with shrimp and yabbie fragments

was found in the gizzard of the spoon-bill, Platalca Havipes
J and three larvae with

fully everted proboscis were found in the lower intestine of the bird. The
cormorant and the spoon-bill seem to be unsuitable as final hosts for this parasite,

since the juveniles found in the rectum of these birds had not undergone any
development beyond that seen in the cysts from the yabbie, although the proboscis

had become everted.

The following table gives the measurements (in millimetres) made on the

larvae from different birds and on the cysts contained in the yabbie.

Cyst in Cherax
destructor

Everted larvae

irom intestine of

Bfsfuia lohata

Everted fa

rectum
curbo tote

rvae from Inverted larvae from
i Micro- rectum of PfattittQ

latwlcucus flavlpes

Cyst membrane ;

mixk female male fema'e male ft*mate

length - - - 2*2 -2-4mni. 2- 4mm. 2*2mm. 2'2mm. 2-fovmi. 2-lmnu ]
* flmm.

breadth - - 0-96-1*1 0-90 0-89 0-04 o-w; 0-92 CM8«

Length of worm 4-4 4.9 4-4 3-6 4-2 4-8

Maximum breadth 0*8 0-7 1-0 11 0*7 0'S>

Frobosdis, length 0-65 0-30 0-67 0-75 n*fi9 0-81

Testes, length

Testes, breadth

0-4

0-2

0-42

0-2 C2



73

Fig. 12-20 Gordiorhynchvs hyfoc

]^r
rt

!°u f TTilc;
i^
13

' ^Lf^¥ H &*#«&* W. *™e proboscis hooksfrom adult female
;

16, proboscis hook, .showing changes fa form of the rooting
processes; I/, l^b, male, showing inner pseudo-segmentation- 18 TS male

showing six cement glands; 19, vaginal complex; 20, eggs.
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The cvsts from the crustacean may have one end slightly wider than the other

and both extremities have a wide shall™ depression, one of which conUrns the

genital aperture. These larvae evert the proboscis if placed in fresh watct. \n

have not found these larvae fa any other am'mal living rtl the swamps.

GoKmnirnvNUHt-S tivlae (Johnston) Johnston and Edmonds

Pig, I0-2O

Four female and two male specimens of this echinorhynch were found in

the intestine of Podargus slrigoidcs at Orroroo. South Australia, m May 193^

by Mr J. T, Grav. The worms arc long, cylindrical and widest m the posterior

region. Both .sexes exhibit inner pseudo-segmentation of the type shown jy

Cordlorhynrhus clitorideus Meyer (1930). The posterior extremity of the female

is much swollen and rounded, and near the female genital opening there is a small

epidermal protuberance. The body of both sexes is smooth.

The length of the males is 48-52 mm., and the maximum width 1-1-1-3 mm.

The length trf the females is 56-81 mm., and the maximum breadth 1-4-Jv

measured just in front of the rounded bulb at the posterior extremity ot the worm.

The diameter of this bulb is 1-9-2-5 mm. The proboscis is small in comparison

wi,h the length of the parasite. Its length is 0-55-0-65 mm., atu
I

its maximum

breadth 0-37-0*43 mm. Its width at the anterior extrenuty is 0-1Z-0T3 mm.

Between the proboscis and the body there- is a short unarmed neck 0-10-0- 15 mm.

lone and 0-30 mm. wide, in the largest female the total length of the proboscis

and neck is 0-75 mm. The proboscis is armed with 26-28 longitudinal rows, earn

d( ten hooks. The first five hooks nf each row are largest and possess well-

devcloped posteriorlv-directed rooting processes. These rooting processes nt

hooks six and seven are much reduced and an anteriorly-directed process aPP^rs.

In hooks eight, nine and ten the processes are anteriorly directed. Fig 15 and 16

show the general arrangement and size of some of the proboscis hooks. Ucta-

sionallv a slight variation m the shape and arrangement oi the hooks m a row u

observable, e.g.. fig. 15, hook 5 a. The proboscis sheath is double-walled and H

inserted at the level of the tenth hook. The point of insertion of the sheath, there.

fore does not divide the armed portion of the proboscis into two parts as is the

case with the genera Centrorhynchxis Liihe 1922 and Gord'wrhynchus Meyer l
u31.

The width of the outer wall of the sheath is about 20 ,l, and its length 1-1-1-6 mm.

In one male specimen the sheath is very much constricted near its middle. The

lemnisci are about 3-4 mm. long. There is one long and well-developed lacunar

vessel from which anastomosing vessels arise. The body wall is thick and consists

rjt an outer epidermal laver surrounding layers of circular and longitudinal muscle

tissue. No nuclei were noticed in it Transverse and longitudinal sections show

that in both sexes an inner pseudo-segmentation is present similar to that occurring

in the female of C. dilorideitJ. The structure of the pseudo-segmentation oi the

male is shown in fig. 17.

Two long and ellipsoidal teste* of approximately equal length lie in tandem

in the anterior half of the worm. Their dimensions are length I -2-2-2 mm. and

maximum breadth 0-42-0-60 mm. There appear to be six tubular cement glands

pressed closely together. Four of these arise near the posterior testes. Die

cement reservoirs are long. The bursa bears two anteriorly directed diverticula

aud the male opening is terminal.

All the females in our collection are densely packed with eggs and ovarial

masses and we have not been able to trace completely the female genitalia 1 he

vaginal complex consists of three bulbs, and the genital opening, marked byj.

swelling of rhe epidermis, is sub-terminal. As is the case in 6. chtondeus the
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ovarial masses develop in the larger, presumably dorsal, segments. Ripe eggs

are ellipsoidal and when mounted in balsam are 54-60 >i long and 24-28 ^ wide.

They are without polar prolongations. The nucleus in some of the eggs seems to

be dumb-bell-shaped.

Systematic Position

The genus, Gordiorhynchus, as conceived by Meyer (1931, 120-22), consists

of Centrorhynchinae with inner pseudo-segmentation in the female and with an

appendix near the female aperture. The sub-iamily, Centrorhynchinae Meyer

1931, consists of these Polymorphidae in which the insertion of the proboscis

sheath divides, the proboscis into two parts. Both the male and female specimens

in our material show inner pseudo-segmentation, and the females possess a struc-

ture near the genital opening which seems to correspond to the appendix of

0\ cliioridras. Internal pseudo-segmentation in male specimens of the genus,

Cordiorhynrhtis, has already been recorded in the case of G. jalconis Johnston

and Rest (1943, 229). The proboscis of the parasites in our collection, however,

is not divided into two portions by the proboscis sheath. The double-walled

sheath in each of our specimens arises at the level of, or jiisl posterior to, the

level of 1he teiuh hook of each row. Wc consider that the conception of the

genus. Gordiorltynrhus, should he wfdened to include cchinorhynchs with inner

pseudo-segmentation in one or both sexes.

Encysted Form

From time to time during class dissections in Adelaide University white

acanthocephalan cysts have been obtained from the mesentery of the frogs,

Lhunodynastcs dorsalis and Hyla aurea. The presence of these cysts in H. aurea

in New South Wales and H. covrnka in Brisbane has already been reported by

the senior author (Johnston 1912, 84-85; 1914, 83-84), who described the species

(1914) as Echhwrhynchus hylae. Meyer (1932, 252) placed the species amongst

Acanthocephala incertae sedis. We have found that in many cases the proboscis

of the encysted parasile can be made to evert if the cyst is treed from the mesen-

tery and placed in fresh water. Fig. 10 shows a female specimen in the everted

condition. The size of the proboscis and the shape, size and arrangement of the

proboscis hooks show that this parasite is the encysted form of the worm which

wre have obtained from Padargns strigoides. The shape and size of some of the

proboscis hooks of the larvae are shown in fig. 11 and are drawn to the same
scale as thost of the adult shown in fig. 15 and 16. The following measurements

have been made on the cysts and the everted larvae. Length of cyst 1"38-

1*70 mm., and maximum breadth 0'45-0*63 ram. Length of proboscis 0*58-

0*63 mm., and maximum width 0*35-0*40 nun., and armed with 28 longitudinal

tows each of ten hooks. Length of larvae 2'1-3'Q mm., and maximum width
0*45-0*65 mm.

It seems to us probable that the adult stage will be found in other nocturnal

predatory birds, since Podargus is not a common bird in the localities from which

infected frogs were oblaincd. Travassos (1926. 43) and Meyer (1932, 117)

mentioned that the larva of Cvnfrorhyntdius tuvnididus occurred in certain frogs

ami snakes.
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CESTODES FROM AUSTRALIAN BIRDS L PELICANS

By T. Harvey Johnstonand Helen Goldthorp Clark

Summary

Three new species of cestodes belonging to the genus Hymenolepis have been obtained from the

only Australian species of pelican, Pelecanus conspicillatus Temm. Our present material was

collected from eight birds, all from Tailem Bend, South Australia, Messrs. G. G., Fred., and Bryce

Jaensch of that town, and Mr. L. Ellis, now of Murray Bridge, assisting us very generously. The

material was obtained whilst we were engaged in other parasitological research work, carried out

with the assistance of the Commonwealth Research Grant to the University of Adelaide. Types of

the new species have been deposited in the South Australian Museum.
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CESTODES FROM AUSTRALIAN BIRDS
I. PELICANS

P_v T. IJ.mut.v Johnston and Helex Goldtuorp Clark '

[Read 13 May ]y48]

Fig. 1-tf

Three new .species of cestodcs belonging to the genus Hymenolepis have been
obtained from the only Australian species of pelican, Peiccanus eonspicillatus
lemm. Our present material was collected from eight birds, all from Tailem
Bend South Australia, Messrs. G. ft, Fred,, and Bryce Jaensch of that town,
and Mr. L. Eihs, now of Murray Bridge, assisting us very generously The
material was obtained whilst we were engaged in other parasirological 'research
work earned out with the assistance of the Commonwealth Research Grant to
the University of Adelaide, Types of the new species have been deposited in
the South Australian Museum.

Hymenolepis murrayetisis n. sp.

(Fig. 1-8)

This cestode was found in four of the eight birds examined. Egg-bearing
worms were 90-185 mm. long by 075-83 mm. in maximum breadth.

"

Segments
are broader than long, but in those which are gravid, the relative difference in
dimensions is less marked.

t«v% Smal! SC0,^X is disliued
-v marked off from the neck and measures

IH7--25 mm. in diameter. The rostcllar sac is 0-08 mm. wide and extends back
as far as the posterior margin of the suckers. The rostellum has 20-22 hooks
of two sizes and differing in shape (fig. 2, 3J the larger being 0*02 and the
smaller -016 mm. m total length (*>., the distance between two parallel lines
placed one at each end of the hook). The hemispherical or ellipsoid suckers
measure 0*08-- 1 by -1--12 mm,

,,„.
11ie

,

UIlil*tt,ral Seated pores lie hi the middle of the edge of the segment
-illipttcal calcareous corpuscles are scattered through the cortex. The ventral
excretory canal of the poral side has a diameter about ten times that of the dorsal

TTdS
' ™ he veqtral cat1al of the aporal side is very much narrower than its

fellow. The excretory ducts pass below the genital ducts.
The testes develop before the ovary. Very early segments exhibit the. out-

lines of the three testes and the cirrus sac, and those with mature testes show
an immature ovary and yolk gland, while in later segments with a well-developed
ovary the testes either are degenerating or have disappeared. One testis lies on
I he poral side of the segment, the other two on the aporal. one gland being more
anterior and lateral than the other (fig. 4). In segments in which the ovary is
just developing, the organs are about 0-11 mm. in diameter. The internal and
external seminal vesicles can be seen most clearly in segments with a mature
ovary and disintegrating testes. The external vesicula is retort-shaped and lies
between the cirrus sac and the testes. Between the two vesicles is a coiled portion
of the vas deferens. The internal vesicle occupies most of the length of the
cirrus sac, and narrows gradually to the ejaculatory duct. The long narrow cirrus
sac, which has a well-developed muscular wall, extends obliquely across three-
fourths of the width of the segment and slightly under the overhanging part of
the preceding segmen t. It measures 0-36- -37 by -08-09 mm, in segments with

University of Adelaide

Ttiuik. Huy. Soc- S. AiurUtt, O), 23rd August, 1948
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Fig- 1-8, Hymcnolepu murrayensis: 1, scolex ; 2, 3, rosteltar hooks; 4, segment

with mature testes; 5, segment whh mature ovary; f>, gravid segment; 7, 8,

segments from contracted strobilae. Fig, 2 and 3 to same scale ; 4, 5,3 to same scale.

esv. external seminal vesie'e: ex. excretory canal; gi>, genital pore; isv, internal

seminal vesicle; a, ovary; pr, prostate glands; rs, receptaculum scmhus; t. testis;

u, uterus ; v, vjtcllavium.
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Ihe only other species of Hymcnotepis with 20-22 hooks, described fromPeecrnnform fords is H medici Stoss.ch, but (be latter has hooks8SS M*and its very large cirrus sac extends below the overlapping part of the precedingsegment to Us anterior aporal corner, and there ,'s no ^orai ex et£y cana!<g*OW* g* *B& /y. jMft Meggitt (1927a) has 24 hooks,' 34-39 .and

2£fi£ ^^f^tr^'f^^^ SWl has morc S« ten hooks
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Hymenolepis jaenscbi n.sp.
(Fig. 9-13;

This species was found in the eight pelicans examined. Egg-bearing wormsZ^&£ e md '62"b7 nm - m ,naxi,m,m *•* with S*38
n,rt

T
Tt

SCO
'^ it"*'

9h
n'nV

39 " 1"' '" diametcr is sharP'y marked ^ Oom thcneck. The rostellar sac, 0-07 mm. wide, and 0*16-24 nun. long, extends back tothe posterior margin of the suckers. The evertrd rostcllum is
:22 bv '025 mm?and has 14 hooks in two alternating series, the larger hooks bemg 0-028 and the.ma ler 018 nun. long ( hg. 10. II ,. The sucker, are about 02 mm. in dialteor 0-14 by -18 mm. ,f elongate. The unilateral genital pores are at or Shm front of. the middle f the segment margin. \b e pLl ve'traflong, d ilexcretory canal ,s about U-022-026 mm. n diameter, while the. aporal and lletwo dorsal canals are very narrow. Calcareous corpuscles are abundant

Ihe testes and ovary appear at abotil |he same time in young segment < but
ihe former tend to persist in segments in winch the developing uterus httdi*
P ared the ovary One testis is aporal, two he m the extreme pustcno, f<™
ut the segment, the other aporal testis lying in front of the ovary They meagre0-064-08 mm. in diameter. The external E«minal vcsicJc is 'romided o^al



Fig. g-x^nywwklns jacvsclu:
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scolex; 10, 11,
;

roStellar hooks
;

12 mature

segment; 13, segment with devolving utetus.

Fiff lifflAw* elllsi: 14. segment with mature testes
; ]&£g^™$

mftJe £d£ 16. 'A* *b*S *. segment fg, con -ted ««* ft, 9.

12, 13 to same scale; fig. 10, 11, £& 1£
*
ana «•
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midre^on nf the *cSll1™t ***** the testes and slightlyloxai I the aporal side, | ts two mam lobes are subdivided into a total of about

bUnnd the ovary near the two posterior testes and dorsallv to the yolk -land -itmeasures ttp*gW by -053 mm. in segments containing tc,tes and' r e' Thevagma travel* forwards From the reeeptaculnm and then parallel with tie enussac to he atnmu. n gravid sclents, the bibbed sac-like uterus fills tb Led Haand extends beyond the excretory ducts. It is about 0-4 nun. Ion* and t 5 n n
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>
and ;/

- NhSSSMtgg.U (1927 b) have already been mentioned above, but their hooks differ in

Hymenolepis ellisi n.sp.

(Fiy. 14-17)
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'
1

'

i

ph
C0nSif 1

m' th ''ee '."*»*>* without scoliees, collected in

;,wf m •

T
,

inCU<P nmt " rC and ©**" segments and measure 60 70and 100 mm in length. vvith breadths of 0-72, 1-04 and -065 mm. XS*Most segments are broader than long, but those which are gravid teS1 to be
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t1l,
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,
'
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n 'Un
f

or *Mctf tattf (-065-08 mm.) develop before the ovaryOne is poral. the other two aporal. one of the latter being anterior to, a,d neaSrhe aporal edge ot the segment than, the other. The. external semina ve'e e 1 ieaporally behmd the end of the cirrus sac and measures 0T-0-2 by -olv> mmor exeept,onaIly 0-2 by 0-12 nun. The vas then continues as a narrow tube n othe arms sac where ,t widens into a long internal seminal vesicle K!?wule and varying m length according to its contents. The long e aculaorv Jeta coded when the cirrus la retracted. The cirrus sac ,s £1 £a Knifedand may curve to lo.m an arc with its concavity directed posterior y c U nnv
3BKfl rKCt T "I*"** 1

"! **** Tfe °^» measures 0-42--U by0/5-08, m segments with mature testes, and may reach 0-5-7 bv -07-11 mmW giaad segments. Surrounding its opening info "the large deep atrium is a reat smai spmes and Hie series is continued on the base* of the ci m The?opines become detached readily.
ls

'
inehC

The greatly lohed ovary lies in the middle of the section. It arises between.be.three, tesres, but
, he latter disappear by the time the ovary reaches i^sLSrnu

0/ 09 mm. The )nek-walled reeeptaculnm ties between the ovary and cirrus sac;md measures 0-09-11 by -145-16 nun. The wide vagina (averse hre-S-0.b, magnum OH mm.) lies behind and parallel witfthe c , uf sac atbecome, shghtly rod«-d as it passes ventrally to enter the recepta ul ,m
'

'H
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uterus arises as two lobes, one on either side of the ovary, but when fully

developed it forms a sac fdling the medulla and extending beyond the excretory

canals Eggs measure about O04 by -03 mm., the oncospheres 0"02 by 015 mm.,

and the hooklets 7 ju. in length. «.,.-, »

•

Gravid fragments collected on another occasion probably belong to tins

snecies because of the resemblance of the external seminal vesicle, receptaculum,

Sde vagina, deep atnum, spined cirrus, and ring of spines around the opening

of the cirrus sac into the atrium. The maximum width of these segments was

0-09-1-3 mm., and the cirrus sac measured 0-6--75 by 0"8 mm.

This species differs from H. murrayensh in its spiny cirrus, thm-walled

cirrus sac and the ring of spines around the outer aperture of the latter-It
differs from H. jaenschi in its much larger c.rrus sac, the position of the receptacu-

lum the disappearance of the testes before the ovary reaches its maximum sue.

The lack of a scolex prevents further comparison. The very large cirrus sac

distinguishes it from all other Hymenolcpis spp from K^^ «^g
// medici Stossich. In his account of the latter, Fuhrmann (1906) did not grve

the measurement of the sac. but stated that it was very large, extending to the

anoral anterior corner of the preceding segment or else bending into an arc nuts

own segment. The internal anatomy of the two species is rather similar. The

finding of a scolex of H. eUisi should permit a decision as to the identity or

otherwise of the two species.
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THE GENUS TRAGARDHULA BERLESE 1912 (ACARINA,
TROMBICULIDAE)

By H. Womersley

Summary

In 1904 Tragardh (Results Swedish Zool. Exped. To Egypt and the White Nile 1901) described

Trombidium niloticum from both larvae and adults found in apparent association and in large

numbers on the leaves of an aquatic plant (Pistia stratiotes) on the White Nile (coll. Gebel Ahmed
Aga 20 March 1901).
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THE GENUS TRACARDHULA BERLESE 1912 (ACARINA, TR0MBICULIDAE1

By II. WoMEksr.F.v

[Read 10 June J 948

J

Fig. 1 A-G, fig. 2 A-

J

In 1904 Trdgardh (Results Swedish Zoo;. Exped. to Egypt and the White
Nile )901) described TrombidUtm nitoticuni from both larvae and adults found
in apparent association and in large numbers on the leaves of an aquatic plant
(Pistia sfratiotes) on the White Nile {'coll. Gehel Ahmed Aga 20 March 1901).

For these larvae Qudemans 1911 (Entoui. Ber., 3„ (57), 123) erected the
genus Btankaartia and later, in his monographic study of the larvae of the "Trom-
bidiiclae and Erythraeidae" (Zoo!. Jahrb., SuppL 14, 1912), he figured and
described the larvae in great detail. Tragardh's adult material was studied by
Rerlese, who, in his monograph on the adult "Trombidiidae" (Redia 8, (1), p. 4,

1912) used the name Tragardhuhi as a subgenus of Tromlnmla. Later, how-
ever, in the same work (p. 96) he adopted Oudemans' name Blankmirtia also as
a subgenus of Trombinda.

The adult genus Tromhicnla as understood at the present time is characterised
by the body being constricted medially, giving it a figure of 8 shape; by the elongate
crista mctopica with a subposterinr sensiliary area furnished with paired fila-

mentous sensillae; eyes present or absent, but when present only one on each
side of the crista and closely adjacent to, or away from, the sensiliary urea. In
Tragardhula nilntica, however, they are placed well away from the crista and
well in front of the sensiliary area, as figured by Berlese "(1912) and as seen in

a specimen kindly given to me by the British Museum, which specimen was from
Pistia, in Jndia.

In the other known adult Tromhicnla species, either with eyes placed close

to the sensiliary area, or wanting, there are also other smaller features which
enable them to be associated with some at least of the many larval genera which
have been proposed.

The larvae of the Trornbiculidae are distinguished by having only a single

anteriorly placed dorsal shield, of varying shape, from rectangular to pentagonal,
hexagonal or tongue-like, and furnished normally with 1 or antero-median
setae, 2 antero-lateral setae and 2 posterolateral setae, as well as a pair of
sensillae which may be filamentous, clavate or globose. Additional setae may
occasionally occur on those scuta which are more or less tongue-shaped, but these
setae are usually situated behind the posterolateral setae. Eyes may be* 1 or 2 on
tfach side or absent. Coxae 1 are furnished with only a single seta, and there is

a pair of setae between these coxae. The legs are all furnished with a pair of
simple claws and a longer and more slender ernpodium.

The larva of BUtnkaaHa nilotica (Trag.) has many characters which place
it outside the family Trornbiculidae as defined above. In the first place it has two
antero-dorsal shields, the front one of which is large and reaches or overlap* the
anterior margin of the body and is furnished with 6 setae in addition to the
filamentous sensillae. The second shield has a number of setae The
pair of setae, normally between coxae I have migrated onto the coxae so that
each carries 2 setae. Legs 1 and IT have only the paired claws, and no ernpodium,
the claws being apically furcate. On leg TTI the claws have an apical nail-like tip.

* Entomologist, South Australian ituseum.
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Thus, while the adull: Tragardhuln ndaitcn (Trag.) belongs to the Trom-

bictt!itl;u\ the larva certainly docs not, and the two stages described by Ttagardh

under i hi? name cannot be associated.

In 1$36 Sig Thor (Zoo!. Am. 114, ffl) raised die genus Pvnhtyoncfla for

Uiq-ie species of larval Troinhidiids In which the dorsal scutum was pcirtagona1

in shape, aud the sensillae filamentous. As type he designated Trombidium ardent

Trag. from the White Nile. Other species were faltrcahokd (Ouds. 1910 i*

Iragardhi (Ouds. 1910), maris (Ouds. 1910), acuscuU-Ilaris (Walch 1922) and

yorfrri, ( Sainton 1928).

This genus has been rather ignored by most workers, but Wdhrann in 1947

(Das Ticrreich, Lfg. 71 b, Trombidiidae, jj, 292) admits it, and includes the addi

tional species desafcri (Methlagl. 1928) and cailropodis (Kwiug 1928), Until

now, no adults of any of these species have been known, but in this paper adult.-,

of P. acuscutcllaris, both caught in the field and reared from larvae through

several generations are described, and it is shown thai ihey agree fully with the

subgenus Tragardhula Berlese.

The subgenus Mcgatt'ambhula was erected in 1947 hy Michener (Anil.

Entom. Soc. Amer., 39, 4152) for four species of adult Trombieutids from Central

America. The subge.notype was Trombicula allcci Ewingi ;i|td other included

species were T. veluscoi ("Boshelt and Kerr
)

,
7'. pcnri<iaitu ( Ewing) and

M. nttuHuata Michener.

The essentia] character of the subgenus was the position ot the eyes*, well

away f rotn the crista and well anterior ol the sensillary area, Michener M'as also

.successful in obtaining larvae of these species, except peruviana, and although he

could only separate these with difficulty, he pointed out their great similarity to

Pentagonclia of the Old World in their having a pentagonal scutum.

In 3916 Tanaka (Zentbt. Bakt., Abt. 1
T
Orig.) refers to> and on pi. 4. fig. 37,

shows clearly, the position of the eyes as well away from the crista and in advance*

of the sensillary area in a nymph of Trombicula japonica, then referred to a sub-

species of aulumnals (Shaw), which is not related in that the eyes in the latter

species are entirely wanting.

The following description of the adult of P. acitscittcUaris fit* clearly those

or Megalrombiciiki and Tragardhula, and both Pentagonclia and Mcgatronthitula

therefore are synonymous with Tragardhula Bed. The fact that ac use uti'ltoris is

the only species of Penlagonclki from the Old World as yet known from the ;iduU,

but is not the actual genotype of PeniagoncUa, leaves a slight possibility that the

adult of ardcac (the genotype) may not be a Tragordhuki. However, it havin;;

been shown that Blankaartiu mlotica (Ouds,) is not related to Troganlhvla

nilotica (Berk), can any other Egyptian larval Trombicula with pentagonal

scutum he suggested as the possible larvae of 'Trag. nilolica} Of such lurvae only

two have been described from Egypt,. i\ ardcae and T. tragardlti (Ouds, 1910),

both from Tragardh'b expedition.

The first of these was from the legs oi' a bcron, Ardca cincrca, from the

White Nile, March 1901 ? the same locality and date as for Trag. nilotica. While

the association of this larva with the adult cannot be accepted until successful

rearings have been made, the habitat of the larvae on the legs of a ivading bird,

and the adults on the leaves of an aquatic plant (Pistia) is highly suggestive.

The second species of larvae, tragardlti (Ouds.) was ftoru the ears of a

monkey, Cercopithccits, and thus from such a host habitat ca*\ surely, .rx;

disregarded.
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Genus TKACAitnuuLA lVrlese 1912
Tragordhuta llerl. 1912, Redia. 8, 4; Bltuikuurtia Berl. 1912. Kodia. S, 0(5

(non Gmlenoans 1911 larvae) ; FetUa^ondh Kg Tbor IW36, Zool. An/ . 114, 30;
Mr/jatrnnibicitta Michener 1947. Ann, Entoni. Soc. Amet\. 39, 432.

Adults of typical TromhiatUt figure of 8 facie?. Crista linear with sub-
posterior sensillary area about as wide as long. Epistome rounded with fine teeth
and 1 seta. Accessory spines on palpal tibia arming- from a slightly raised boa's
some distance from ha.se of claw. Eyes large

:
1 f 1. well separated from crista

amMyell in front of scnsillary area. Sternal plate distinct and well defined,
undivided, wider than long and lying between coxae I.

Genolype:. Trombidium niioticitfu Irk; adult.

TKA<;A(u>HT_n.A AcuscuTEr.*L.\ftiii ( Walch 1922;

Tymnhicitla acusartdtaris Walch 1922. Kitasato Archiv. E^per. \led„ 5, t$\
78; Cater, B: A. R. t 1932. Parasilol.. 24, 143-1/4; Mehta. U. V, 193/. Ind.

J. Med. Res., 25, (2), 353-365; Philip, Woodward and Sullivan 1946. Aincr.

J. Trop. Med,, 26, (2); Radford. £ IX, I$4$ Parasnol., 37, (1-2);
Jaycwickreme. S. H.. 1947, Nature, 160, 578.

Tnmihiruh {PnitagoncHa) uatscitldhuix. Sig Thor 1936, Zool. An*., 114, 30;
Wuinersley and Hcaslip 1943, Tram. Row Soc. S. Aust.. 67> (1), 78.

Tragardhuta ctcuscnfcflaris. Willmann 1947; Das Tictreich, Ug,, 711).

This species is widely distributed in the Asiatic-Pacific Kegion It $&$£
originally described by Walch from Sumatra, and has since been "reported from
the Federated Malay States (Gater), India CVlehta), Mahfive Islands (Radford),
Ceylon (Jaycwiclcreme), and 1 havt seen inateriai collected by Lienr-Col. C. ft,

Philip froni the Philippines, and by Maj. R. N. McCulloch from Borneo. In ai!

cases the hosts of the larvae were .species 0l Ruffus. The nymphal stage
of this mite remained unknown until 1946 when Radford described very
briefly the nymph reared from larvae. The adult remained quite unknown and
unrecognised in the field until last year when Jayevvickreine reported in "Nature"
the successful rearing through several generations, using the recently established
methods of feeding the nymphs and adults on the eggs of species of mosquitoes.
Further, the adtdis can now be fairly easily recognised in the field, and large
numbers of larvae have been obtained from captured females.

In the present work the adull male end female are described and figured for
the first time, and the opportunity is taken of rcdescrihing and figuring the larva
and nymph more fudy. For the material for this study I am very much indebted [a

Mr. S. H. Jayewiefcremc who very willingly supplied me with a considerable
amount of both reared and wild larvae and adults, The redeseription of the
nymph is from a specimen supplied by Dr. C. O

i
Radford.

Redc.sTriptioii of Larvae, Fig. 1, A-F—Colot.r in life red, Shape oval. Lcn^tn
nnengorged 260 //. (excluding gnathosona),. width 195 /x, Dorsal shield frig. \,D)
pentagonal with PW only very slightly greater than AW. ?nui angle of convexiiv
of posterior margin, i.e., PVV/1'SLi -= 2-0 or thereabouts. Sensillae long and lila-

inentou^ with ciliations in distal two-thirds. Normal setae of .^enrum raid dorsal
setae ciliated and tapering. Eyes 2 — 2, on ocular shields, the posterior eyes the
smaller. Palpi (fig. 1. E) stout ; femur and genu furnished with a branched "or long
ciliated seta; tibia with the normal 3 setae, of wliieh ihe venlra! ha< branches, the
dorsal and lateral being nude; pa ipal caw tri furcate. Chelicerae (fig. 1,C) vvitn

the usuaL apical tricuspid cap, and on the inner edge a subapical forwaully directed
tooth, Galea! setae nude. Dorsal setae 26 in number, arranged 2A66.42 (fig.

1,A). Ventral setae, excluding the single nnr on each coxa, 24. arranged
2,2.6.4/4.4.2 (fig. 1, ll). Dorsal setae to 70 a long, ventral to 50 u. Lees tone and
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Fiff. 1. A-F

—

Trayardhula aeuscuietlaris ("Walch 1910) larvae. A f dorsal view;

B, ventral view; C, tip of chelicera; D, scutum (x500) ; E, palp in ventral-lateral

view; F. tarsus and metatarsus of leg' ITT; G, scutum of larvae of Tragwdhufa

(PcniagoneUa) ardeac (Tragardh) (xSOO).
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slender, all 7-segmented, I to 330 a long (including coxa), TI 312 ^ III 435 \x\

torsi I and II with the usual dorsal sensory rod, III (tig. 1,F) with a long sub-

basal fine nude seta to 80 p. in length.

The Standard Data derived from 17 specimens from eggs laid by a wild

adult from Ceylon, 17 December 1947 (S, H. Jayewickreme), and one specimen

each from Federated Malay States and from Batavia reported upon in 1943

(Womersiey and Heaslip), and one specimen from R> r. norveykus from the

Maldivc Islands, 30th December 1944 (C. D. R.) arc as follows:

Mean Standard
Deviation

Theoretical
Hange

Observed
RaiiKf

CrM-ff, «f
Variation

AW 77*4 ±0-58 2-61 ±0-41 6V-6-8S-2 70-0-84-0 3-3

PW 80-1 ±0-55 2-47 ±0-39 72-7-^7-5 75-6-86-8 3-1

SB 30-8 :fc 0-27 1-20 ±0-19 27-2-34-4 28*0-33*6 3*9

ASH 30*0 £0-28 1-24 it 0-19 26-3-33-7 28-0--30-8 4-1

PSR 43-3 ±0-32 1-43 ±0-22 39 0-47-6 42-0-44-8 3-3

SD 72-3 :fc 0-46 2-04 * 0-32 66-2-78-4 70*0-75-6 2*8

A-P 25-9 + 0-26 L*16.=ib0-1& 22-4 -2<>4 252-28-0 4-5

AM 52-7±0«49 2*04 £ 0*35 46-6-58-8 50-4-56-0 4-0

AL 40-25 ±0-61 L 56 ±0-23 35-5-44-9 39-2-43-4 3-8

PT. 77-1 ±0-6! 2-68 2:0-43 69-1-851 75*6-85-1 3*5

Sens. 84-0 No variation recorded

Rcdescription of Nymph, from a .specimen reared from larvae by C D,

Radford in the Maldivc Islands

Colour in life bright red. Of typical Trombicuht fades. Length to 800/*..

width across hysterosoma 400/*. Crista linear with somewhat diamond-shaped

areola, and two filamentous nude sensillae, 136/* long, sensillae bases 42 p apart.

Eyes 1 + 1, well removed from sensitlary area and about half-way between

extremes of crista. Chelicerae normal with fine inner serrations. Palpi with

tibial claw strong, with 2 accessory spines but these on a slight boss and placed

about midway between base of claw and articulation of palpal tarsus. Palpal

tarsus slightly clavate, not reaching tip of claw. Legs : shorter than body, 1 660 \l

long, II 460,*, III 470 p< IV 530 /x; tarsus I less than twice as long as wide, 151 p

by 91 /t, metatarsus 1 115/* long. Dorsal setae numerous 40^. long, uniform,

arising from closely set tubercles, uniformly thick with strong dilations. Genital

discs 2 pairs.

Description of Adult—Fig. 2A-J. No apparent difference in the size of

males and females. Colour in life deep red. Of typical Trombicula facies.

Length to 1,800/1, width across hysterosoma 1,200/*. Crista (fig. 2 A) linear

with well-developed subposterior sensitlary area, roughly diamond-shaped, with

the sensillae bases at the ends of transverse dumbbell-shaped areola; crista 300 /a

long and sensillae bases 65 /a apart; sensillae 195 tt long, filamentous and nude;

apex of crista forked. Epistome well developed, rounded conical with numerous

teeth and with a single seta 71 it long. Eye5 1 + 1, large, situated well away from

crista and midway of crista length. Chelicerae (fig. 2 B) with fiuely-toothed inner

edge. Palpi (fig. 2 C and D) with strong tibial claw and 3 accessory spines which

are distinctly away from base of claw, and another on outer edge opposite articula-

tion of tarsus, and on the outer surface another strong spine. Legs normal,

I 1,275 p long, II 910/*, III 910 /i, IV 1,235 /*; tarsus I (f\g. 2 1) 325 ,«, long bv

163 tt high, metatarsus I 247/* long; sternal shield between epimera of legs I and



88

F:g, 2, A-J

—

Trayardhulo acuscusirMaris (Walch 1910) aduH. A. crista, epistome
and eyes; B, chelicera; C, palpai tibia and tarsus from above; D, ditto from
below; E, coxae 1 and XI and sternum; F, coxae III and IV with genitalia and
anus showing relative positions; G, genitalia of male; H, penis; I, tarsus and

metatarsus of leg I; J, posterior dorsa! seta.
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II, markedly shorter than wide (.fig-. 2E). Genital orifice situated close into the
epimera of legs III and IV (fig. 2F), with 3 pairs of genital discs. In the male
provided with a penis as figured fjfijf. G and IT), the apical point of which is

asymmetrical. Dorsal setae numerous, uniformly thick, with short dilations

(%2J).
The synonymy of Tragardhula vilolica (Trag. 1904) is as follows:

? Trombidium ardcac Tragardh 1904; Microtrombidhtm a, Ouds. 1910, M.O.,
Ouds. 1912; Trombicnh a. Ewing 1928; Pcntagmiclla a. Sig. Thor 1936, P. a.

Wilimami 1947 (larvae); Tromhidhtui mloiicum Tragardh" 1904; Trombicula
(Tragardhula) n. Berlese 1912, p 4; Trombicula ( Blankuartia) n. Berl. 1912,
p. 96 (non Blankaarthi Ouds. 1911. larvae); Tragardhula n. Willmann 1947.

The following table shows tnc adult or nymphal species which belong to the
genus Tragardhula and the larval species which will possibly also be placed therein
as their respective adults arc discovered.

Other species of Trombicula are known which in the larvae have a more or

less pentagonal scutum but do not tit with any certainty into Tragardhula; for

example T. auftimnalis of Europe, in which the adult has no eyes and belongs
to a group for which the name Ncotrombicula Hirst is available.

Adults or Nymiujs
Trag. nifoHca (Tragardh 1904) Trag. aUzmtahi (Michener 1947)
Trag, acinrupilaris ( Walch 1922) Trag. japonica (Tanaka 1916)
Trag. peruviana (Ewing 1926) Trag.aUeel (Ewing 1926)

Trag vetascoi (Boshell and Kerr 1941)

Larvae
Trag.alteei (Ewing 1926) Trag, fahrenholzi (Ouds. 1910)
Trag. vcfoscoi ( Boshell and Kerr 1941

)

Trag. muris (Ouds. 1910) .

Trag. ardeae (Tragardh 1904) Trag. desaleri (Mcthlagl. 1928

1

Trag. tragardht (Ouds. 1910) Trag. japonica (Tanaka 1916)
Trag. yorkei (Sambon 1928) Trag. acuscutpilaris (Walch 1922)
Trag. cenfropodis (Ewing 1928) Trag. atlcmtata (Michcner 1947)'

TrAGAUDTTULA ? (PENTAGON ELLA) ARDEAK (Trag.)

Prof. Lvar Triigardh T whom 1 recently had the very great pleasure of meet-
ing in Stockholm, has very kindly loaned to me for sttidy a number of slides of

his (190L) Egyptian material. One slide contained 4 specimens of his ardeae.
These have been remounted, and I am now able to give the following data to bring
the description into line with recent studies on the species of larval Trom-
biculidac.

Fig. 1, G—Dorsal scutum pentagonal with PSB greater than AS13, and SB
about in line or slightly in advance of PL. Eyes 2 -f- 2. closely adjacent to postero-

lateral angles. AM and AL about equal, PL much longer. Scnsillae filamentous and
ciliated on distal half. Chelicerae with the usual apical tricuspid cap only. Palpi

stout, tibial claw tri furcate with the prongs subequal ; setae on femur and genu
with branches; on tibia ventral strongly branched or ciliated, lateral lightly

branched, dorsal nude. Galeal setae with 2 or 3 light branches. DS long
:
to S4i%

arranged 2.6.4.8.6.4. Ventral setae rather shorter., arranged 2.2.6.6.2.4.2. Tarsus

of leg JTT with a long nude seta* of leg 1 and IT with the usual dorsal rod-hke
sensilla.



90

Standard Data in microns from 4 specimens are

:

Mean Standard Theoretical
Deviation Range

Observed
Range

Coeff. of
Variation

AW 74-2 ±1-4 2-80±0-99 65-8 -82-6 72-8-78-4 3-8

PW 87-5 ±0-7 1-40 ±0-49 83-3 -91-7 86-8-89-6 1-6

SB 31-85 ±0-35 0-70 ±0-24 29-75-33-95 30-8-32-2 2-2

ASB 25-2 No variation recorded

PSB 42-0 No variation recorded

SD 67-2 No variation recorded

A-P 28-0 No variation recorded

AM 61-6 No variation recorded

AL 60-7 ±0-93 l-62±0-65 55-9 -65-5 58-8-61-6 2-6

PL 84-0 No variation recorded

Sens. 84-3 ±2-6 4-51 ±1-84 70-8 -97-8 8O-0-89-0 5-3



THE PLANT ECOLOGY OF PART OF THE MOUNT LOFTY RANGES (1)

By R. L. SpechtandR. A. Perry

Summary

This paper deals with the ecology of that part of the Mount Lofty Ranges between the Torrens

Gorge in the north and Noarlunga in the south.
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INTRODUCTION
This paper deals trith the ecology of that pan of the Mount Lofty Ranges

between the Torrens Gorge m the north and Noarlunga in the south
I he area surveyed by Specht Efes between the Torrpos Pttrris in the

north, gnd hue 80 of the Adelaide and Echunga ordnance man m the cast
and grid hue (>S in the south, while Perry surveyed the area from grid line
<ib in the north to 52 in the south extending- east from the coast to grid line 68.

Ihc only previous ecological work on this area was a reconnaissance
survey by Adamson and O'sborn (1). As can lie expected from reconnaissance
surve>, .some generalisations were made which probably apply to part of
the Mount Lofty Ranges but not necessarily to the whole. Adamson an.

I

Osborn did not publish any vegetation map, nor did they indicate in the
text the exact localities studied. Since then detailed work on the soils of
the southern portion of the Hundred of Kuitpo. by Tavlor and O'Donnell
(21 J

i

and on the geology by Sprigg (17, IB, 19 1 form i useful background
to this study of ecology.

Considering the limited size but complexity of the area, it was deemed
necessary that the ecology should he approached from a study of the
aureeology of the dominant tree species and of the formations. With Ihis
in view the distribution of the tree species and formations was mapped by
projecting their limits on a contour map. As many factors as possible o'f

the environment were examined and attempts were made to correlate the
distribution of the species with the environment. The soils were surveyed by
borings at each grid intersection on the ordnance survey maps, "i.e. at
approximately 1,000 yard intervals.

Because of the complexity of the environment the study of the vegetation
could be regarded as a number of specially designed experiments in which
possibly only one factor at a time was variable, for instance, it was found
lhat sods of different nutrient status occurred contiguously under the same
climatic conditions, while soils of one group extended from regions of low
to high rainfall. Of course, any generalisation can only be accepted on the
understanding that it may not necessarily apply to other areas of the Mount Loftv
RffngC- However, although other surveys -of the ecology of this State have
been of rather a broad nature in comparison, they have yielded conclusions
roughly similar to some suggested in this survey. These have been indicated
m their appropriate places within the text. It must be pointed out that JM
dealing with the trees whose roots tend to penetrate to great depth, (lie
early stages of growth arc considered crucial In their development within
the environment in which they are found.

As most of the soils throughout the area are extremely poor most of
the area has been left relatively undeveloped- It is only along the coastal
jsarts in the south, the Adelaide Plains and fertile valleys and ridges of the
.Hills, that much agricultural development has taken place. Most of the
soils oT the coastal area are planted with vineyards and orchards, hut some
cereals arc grown. The Adelaide Plain, although now closely settled, was
unce an extensive cereal growing area, while the small fertile portions of
the hills are planted with orchards, vegetable- and some pastures. The
savannah woodlands are used in their natural state for grazing.

TOCOGRAPHY
The area forms part of an original extensive peneplain which has been

block-faulted during the Kosciuskan period (probably Pleistocene) and
KubserjUently dissected by three major stream systems—namely from nuxlh
b> south, the Rivers Torrens, Sturt, and Onkaparinga.



n

Creeks named First, Second. Third, Fourth, Fifth and Sixth Creek lorm

the major tributaries of the River Torrens, and Cox s. Aklgate and -Scott s

Creeks flow into the River Onkaparinga. Both the River Torreus and the

Onkaparinga are. part of the old river systems present belore the faulting

occurred. They must have been large enough to keep pace with the rise in

level due to faulting and have cut meandering gorges up to 500 icet in depth.

Smaller creeks such as Tirownhill, Christie's and Reynella Creeks a.d the

drainage of the area, .... Tl
In" the southern section of the area three distinct faults are present 1

he

land rises sharply from the gently rising Adelaide Plains along the Eden

DEU ftUS

Fig. 1

Kainfall and altitude r£A&
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fault (with a throw of 600 to 700 feet) on to the Edcn-Moana Block again
at the Ochre Cove Fault Block and still again with a throw of 700 feet along
the Willunga Fault. The original peneplain level gradually slopes to the
south-west along these three fault blocks, the level of the Ochre Cove Fault
Block in particular dropping from 1,200 feet north of Clarendon to 400 feet
near Noarlunga. In the northern section, however, onlv the Eden Fault is
prominent but the topography is complicated by the indistinct extremities
ol the Ochre Cove and Kitchener Faults, while the Burnside Fault occurring
a little to the west of the Eden Fault aids in confusion. The mtonadnock
structure of Mt. Lotty, which rises to 2,234 feet, dominates the topographyA general idea of the topography can be gained from the rainfall map
on which contours for the 500 feet level and multiples thereof are indicated
(iMg. 1). The dissection is influenced by the nature of the rock, the slates
and phylhtes giving more rounded and gentler sloping ridges than those
developed in the less rapidly weathering quartzites. Plate V shows a
photograph of a model made of the central section of the area.

GEOLOGY
Spngg's Reconnaissance Survey of the Geology of the Mt Lofty Ranges

(between the rivers Start and Torrens) (19) and 'the Geology of the Eden-
Moana Fault Block (17) gives a detailed account of the geology of the area.

The undermass rocks consist of a series of Pre-Cambrian sediments,
called the Adelaide Series, which have been extensively faulted and folded!

ADELAIDE
BELAIR
STIRLING

M J J
Fig. 2

Mean monthly rainfall at Ade'aide, Bdair and Stirling.
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Mean monthly temperature at Adelaide, Belair and Stirling.

Of importance to the ecology of the area are the metamorphosed rocks of
the Barossian Complex, the sandstones, quartzites and phyllites of the Lower
Adelaide Series (the easterly half of the area) and the slates, Sturtian tillite

and flaggy slates and quartzites of the Upper Adelaide Series (the westerly
half).

Overlying the Adelaide Series on the Eden-Moana Fault Block from
Blackwood to Happy Valley Reservoir are remnants of a lacustrine deposit
of consolidated Oligocene sands on the old peneplain surface. In addition
large areas of Miocene marine sediments, mainly marls and limestone, and
limited areas of Pleistocene raised sea beaches occur on this block.

Since the Pleistocene the Torrcns River and Rrownhill Creek systems
have built up the large alluvial deposits of the Adelaide Plain with material
dissected from the fault blocks to the east.

In recent times the River Onkaparinga has developed an extensive
alluvial flood plain which extends several miles inland from its mouth.

CLIMATE
The meteorological data available from stations within and adjacent

to the area suggest that there is a close correlation between altitude and
climate. Rainfall data indicate an increase in rainfall with altitude (see
rainfall map) rising from 17-94 inches per annum at Glenelg to 47*84 inches

c.
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per annum on Mt. Lofty Summit, with a deterioration in rainfall to the north

and in the rainshadow of Mt Lofty Summit. This deterioration is caused

by the fact that most rains are borne by south-west winds. In all cases

February is the driest while June is the wettest month. The data available

for Adelaide, Belair and Stirling West show that there is an increase in

rainfall and humidity and a corresponding decrease in temperature with

altitude (see Fig's. 2 and 3).
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Mean monthly values for Transcau ratio at Adelaide, Belair and Stirling.

From the average humidity and average temperature, the Meyer and

Transeau ratios have been calculated; both of which show an increase

with altitude (see Fig. 4). From this data it is seen that Adelaide has an

influential rain period (P/E greater than 1/3) for 6*8 months, Belair for

8*5 months and Stirling West for 10*7 months with influential rainfalls of

15*9 inches, 26*3 inches and 45-8 inches respectively (Trumble 23). When
Davidson's less accurate P/E greater than 1/2 is used, Adelaide lies within

Davidson's warm temperate semi-arid zone while Belair and Stirling West
lie within his warm temperate semi-humid zone (10). However, it must

be remembered that all the above data give a rough approximation only of

the moisture relations within the soil, for the dissection of the country and

the water-retaining capacity of the soils play a large part in producing

microclimates. Much of the influential rains is lost to the soil as "run-off"

into the creeks, which consequently are moister habitats, while a clay soil

will tend to retain more moisture than a sandy soil in which most of the
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water percolates through into the subsoil or to the underlying rock. Hence
i under the same conditions of physiography and climate a deep sand will
tend to be drier than a shallow sand over a clay subsoil which in turn will
tend to be drier than a soil with a predominantly clayey profile. It must also
be remembered that Trumble {23) in proposing his influential rainfall period
as those months with P/E greater than 1/3, based it on the time interval
over which the surface soil of the Waite Agricultural Research Institute tends
to be maintained above the wilting point for herbage plants. It does not
necessarily follow that the same factor of 1/3 holds for all other plants and
seedlings.

Insolation has a marked influence in producing microclimates in dissected
country; that is the micro-climates are also determined by aspect. Although
no attempt has been made to demonstrate this for the Adelaide Hills, the
southern sides of the ridges are apparently moister than the northern sidei.

This is largely due to the direct effect of insolation on evaporation—the
sunny, warmer, north-facing- slope being drier than the more shaded, cooler,

south-facing slope. This difference in micro-climate may also be enhanced
by the fact that most of the rain is borne from the south-west (this data
is available only for Adelaide but should be similar for the rest of the area),
hence giving a minor rain-shadow on the northerly sides of the ridge.

Consequently, with the decrease in temperature with altitude, the figures

for Adelaide, Belair and Stirling West indicate that active growth of herbage
plants (average monthly temperature less than 55° F) is restricted for 3,

4 and 6 of the winter months respectively,, and moderate growth (less than
50* F.) for nil, 1 and 3 months respectively. (Trumble 23).

Hours of sunlight and frosts appear to have little effect on the general
vegetation, but may play a part in the agriculture of the area.

From the data presented above it is evident that the area can be roughly
divided into at least three main climatic regions, namely:

(1) Country less than 500 feet altitude with an influential rainfall period
of 6 to 7 months.

(2) Country 500 to 1,500 feet altitude with an influential rainfall period
of 7 to 9 months.

(3) Country greater than 1,500 feet altitude with an influential rainfall

period of 9 to 11 months.
with a large number of micro-climates produced within each zone.

SOILS
In the southern two-thirds of the area a reconnaissance was made of

the pedology by boring holes approximately 1,000 yards apart, while the
remainder of the area was mapped from observations made on profiles

exposed in cuttings and by a superficial examination of the soil- As the

survey was on a broad scale no attempt has been made to map soil types,

the survey being only sufficient to give an outline of the soil groups present.

Where the rocks of the Adelaide Series or overmass sediments are

exposed there is a marked correlation between the geology and the soil while,

in the south, soils derived from lateritic soils developed on the former
peneplain surface tend to predominate.

The soils can he grouped as follows :

—

A. Soils derived from Plio-Pleisloeene lateritic soils:

( 1 ) Residual lateritic podsols.

(2) Truncated lateritic podsols.
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(3) Deep siliceous sands with strongly acid reaction.

(4) Lateritic podsols under conditions of poor drainage.

B. Soils formed under the present environmental conditions

:

(1) Fodsols.

(2) Grey-brown podsols

:

(a) With high nutrient status.

(b) With low nutrient status.

(3) Calcimorphic soils

:

(a) Rendzinas.

(b) Terra rossas.

(c) Degraded rendzinas.

(4) Red-brown earths.

(5) Ferrimorphic soils (?).

(6) Deep sands of neutral reaction.

(7) Miscellaneous soils.

a

o
Z
2

TERTIARY

LATERITIC

SOILS

RESIDUAL
i

DEEP SANDS
T&VNCA TED 2SWAMPr

BAP.OSSIAN

COMPLEX
NO ROCKS / FERRlMQRPHtC

f SOUS

QUARTZ ITES

SANDSTONES

MOSTLY" SKELETAL

PODSOLS S

SKELETAL AND

*S MATURE PO05OLS
DEEP NEUTRAL

SANDS

BASIC 5LATE5

AND SHALES
AND STURTIAN

TLLLITE

RED BROWN

EARTHS
6

GREV BROWN \

\ PODSOLS ^\ 3
\ QifGH nutr/evt)

GREV BROWN

\ *T O PODSOLS

\ (LOW KUTRtENTJ

TERRA RGSSAS
"Ss^fl\raoed

\AfN2/NAS
i i SiESTONELIMESTONE

RENZtNAS 5

,

,8 ,
,

*5fg 2 H J fl J -* *°

RA'M^ALL !N INCHES

Fig. 5

Diagram showing the soils in relation to rainfall and parent material.

The relation of the soils to rainfall and parent material is illustrated in

fig. 5. The parent materials are arranged from bottom to top in decreasing

order of base content. Thus, generally, the soils at the top of the diagram have

a lower nutrient status and a lower pH than those at the bottom. For the pur-

pose of the diagram,, the Tertiary lateritic podsols are regarded as the parent

material from which the present-day lateritic soils have been derived.

A. Soils derived fkom Plio-Pleistocene Lateritic Soils

These soils are relics from a more pluvial climate in the Pliocene when they

were developed over most of the former peneplain surface. The profile developed

during this period is that of a highly leached pod sol in which a seasonally fluctuat-
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in£ water- table produced concretions of ferruginous material near Lhe junction

of the sand and the clay horizons. Often ferruginisation appears as pockets

through the clay and the parent material (Stephens 20). The lateritic concre-

tions show great variation. In some cases they are massive while, in others,

pisolitic gravel and nodules occur. Over the. Oligocene lacustrine deposits a

rcrrugimsed sandstone or a ferriiginist'd conglomerate of water-worn quart/,

pebbles occuts in the position of the lateritic concretions in the typical lateritic

profile,

However, when faulting broke up the old land surface in the Pleistocene,

dissection began and the lateritic profile was truncated to varying degrees. Over

most of the area, especially in the northern half, complete truncation down to

the paTent rock has occurred. Evidence of the former lateritic profile is frequently

seen by intense ferruginisation of the lock on the tops of the ridges. These rocks

thus imposed have developed soils in equilibrium with the present climate (see

below).

Lateritic soils in varying stages of truncation occur on the tops of the ridges

which constitute the former peneplain level on the Eden - Moana, Ochre Cove

and Wiliunga Fault Blocks. As shown in the section on topography, all these

fault blocks are tilted to the south-west. On the Eden -Moana Fault Block

complete truncation of tiie lateritic profile occurs in its northern limit. At Belair

the profile is truncated down to the lateritic gravel (a truncated laterite), the

sand of the A horizon having drifted down the gradient to the south-west, or

eroded down the valley. At Blackwood a little to the south a shallow sandy A
horizon is present, rhis horizon becoming- deeper as we move further to the south,

while very deep sands (over six feet deep) occur near Happy Valley Reservoir.

It appears that the sand of the A horizon has gradually drifted down the fault

block, stripping the profile in the north and accumulating in the south. Of course.

much of the sand will be washed away down the valleys, and there is a possibility

that the sands were winnowed during the arid period proposed by Crocker (8).

Also there may have been a supplement of sand from the higher fault blocks.

Hence, consequent to these movements, the results of mechanical analysis (see

Appendix I) show that the coarse sand : fine sand ratios of the sand and the

clay horizons do not agree as found by Northcote for a residual laterite un Kan-

garoo Island (12). Similarly on the Ochre Cove Fault Block, the truncated

iaterite is seen at Cherry Gardens, while further to the south a sandy A horizon,

which becomes progressively deeper, occurs, Near Blcwctt's Springs and

McLaren Flat, to the. south of the area surveyed, deep lateritic sand accumula-

tions occur. On this fault block the laterite extends for at least 30 miles to the

south. On the Willunga Fault Block only truncated laterite has been observed

as yet. This, truncated laterite has been called Kuitpo gravelly sandy loam by

Taylor and O'Donnell (21).

The Bradbury kaolin mine is indicative of truncation of the deep LitCTme

profile to the pallid clay horizon. In recent times up to 12 inches oi grey clayey-

soil of poor nutrient status has developed over the kaolin.

For convenience the lateritized soils will be divided into four classes, the

general profile characteristics of which are. illustrated in fig. b.

1. Residual hUcritic podsols

This soil is characterised by a coarse sandy surface which may vary from

8 to 27 inches in depth and which contains about 50% of ironstone gravel in lhe

lower six incites. Quartz gravel often occurs with the ironstone. Owing tn

accumulations of organic matter nesrr the surface the upper tew incites ;rre usually

dark grey in Colour, white lhe remainder of the sandy horizons arc light grey to
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Soil profiles characteristic of soils derived from lateritic podsols.

yellow-grey. Underlying the sandy surface horizon there is a mottled yellow-
brown, yellow-grey and light grey clay which may contain some ironstone gravel
in the upper few inches. The light grey colour usually increases with depth.

Mechanical analyses show great variation in the coarse sand ; fine sand ratio,

possibly because of the movements of the A horizons as mentioned above. The
results of the chemical analyses show the soils to be extremely poor in P

2O and
nitrogen. Much of the organic matter is in a fibrous condition and does not break
down readily to available forms of nitrogen. Throughout the profile the soil is

acid in reaction (see Appendix I).

2. Truncated lateritic podsols

These soils are similar m formation to the previous one, but there is little of
the sandy A horizon present. The ironstone may be in large boulders or broken
down to pisolitic gravel.
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The profile consists of a brown lo grey loamy surface overlying at a depth

of 1 to 7 inches a yellow-brown to red-brown clay containing red mottling.

There are often large pieces of ironstone 6 to 12 inches in diameter near the

surface of the soil. At about 12 inches the clay becomes mottled ved-brovvn,

yellow-brown and light-grey. The light grey colour increases with depth until*

below about 2 or 3 feet, it is by far the dominant colour with only a few red-

brown inclusions in it.

The results of chemical analysis show that these soils are slightly higher in

nutrient status than the residual lateritic podsol. The nitrogen figure is not a

true index of the available nitrogen, as most of it is present as undecomposcd
organic matter (sec Appendix I).

3. Deep lateritic sands of acid reaction

Within the area of residual lateritic podsols there arc several areas of deep

sands containing ironstone at depth. The profile consists of a grey sand over-

lying a yellow-grey to light grey sand at variable depth. Near Blewett's Springs
these sands are predominantly coarse, the ratio of coarse sand to fine sand being

8 or 10 to 1. The silt and clay fraction is never higher than 3-5% m the first

36 inches. The high coarse sand : fine sand ratio suggests that these sands may
have been winnowed by the winds of the arid period (8). The mechanical
composition is remarkably constant with depth.

These soils are the most acidic (pH 5'0-5*5) and the poorest in nutrients

of all the soils in the area (see Appendix I).

4. Lateritic podsols under swampy conditions

In several small isolated positions within the range of distribution of the

residual lateritic podsol these soils occur in flat and relatively low-lying situations.

Under these circumstances they become waterlogged in winter, due to the imper-
vious nature of the underlying clay. The profile is similar to the residual laterite

podsols.

B, SO)lS FORMED UNDER PKE5KNT ENVIKONMENTAl. CONDITIONS

When- complete truncation of the lateritic profile has occurred, soils have
developed on the underlying rock in recent times. These soils show a close

correlation with the parent material, podsols being developed over siliceous rocks,

grey-brown podsols and red-brown earths over argillaceous rocks, calcimorphk

soils over calcareous rocks, and fcrrimorphtc soils over gncissie and schistose

rocks Climate has been responsible for the differentiation of some uf the soil

groups. The red-brown earth grades into the grey-brown podsol at the 25-inch

isohyet, and this in turn is progressively more leached with the increase in

influential rainfall until the nutrient status is so law that a definite sclcrophyllous

formation takes the place of the savannah formation about the 35-inch iisohyer.

In areas of impeded drainage deep degraded rendsinas occur. These grade into

shallow rendzinas in drier conditions.

Products of denudation tend to accumulate in some valleys forming a valley

complex, while a saline alluvial flat has formed near the mouth of the River

Onkaparinga.

1. Podsols

Wherever siliceous rocks of low cation status, such as quartzites and sand-

stones, arc exposed, podsols develop. As these rocks are very resistant to

weathering, most of the area over which they occur is very rugged and bold in

outline and skeletal podsols are developed (.see fig. 7). However, in regions of

rainfall greater than 35 inches per annum and on the tops of ridges the moisture
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has been sufficient to severely leach the weathered material of such low cation

status, and to produce a mature podsolic profile. Typically, the mature podsol

shows a sandy A horizon containing floaters overlying a B horizon of sandy clay

to clay (see fig. 7). On analysis these soils were seen to be low in P20- and

total nitrogen and acid in reaction (see Appendix I).
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Soil profiles characteristic of grey-brown podsols and podsols.

However, small areas of quartzites in the Middle and Upper Adelaide Series

tend to give skeletal podsols of a slightly higher nutrient status than siliceous

rocks of the Lower Adelaide Series (sec Appendix I), but these outcrops are

apparently ecologically insignificant in their effect on the distribution of the tree

stratum.

2. Grey-brown podsols

In "that section of the area with rainfall greater than 25 inches per annum,

argillaceous rocks, such as slates, phyllites and Sturtian tillite have given rise to

a profile typical of a grey-brown podsol. In the mature phase this soil shows an

A horizon of a clay-loam sometimes containing floaters over a clayey K horizon
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(sec fu/. 7). This mature profile is developed more extensively than in the case

nf a podsol (see above) because of the faster rate of weathering of the argilla-

ceous rocks, but it is seen especially in wetter regions (rainfall greater than

30 inches per annum J and on the tops of ridges. In drier regions between 25 and

30 inches per annum weathering is probably not so rapid, as erosion is nearer

equilibrium with decomposition and only an immature form of the soil is

developed (see fig. 7),

Analyses show that in the drier extent of the grey-brown podsols the soil is

relatively higher in P..OR and total nitrogen but grades into a soil about three

times lower in H,/.). and total nitrogen approximately along the 35-inch isohyct

(see Appendix 1).

Ft appears that this decrease in nutrients is caused by increased leaching with

increased ramfail. This is .supported by the fact that the savannah formation

on the relatively high nutrient status grades imperceptibly into sclerophyllous

formation on the relatively low nutrient grey-brown podsols with increase in rain-

fall. In all cases the profile is acidic. However, the low nutrient grey-brown
podso! is from three to four times higher in nutrient status than the podsol.

As would be espeeted in sedimentary rocks, variations occur within the slate,

some tending to be more siliceous in composition than others. These slates con-

sequently give rise to a profile sandier than thai described above.

3. Catamorphic soils

The mam area on which these soils are developed lies between the coast and
the Ochre Cove Fault scarp. Thick beds of Miocene marine limestone occur in

the southern half of this fault block, while trappings of travertine limestone have
overlain the Adelaide Series in the northern halt\ and Miocene limestone in the

southern half of the fault block. On these limestones and other limestone out-

crops of the Adelaide Scries alkaline calcimorphie soils have developed.

The travertine limestone probably had a locssal origin during the arid

Pleistocene to Recent Periods as proposed by Crocker (8). With Faulting in the

Pliocene to Pleistocene, dissection of the original peneplain would occur, pro-

ducing valleys and completely eroding most of the Iateritic profile formed in the

Pliocene. Later in the arid period loessal matter would be deposited over the

soil of the whole area and leached to varying degrees, depending on the influen-

tial rainfall pattern. We can assume that, iu the Adelaide Hills, the partem ot

annual rainfall nuut have been much the same as at present (see fig. 1), but of

course lower in amount.

Consequently the calcium carhouate was entirely leached out in the higher

rainfall regions, either then or under ihe present climate. However, in the more
and region—now indicated by a rainfall less than 25 inches per annum—the

calcareous matter was leached down to the underlying rock and there deposited

as travertine, This travertine would be Formed over the whole topography but

subsequent erosion, especially in the present moistcr climate, has worn it away
greatly on the slopes ui^ completely in the valleys where the underlying rock is

exposed. Of course, it cannot be dismissed that the calcareous slates and

quartzitc might have added to the travertine, but it is too widespread over non-

calcareous rocks, especially near Tapley*3 Hill, iior this to account entirely tor its

origin. One would expect to find travertine overlying taterite in seme places.

Rut, as yrt. the only indications are the presence of ironstone within the traver-

tine or. Shepherd's Hill and around the degraded rendzina on O'Halloran Hill

(Sprigg 17). This laterite may be detrilal lumps from higher altitudes.

Stephens has also noticed a buried Iateritic profile about a mile north of Christie's

Beach (private communication).
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SOIL PROFILES
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Soil profiles characteristic of rendzinas, degraded rendzinas and deep neutral sands.

Over most of the travertine a dark greyish-brown loam has developed which
shows very little differentiation into horizons. The depth of the soil may vary

from 3 to 15 inches, but in many places the travertine is visible above the surface

(fig. 8). The soils are well supplied with organic matter and have a fairly high

nutrient status. These soils—rendzinas—- have been cleared of vegetation and
the land used extensively for cereal growing and vineyards.

Interspersed with the rendzinas near Reynella are small areas of red soil of

lighter texture, which resemble terra rossas. Soils allied to terra rossas have

developed on the Torrens and Beaumont limestone outcrops in the northern half

of the area, where they grade into the acid grey-brown podsols.

Under conditions of retarded -drainage the limestone has undergone extreme

decomposition, producing a deep degraded rendzina of heavy texture (fig. 8).

There is a narrow fringe of these deep black soils at the boundary between the

shallow rendzina soils and the grey-brown podsols.
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Along the Eden Fault scarp these calcimorphic soils grade into the red-
brown earths of the Adelaide Plains, while to the cast of their extent they grade
into soils allied to red-brown earths developed over slates.

4. Rcd-brozm- earths

This soil is developed on the Adelaide Plains where the rainfall is less than
25 inches per annum, and appears to grade imperceptibly into grey-brown podsols
along the Eden Fault scarp and into the calcimorphic soils in the south-west
corner of the Plain. As no survey or analyses have been made over this area,
the reader is referred to Piper (13) who gives a detailed description and analysis
of the profile developed at the Waite Institute (the Belalie loam). In general
the soil is relatively high in P,0

5 and nitrogen and becomes alkaline in the
H horizon, due to accumulation of calcium carbonate.

It is possible that the calcium carbonate in the profile is of the same loessal
origin as that proposed by Crocker to explain the origin of the mallee soils (8),
i he loess being deposited over the deep detrital soils of the Plain during (he arid
Pleistocene to Recent Periods and subsequently leached, especially in the moister
present climate, to form the red-brown earth profile. The degree of leaching,
especially of the calcium carbonate, depends to a large extent on the rainfall, for
at about the 25-inch isohyet there is a transition to allied grey-brown podsols
which have no trace of calcium carbonate in the profile.

5. Fcrrimorphic soils ( ?)

As these soils are of limited extent to the east of Mount Lofty Summit and
along the Torrens Gorge, little data is available. They are developed on schistose
and gneissic rocks of the Barossian Complex and appear to be lacking in profile
development. Superficially they are similar to the shallow form of the grey-
brown podsol and hi some cases are indistinguishable from it. From the sclero-
phyllous nature of the undershrubs, they arc apparently low in nutrient status.
As large areas of these soils occur to the north of the Torrens Gorge a more com-
plete examination of these soils will be made by one of us in a subsequent paper.

6. Deep sands with neutral reaction

These soils are of limited occurrence and occur mainly near Noarlunga and
Ilaekham. The soil consists of a grey surface horizon containing some organic
matter overlying a yellow-red or a yellow-grey sand at 3 to 8 inches. The under-
lying £ hurizon is a mottled light grey, yellow and red ferruginous sandstone
(see fig. 8). The soil is slightly alkaline throughout and has a poor nutrient
status. The coarse sand figure is very high, which suggests that the sand from
which the underlying sandstone was formed had been winnowed.

7. Miscellaneous soils

Several nther soils in addition to those described above occur only in *inajl

areas.

(1) Along the drainage lines which have cut into the Willunga Fault Scarp
near Kangarilla there is a soil which is waterlogged throughout the year.
The profile consists of two inches of grey sand containing organic mutter
overlying a light grey clay, which is particularly heavy and sticky. A
sclerophylluus formation dominated by E. Icucoxylan is developed over
this soil (see Appendix I),

(2) Near Seaview a red sandy soil occurs. 18 inches of red coarse sand over-
Hes red clay, which becomes heavier and yellower at 24 inches (see
Appendix 1),
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(3) Saline alluvial flats have been developed near the mouth of the Onlta-

paringa River. These consist mainly of variable Recent alluvium con-

taining shells. Parts are subject to flooding on exceptionally high tides,

as there is no part of the flats higher than 10 feet above sea level.
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Fig. 9

Diagram showing the relationship of the dominant Eucalypt species . with rainfall and nutrient
status of the soils.

THE VEGETATION
It was found on reconnaissance that numerous changes in the species com-

position of the vegetation occur over a very small area. Consequently it was
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deemed advisable that the autecology of individual species should be investigated.

A summary of the results obtained is shown in fig. 9, 10 and 11. Following the

discussion on the environmental range of the species, there is an endeavour to

group the species into logical communities, but of course any attempt is largely

artificial and only for convenience. The nomenclature of the species follows that

of Black (3) and Blakcly (4).

Eodorata E

3 13

JL_

EviminaliS

i-

1

1

7
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1

=4\̂
v\5

.8

Fig 10

Diagram illustrating the distribution of various species of Eu-calyptm in relation to soils

and rainfall. The numbers on the figures refer to soils named in Figure 5.

Hatching from right to left (downwards) indicates presence on South-fading aspects only-

Hatching from left to right (dowmvards) indicates presence on North-facing aspects only.

Cross-hatching indicates presence on hoth aspects.

A. Environmental Range
1A. Eucalyptus odoraki (peppermint gum)

This species warrants further investigation in regard to its acceptance as a
genotype, for, especially in its eastern limit, the peppermint gums exhibit a large

variation in characteristic features. R. G. Brett (private communication) suggests

that the species is actually a hybrid polymorph between Eucalyptus odorata.

Eucalyptus fasckulosa, and possibly a mallee with E. odorata the dominant
member of the cross. However as all peppermint gums, which show the same
wide range in morphology, agree with Blakely's broad description of E> odorata,

his description is accepted in this report.

E. odorata occurs within the drier part of the area, the 30-inch isohyet

forming approximately the upper limit of the species, wThtle the coast forms a

barrier to it reaching the lower limit of its potential range. The species appears
to be uninfluenced by the texture, the pH, or the nutrient status of the soil, for it
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flourishes equally well on red-brown earths, grey-brown podsols, podsols, residual

and truncated laterites, and over the calciinorphic soils which occur within this

rainfall range. It has been noted that towards the wetter limit ot its distribution

there is a marked tendency for the, species to occur on the drier northern aspect

only. Towards its drier limit the species is confined to soils of relatively high

water-retaining capacity such as calcimorphic soils and red-brown earths, but as

the rainfall increases, the species can spread over truncated laterites or residual

laterites with a shallow A horizon, both of which though low in nutrient status

have a day horizon near the surface. However, the peppermint guru* never occur

on the deeper lateritic sands nor on the skeletal podsols developed over the thick

quartzile Of the Adelaide Series. These soils have a relatively low water-retaining

capacity. These facts indicate that it is the moisture relations within the soil

which are the major controlling factors in its distribution. This is illustrated in

fig. 10.

The potential range of the species in this area is far wider than that found

in other parts of the State, for Crocker (7), Jessup (11) and Piper (13) have

shown that the species is restricted, in the areas which they studied, to red-brown

earths (.sometimes becoming slightly podsolised) within rainfall limits of 15 to

25 inches per annum. On Eyre Peninsula (7), where the maximum rainfall is

only 24 inrhes per annum, the species is restricted to the red-brown earths between

18 and 20 inches per annum, although podsols and residual podsols occur con-

tiguous to it.

Jessup (11) also deals with the drier limits (15 inches per annum) of the

distribution of £. odorata on the eastern side of the Mount Lofty Ranges.

Around Rordcrtown, in the Upper South-East, the species flourishes on calci-

morphic soils with a rainfall of 20 inches per annum, Hence it appears that in

the drier limit of its range E. odorata is mainly confined to alkaline soils of clayey

nature, which have a high water-retaining capacity, whereas a wider range in

regard Lo soils occurs towards its Wetter limit, provided the higher rainfall and

the lower water-retaining capacity nf these soils compensate to satisfy the water

requirements ot the developing E. adoraUh

IB. "Whipstick peppermint" ecotype of Eucalyptus odorata

At the foot of Black Hill on a podsol developed over the Mount Lofty

quartzite, two distinct areas of this "whipstiek mallee" occur within the E, fasci-

culosa scleropbyll community. The tree appeats to approach Blakely's descrip-

tion of E. odorata vat\ anffush'folia, although many of |fif trees exhibit fruits of

the same size as the typical /:. odorata.

As this ecotype of E. odorata is of restricted occurrence it -can only be noted

that the soil is a podsol, low in nutrient status, and developed with a rainfall of

approximately 25 inches per annum,

2. Eucalyptus leucoxylon (blue gum)

This species is largely controlled in its distribution by the moisture relations

within the soil. It occurs within the limits of the 25-inch and 40-inch rainfall

isohyets. but within this range it fa markedly influenced by aspect. In the drier

limits the species occurs either mixed with 11. odorata or alone on the shady,

moisten south-facing slope, but as the rainfall increases to about .10 inches per

annum it occupies both slopes, while with further increase the species is confined

lo the warmer, drier, north-facing slope of the ridges. This phenomenon is

masked in the northern half of the area where the rainfall increases rapidly along

the scarp from 25 inches to 30 inches pet annum within three-quarters of a mile.
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thus limiting E. frucoxylon to the north-facing slopes, whereas in the south the

same increase occurs gradually over two miles. Within this range occur grey-

brown podsois with relatively high nutrient status, and residual and truncated

laterites of relatively low nutrient status. However, although these soils differ

rn nutrient status, their water-retaining capacities, apart from the shallow sandy

horizon of the residual laterite, would be of the same order. The fact that water
relations play a large part in controlling the species distribution is further sub-

stantiated by the appearance of E. kucoxylon on residual laterites in the fringing

community around the deeper lateritie sands in the southern part of the area.

Here E. fasckulosa is distributed over the deep sands of the ridges with

£, Icucoxylon occupying an area, often only a Tew chains wide, on the shallower

sands of the residual lateritc, the clay horizon of which would tend to produce
better water relations within Lhe soil. In the wetter situations of the drainage
lines and adjacent flat areas, E cawaldiitemis takes the place of R. leuco.vyfon.

£, (wnaldulensis also tends to supplant £. lencoxylon over the grey-brown
podsois on wetter ridges along Lhe Torrens Gorge, the Sturt River, and the River
Onkapannga. However, two exceptions to this general scheme occur.

The podsois developed on the Mount Lofty quartzite act as a barrier to the
distribution of the species. Wherever podsois occur, in whatever rainfall, there

ts a sharp division between the blue gums on the grey-brown podsois and the
"stringybark complex" on the podsois. This is rather curious, for the podsois
and laterites- are of approximately the same acidity and nutrient status in P..G5
and nitrogen. Of course, most of the podsois are of a very skeletal nature.
especially in their drier limit, and possess a low water-retaining capacity. This
fact may be of value, but there is no gradual transition evident from blue gum
to rhe "stringvbark complex" as there is with increase in rainfall and decrease in

P
2O and nitrogen with leaching on the grey-brown podsois. This data suggests

that some other factor is influencing its distribution as well as moisture relation-

ships. It may he. micro-nutrient deficiency on the podsois. It may be bound up
with competition between the trees of the

*

'stringy-haik complex*' and the "blue
gums."

There is also a small occurrence of blue gums on deep lateritie sands near
Happy ValW Reservoir which seems an exception to the general scheme of water
relations. Fig. 10 shows the general relationship existing between 1L lencoxylon,
soils, and rainfall. In other parts of the State water relations scan to be ft pro-
minent controlling factor. On the eastern side of the Mount Lofty Range
Jcssup (It) has found blue gums occurring on red-brown earths with a rainfall

as low as 15 inches per annum. It should be noted that these soils would possess
a relatively high water -retaining capacity. 15ciomsma (5), working on the Southern
Flinders Ranges, also gives evidence which indicates that water relations play a
large part iu the species' potential environment He found blue gums along the
watercourses where che annual rainfall was over 16 inches, on red-brown earths
with an annual rainfall greater Hum 17 inches, and on podsois of lower water-
retammg capacity with 411 annual rainfall greater than 21 inches for savannah
and greater than 26 inches for sderuphyll formations associated wilh it.

3 Eiaalypius viminalis (manna gum)

This species occupies the moister, south-facing aspect of the ridges with
E. kuroxylon or R. cantol*! trfenst's occupying the northern aspect between the.

.'•*0- and 40-inch isohyets (see above). In higher rainfall areas it lends to occur
along watercourses. The density of the trees increases with rainfall from an open
woodland on the drier side to a closed forest in its wetitr limit. Although llus

species occurs in .small areas on truncated lateritie soils it is largely confined lo
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the richer grey-brown podsols. This is probably due to higher water relation-

ships within the grey-brown podsols. The distribution of E; viminalis in relation

to soils and rainfall is shown in jig, 10.

4. Eucalyptus camaldtilensis (syn. £. rostrata) (river red gum)
In the drier limit of the area this species is confined to the creek beds or to

some distance on each side, but along the Rivers Torrens, Sturt and Onkaparinga,
where the annual rainfall is greater than 27 inches, it extends over larger areas.

The species is confined to grey-brown podsols on the slopes a^id ridges and
alluvial soils in the valleys, both soils being rich in P

2 5
and nitrogen and having

high water relations. Where the redgums extend over the ridges near the rivers

they tend to occupy a similar habitat to that of E. leucoxylon on ridges along-

side minor streams. The species does not extend into areas with rainfall greater

than 35 inches per annum. Its soil and rainfall requirements are summarised
in fig. 10.

5. Eucalyptus obliqua (stringybark)

This species is a dwarf ecotype of the species growing in the eastern States,

for it rarely grows higher than 80 feet.

This stringybark occurs on a wide variety of soils, such as podsols, highly

leached grey-brown podsols, lateritic soils, and ferrimorphic soils (all of which
arc low in P

2 5 and nitrogen), provided the annual rainfall is greater than

E obliqua E.fasciculoaammmmm<—5«^2l
£5£*

8

E.Baxter E. cosmophylla

Fig. 11

Diagram illustrating the distribution of various species of Eucalyptus in relation to soils
and rainfall. The numbers on the figures refer to soils named in Figure 5.

Hatching from right to left (downwards) indicates presence on South-facing aspects only.
Hatching from left to right (downwards) indicates presence on North-facing aspects only.
Cross hatching indicates presence on all aspects.
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approximately 35 inches. U extends up to the maximum rainfall for the area of

48 inches per annum on Mount Lofty Summit. Aspect plays a part in its dis-

tribution towards its drier limit, for it tends to occupy the moister southern

aspect On the grey-brown podsols it tends to form either a pure community or

one mixed with E. 7'ijnifwUs on the southern aspect, while a pure community of

K, ieucoxylon occurs on the northern avSpcct, Similarly towards the drier limit

of E. obliqua on the podsols, E. obliqua lends to occur with E. Baxtcri on rhe

southern aspect, while E. Baxteri and E. fajekutosa occur on the northern, The
soil and rainfall requirements of £. obliqua are illustrated in fig. 11.

If we remember that a large percentage of the rainfall is lost to the soiL by

run-off in the Adelaide Hills, the environmental ranges found by Crocker on the

low undulating" sand-dunes of the. South-East (6), and by Baldwin and Crocker

on the flat lateritic peneplain of Kangaroo Island (2) are comparable to that

shown above for the Adelaide Hills. It should be noted here that on the flatter

country or the other two localities the lower rainfall limit of the species may be

as low as 24 inches per annum.

6. Eucalyptus Baxtcri (brown stringyhark)

This species has a restricted range of soil nutrients, occurring on only the

very poor podsols, hut with a wider moisture range than that of E. obliqua (see

fig. 11). This is especially evident where the podsols developed over the thick

quart2itc of the Adelaide Series occur in regions with rainfall as low as

30 inches per annum such as on Black Hill, Morialta and Stonyfell Ridge. In

these localities E. Baxteri tends to occur with E, fasckulosa on the moister south-

facing side of the ridge towards its drier limit, while E. fast-ienhsa occupies the

northern aspect alone. However, with increase in rainfall E. Baxtcri soon
occupies both aspects, while E. obliqua occurs with it at first on only the southern

aspect but eventually at about the 35-inch isohyet on both aspects. As the rainfall

increases still further E, Baxtcri tends to be more prevalent on the skeletal

quarUite^ than E. obliqua, and where the podsols are better developed there is a
tendency for E, Baxtcri to occur on only the drier aspects.

However., although the environment appears to be suited for its growth, no
specimen of E. Baxtcri was found on the podsol on Acklauds Hill Taylor and
O'Donnell (21) have noted E. Baxtcri occurring on truncated laterite in the

Hundred of Kuitpo, and the authors have noted similar occurrences further

down the Fleurieu Peninsula. Considering these occurrences, it at first seems
rather surprising that E. Baxtcri is not found On the lateritic soils of the area,

but on closer examination it is seen that these soils are mainly in regions with

annual rainfall less than 35 inches, and this wetter limit is near the apparently

anomalous area on Ack1and*s Hill.

Taking into consideration the effect of differences of topography on moisture

relations within the soil between the Adelaide Hills, Kangaroo Island (lower

rainfall limit approximately 20 inches per annum) and the South-East (lower

limit about 22 inches per annum), the environmental range of E, Baxteri is

similar in the three habitats, that i^, the species is restricted to soils very low in

PmO
s
and nitrogen such as podsols and lateritcs, and with a lower range of

moisture relations than E. obliqua.

It. Eucalyptus fasciculosa (pink gum)

This species occupies the driest position in the "stringyhark complex",

occurring in areas with rainfoll as low as 22 inches per annum and extending up
to 40 inches pec annum. In all the localities where this species has been found

the soil is acidic and low in P2Og
and nitrogen, but the texture of the soils (all



phases nf lateritc podsols. highly leached grey-brown podsols and ferrimorphic

soils), varies considerably.

In its drier [font the species is confined to podsols and residual laterites with
a deep sandy A horizon or deep lateritic sand*, the species maintaining Us posi-

tion only by the fact that these soils have a very low water-retaining capacity.

When the A horizon becomes shallower, the water relations of the soil for the
same climate improve, and E. fasriculosa gives way to E. Icucoxylon. As most
<jf the country where n occurs is gently undulating, aspect here plays little part.

in the drier limit of its distribution on the podsol of Black Hill, Rocky Hitl

and Stonyfell Ridge the species occurs pure on steep, skeletal, quartzite slopes
on all aspects. As the rainfall increases E. Baxieri appears mixed with it on the
southern aspect with pink gum pure on die northern aspect, and with further
rainfall increases E. Baxieri occurs with it on both aspects, At about 35 inches
per annum, as mentioned above, E. abliqua appears and the pink gum tends to
he confined to the drier aspects, the sue of the area it occupies becoming pro-
gressively smaller until only a few scattered trees occasionally occur within the
"stringybark complex" at about the 40-inch isohyet The fact that the 40-inch
isohyet is approximately the species' upper limit explains its absence, on soils of
low nutrient status between Stonyfell Ridge and National Park, The soil

and rainfall requirements of is, fasaculosa are illustrated it) fig. II.

As this species occupies only small areas in the broad survey carried out by
Crocker in ihe South-East (6) little comparison can he made. One author (Spechl)
however, has noted on the leached sands of the South-East, that as the rainfall
decreases E, fascicuhsa tends to become more prevalent and to supplant
El Baxieri. On the eastern side of the Mount Lofty Ranges Jessup (11) has
shown that the species occurs over relatively rich red-brown earths in a rainfall

;is low as 15 inches per annum. This seems anomalous compared with the
environmental range lound on the western side.

8. £. cosmophylla (scrub or cup gum)

E. cosmophylla occurs in limited ureas throughout the "stringybark com-
plex" with rainfall between 35 inches and 45 inches per annum, principally on
podsolic and laterUic soils and always on the sunny aspects of the ridges (see
fig 11). A pure community occurs on a steep north-facing quartzite slope in
Waterfall Gully and in the Brownhill Creek watershed. The species tends to be
limited in extent because of competition with other taller Eucalypts which obstruct
the sunlight. Thus E. cosmophylla tends to develop on very skeletal soils
where the scarcity of soil restricts the number of other Eucalvptus species
developing. The fact that the direct effect of insolation is a marked controlling
factor is supported by the occurrence of scrub gum on only the sunny aspects!
no matter what the rainfall. Taking into account the difference in topography
this environmental range corresponds to that found on Kangaroo Island by
Baldwin and Crocker (2). On Kangaroo Island the direct effect of isolation does
not apply, for the area is a latcritic penqilain.

9. Eucalyptus rubida (candle-bark or white gum)
This species occupies a considerable area around gully heads on highly

leached grey-brown podsols with a rainfall greater than 45~inches per annum.
As the annual rain Fall decreases to 35 inches the species is confined to a narrow
belt of wet alluvial soil along the larger creeks. Its distribution in relation tu
^oil and ramfall is illustrated in fig, 10.
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10. Eucalyptus claeophora (bastard box)

As this species only makes its appearance in the extreme north of the area

no attempt has been made to determine its environmental range. This will he

dealt with in a later paper. In this area the bastard box occurs on podsols and
ferrimorphic soils of low nutrient status.

11. Cosuarina strkia (drooping sheoak)

This species occurs scattered amongst E. odoraia and E. leucoxylon on.

various soils from the coast to about the 35-inch isohyet. On very steep cliff*

such as occur in the Torrens Gorge, Morialta, Slapc's Gully, near the first water-

fall in Waterfall Gully, the Sturt and Onkapartnga gorges, pure communities

may be developed on either aspect. The sheoak occurs' with Banksia near Noar-

lunga and Hackham on deep siliceous sands of neutral reaction and of low water-

retaining capacity with a rainfall 20 to 22 inches. From this evidence it appears

that Ca^uaf'ina stricia. can exist in much drier habitats than E. odoraia, which

often occurs in contiguous habitats which are less steep or, as in the case of the

deep sands, of higher water-retaining capacity. This evidence is supported by

the occurrence of Casuarhta strtcta on shallow gneissic soils along the dry Palmer

scarp on the east of the Mount Lofty Ranges, with a rainfall of 20 inches per

annum. This stand extends to the south, where it occurs on very shallow red-

brown earths (with terra rossa affinities) around Lake Alexandria (Jessup 11).

Here the rainfall is about 15 inches per annum. On Eyre Peninsula Crocker (7)
has found the species occurring over calcimorphic soils and skeletal gneissic

soils from 14 to 22 inches per annum.

Crocker (6) has also found Casuarina strtcta associated with sandy terra

rorisas in the Suuth-East, where the rainfall is as high as 28 inches per annum.
These observations suggest that Casuarina stricta can exist over a wide range of

.soils in respect of reaction, nutrient status and texture, but appears to he limited

lo those conditions in which the compensating moisture relations arc low.

12. Hybrids

Hybrids between different species of Eucalyptus have been found especially

at the junction of the distribution of two species. The<,e hybrids posses
characters intermediate between the two parent species* making identification of

some trees difficult. Such a case occurs between E, viminalis and /s. camaldu-
lensis giving rise to trees with anomalous E. vimifuilis fruits, and between
E, inminaHs and E. ruhida, thus forming stands of trees which gradually grade
from one species into another.

Hybrids also occur between E, viminalis and £. leucoxylon, E. obliqua and
E, BaxUri, E, odorata and E. lc&coxy!on

f and £. camaldulensis and E. Icucoxyiott.

13. Formations

As is the case of the species of the first stratum, the undershrubs exist over
a definite environmental range, some being ecological wjdes, others having a

limited range In general there arc two definite formations—the savannah
woodland formation being developed over soils rich in P2O and nitrogen, such
as rcd-bruwn earths, calcimorphic soils and the slightly leached grey-brown
podsols, while a sclcrophyllous formation occurs on more heavily leached grey-

brown podsols, podsols, laterites and ferrimorphic soils which are lower in J?JP6
and nitrogen. On the grey-brown podsols a transition between savannah and
selcrophyll occurs. This is probably countered with increased leaching with
increased rainfall. However, an abrupt change occurs at the junction between
richer soils and podsols. Within the formations, variation within the under-
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Fig, 12

Map showing the distribution nf the formations.

shrubs occurs with every microhabitat, sonic species being dominant in one

locality, others in another, hut throughout the formation the same composition

usually occurs. Conospermum patens and Hypohena fastigiala arc restricted to

the residual laterite on the Edcn-Moana fault block, while Bcnksia ornata

appears on the deep lateritic sands on the Ochre Cover fault block. In all cases

the formations are developed independently of the dominant trees.
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Some characteristic species (e.g„ Hibbertia acicutaris, Oharia ramulosa, etc.)

are ecological wides and occur throughout the savannah and scleroplnll. bin
extreme splitting would come into ecological classification if these species werr
taken into account, Further investigation, however, is warranted inta the
autecology of individual species of the lower strata.

Tile distribution of the formations is fndicated in fig. 12 and in pi, VI,

B, Classification of tick Plant Com m unities

In classifying- plant communities the authors have adhered as closely as
possible to the scheme proposed by Wood (9). An association is defined as an}
natural group of species occurring in similar habitats. When there is a modifica-
tion of only the dominant tree stratum of an association by a small change in
environment, these^ stands are called vegetation types of the association. If,
however, the associated undcrshrubs change with the microhabitat over a small
area while the tree stratum of the association remains the same, these stands are
termed societies of the association. The term community is used for any
assemblage of plants. All the communities appear to be climax communities,
the only communities showing serai relationships occurring in the swamps and
sandhills or as stages in the regeneration of forests after clearing and burning.

The vegetation has been classified into nine associations, the relationships
and environments of which are summarised m Table L

I. Eucalyptus odorata association (sec pi. VIII, fig. 3)
Within the rainfall limit of 30 inches per annum a pure association of

E. odorata savannah woodland occurs over red-brown earths, calcimorphic soils.
and grey-brown podsols. Over all this area E. odorata grows to a small tree less
than 30 feet in height or may assume a "mallee" habit. Associated with it and
sometimes eodominunt are Melaleuca pubesvens (on the calcimorphic soils) and
Casuarina slricia, both of which are small trees. Acacia pyenantha also forms
a distinct second stratum with grasses such as Danthonia spp., SHpa spp, and
Thcmeda australis, visually constituting the ground stratum, However, the
savannah woodland has been invaded by a large number of introduced plants,
which in many cases alter the fades of the association, e.g., olive (Olea europaea),
hawthorn^ (Crataegus monogyna) or dog rose (Rosa ^canina), but usually the
fades is little changed, for even though the invaders are numerous they are small.

The land on which this association occurs is some of the best m the area.
Much, of it has been cleared and is now being used for cereal growing, vineyards
and grazing.

A florisliclist is given in Appendix TI.

2. Eucalyptus leuco.vyhn- Eucalyptus vimhtalis association

This association lies between the 30 and 35-inch isohyets on grey-brown
podsols and truncated laterites, E. hntco.i-ylon occupying the dmr northern aspect
of the ridges between the 30- and 35-inch isohyets. with E. viminalis on the
moister southern aspects. The undcrshrubs are "essentially the same as in the
E. odorata association, with Hibbertia adcufaris and Olearia ramulosa more
prevalent. The undcrshrubs show no variation at all with aspect. J fence as these
two Eucalyptus species tend to occur mixed on the top* of the ridges and further
south, it is best to look upon these pure stands with similar imdershrubs, as& teucoxykm and E. tnmmatis woodland types differentiated by mierohabitats
within the £, Icucoxylon- E. vUninalis association,

Between the 25- and 30-inch isohyets E. leucoxylon occupies the moister
southern aspect either alone nr mixed with E. odorata. E. odorata then occurs
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on the drier northern aspect. These pure E. leucoxylon savannah woodland
stands may be considered as art /L leucoxylon type of the above association, foi

it occupies a similar microhabltat. However, although the mixed savannah stand

of E. leucoxylon and E, odorata occupies a similar place to (the E. leucoxylon

type, it muM be considered as an ecotone, between the two associations.

3. Eucalyptus camahlnlenns association (see pi VIII, fig. 1)

This association is welt defined. As the distribution and the environmental

range of E, eoniaUulouis has been discussed above, there, is no need For recapitu-

lation. Along the creek beds Cypcrus vaginatux, together with Juncus pallidas

and /. polyanthemos, are the dominant plants. Occasionally Cyitsus canariensis

and Rubus fruticosus have invaded the association in the wetter regions. How-
ever, away from the creeks the vegelaiion is of (he same savannah type as occurs

wilhin the E. leucoxylon — E. ithninalis association, in the watercourses amongst
the lateritic sands Leptospernum pubesci-ns, Melaleuca decusxaia, Callistnnou

saligrius, Acacia rhetinoides, and A, vorniciflup occur as well as the species men-
tioned above.

4. Casnarina stricta association (see pi, IX. fig. 4)

This association occurs in limited areas of extremely low water relationships,

such as steep rocky slopes and the deep siliceous sands of neutral reaction near

Noarlunga and Hackham, where the rainfall it; just over 20 inches per annum.
On these deep siliceous sands Banksia viarginata and, in some places, Callitris

propinqua, arc codominant. Here the association is definitely selcrophylTous, the

most important plants being Xantlwnhcfca semlphina and Adctutntlios tcrmmidw.
Other common shrubs are J)odonaea viscosa, Bursuria sphwsa, Olcaria romtdnsa,
Exticorpus cuprcxsifornhiSj Calythrix tetragona, Acaaa pycnanlha> A. arwaia,
Banksia ornata, Hibbertia stricta, Grcvilleu lav<Uidulacea> and Kcnncdya prostrate.

Ascleptas roiundifolia and Solannm sodowavum have invaded the area. Scirjws
nodosus and Lcpidosperma carphoides are fairly common, while Muchlenhcckut
adprp.s$a> Qrrpobrotus aequilatende, and Adenanthvs ternimalis occupy large areata

of ground. Of the herbaceous plants Oenothera odorata and Salvia vcrbenaca
are common, while the grasses Enncafwgon nigricans, Themeda austrole and
Brim maxima occur sparingly. Loranthus Aliguelii sometimes infests Casuarina
stricta.

On steep slopes the association approaches a sdcrophyllous community,
Xanthorrhoea quadrangulata in particular being dominant. Exocarpus cuprvssi-

formis, Bursaria spinosa, Dndouuca viscosa, Olcaria nimulosa, Banksia marginata,
Asdepius roiundifolia and Osteospermum monilifermn are often prevalent,

together with ferns such as Cheilanthes tcnuifolia and PleitroSorus rutifalius and
the grasses Theiw'da uustralis, S/ipa setacea and Danthonia semiannidaris.
Loranthus exocarpi occurs occasionally on Casu\trhui stricta and Exocarpus
cuprcssiformis.

From the nature of the Casuanna striehi association it seems that it could
be classed as an extremely dry association uf the "stringybark edaphic complex/ 5

In some parts, however, it has closer affinities to a savannah woodland formation,
while according to Wood (24) a savannah woodland formation of Casnarina
stricta occurs on rendzinas near Pnrt Noarhinga,

5- "Stringybark edaphic complex' (sec pi. VIII, rig. 2, i t
4, and IX, fg, 1, 2, 3).

On soils low in nutrient scatus, provided the water relations do nol permit

the development of E, odorata or E. leucoxylon, there nccur >ix species of

Eucalyptus ^namely E. fasciculosa, E. Raxtcn
t E, obliqtut, £. coSmophylla,
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E. fubida and E. elaeophora) whose environmental ranges coincide with the

habitats found within this section. All of these six species are extremely sen-

sitive to small changes in environment. As shown above, the distribution of all

is controlled by the moisture relationships within the soil and the nature and/or
the P^Ojj and nitrogen level of the soil, while E. cosmophylla is probably con-
trol lecf by insolation.

In dissected country, especially with a complex pedology such as occurs in

the Adelaide Hills, a large number of micro-habitats occur every few chains.

Each microhabitat is favourable for the development of a certain combination
of Eucalyptus species and undershrubs whose autecology coincides with the con-
ditions at that spot. Thus we have a large number of combinations of species

produced, each occupying only a limited area (which is often quite small but may
be up to a couple of square miles in extent).

Hence, within the area, it is possible to distinguish the combinations of

Euca!yptu> species xvhich occur in similar habitats which are set out in Table II.

Table II

On podsols and lateritks On crev-ijrown poosols

E. obliqua E> obliqua

E. obliqua- E. Baxteri £, obliqua -E. fasciculosa

E. obliqua- E. Baxteri- E, fasciculosa E. obliqua- E, ntbida
E. obliqua- E. Baxteri- E. cosmophylla E, fasciculosa-

&

t cosmophylla
E, obliqua- E. Baxteri-E, cosmophylla- E, fasciculosa

E. fasciculosa E, ntbida
E, obliqua - E. fasciculosa

E, obliqua- E. fasciculosa- E. cosmo-
phylla

E. Baxteri- E. fasciculosa On feurimorpuic soils
E. Baxteri^ E. fasciculosa- E. cosmo- E. elaeophora-

phylla E. elaeophora- E. fasckidosa
E. Baxteri- E, cosmophylla Em elaeophora- E. obliqua

E, fasciculosa E, obliqua

E. cosmophylla

In general the undershrubs constitute a sclerophyllous community of

remarkably constant composition no matter wrhat the combination of dominant
trees, although the frequency of the individual species varies with the micro-
habitats. However, these changes in the frequency of the species may occur
within a single combination of Eucalyptus species as well as between combina-
tions, thus giving little significance to the use of the undershrubs in an attempt
to classify the communities under discussion.

A glance at the map of the distribution of the six Eucalyptus species in the

area under discussion reveals the extreme difficulty of formulating a satisfactory

system of classification of the combinations of these species. Considering the

variability of the micro-habitats over a small area, it seems justifiable to consider

areas containing these species where a more uniform habitat exists. Such a case

is found on the more level topography of the lateritic peneplain of Kangaroo
Island and the sand-dune ranges of the South-East. On Kangaroo Island

E. Baxteri- E. cosmophylla sclerophyll association is present over a wide area
with E, obliqua, E. Baxteri and E. cosmophylla occurring mixed in the wetter
regions (2). In the South-East, E. Baxteri sclerophyll association occurs over
wide areas of a uniform edaphic condition with E. obliqua occurring on the better

soils with a rainfall greater than 24 inches per annum (6). We therefore see
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that under a more uniform habitat the same species (both trees and undershrubs)

will be present in the same combination and frequency over a wide area and can

be classified as an association. On close examination of the Adelaide Hills the

E. obliqua- E. Baxfcri association of the South-East and the E> Baxteri-

K. coxmophylla association of Kangaroo Island are apparent over small areas

where an analogous environment is present.

As E. fascicuhsa occurs pure in large areas toward the drier limit of the

complex it seems logical to class this as an association, E. obliqua also tends to

occur pure over the highly leached grey-brown podsols. Definite areas of

£. rubida occur along the watercourses in a rainfall of 35 to 45 inches per annum,
and in larger areas on grey-brown podsols in the wetter regions. Hence we
could separate an E, obliqua association and an E. rubida association* but for

further evidence to support these last two associations we shall have to look to

the eastern States.

It is seen that within the "stringybark edaphic complex" ihere: are possibly

at least five associations, namely :

—

E* obliqua association E> fasekulosa association

E, obliqua -E. Baxteri association E. rubida association

E. Baxteri—E. coswophylla association

As only the southern limit of E. elacophora occurs in the area, no conclusion

can be reached as y&t as to its status in the "stringybark complex".

The other combinations may be regarded as forest types or ecotones of the

above associations.

The dominant undershrubs of this dry sclerophyllous cdaphic complex vary

from place to place independently of the tree species. Usually about six species

(Acacia myrtifolia}
Pultenaea daphtioidzs, Lep tospermum scoparinm, Epacris

impressa, Hakea rostrata, Xanthorrtwca semiplana) appear to be codominant,

but local variations in percentage frequency occur, On the grey-brown podsols

Daznesia corymbosa tends tu become a codominant undershrnb as well. On the

deeper residual lateritic podsols near Blewitt's Springs with a rainfall of 25 to

30 inches per annum Banksiu omata becomes a codominant undershrub, while

under swampy conditions Bttnksia omata is replaced by CaMislemon spp. Often
Pteridium aquilinum and grasses have become dominant on the highly leached

grey-brown podsols and lateritcs after clearing.

A flnristic list is given iu Appendix II.

Cytisus canadensis, Vhx europaeus and Rubus fruticosus have invaded the

complfx in places, especially along the roads.

The moist shady valleys of Waterfall Gully tend to develop a peaty swamp
vegetation with dense stands of Lvptoxpn-mum pubescent Cahnia trifida and
Gaodenia oimta, while on the edges occas»onat Utricularia dhhotoma, Sprengclia

incarnaia and the fern Schisaea ftstulosa occur. It is within these swamps that

specimens of Todea barbara occur. The swamps do not persist far down the

creek but give way to moist regions which support dense mats of ferns such as

Glcichenia circinaia, BUchnum capense.. B. discolor, Adhmtum aethiopkum and
Pteridium aqnitinum, together with an occasional specimen of Asplenium flabclli-

folium and Phurosurus rutifoliuS. Similar swampy creeks are found near

Longwood.
In the creeks near Heathfield large quantities of Aponogeton distachyux

(Cape pond weed) and Lemna minor can be found in spring.

6. Ecotones

(I) Ecotones; in the sense of transition rones rather than tension belts, occur

between all the associations, but especially along the junction of the "Stringyhark
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edapbic complex" and other associations, as here we have seven Eucalypt species

with overlapping environmental ranges.

(2) £. odorata -E, leucoxyfon ~ E. fasciculosa ecotone. E. lencoxy?Q>n and

E~ odorata have overlapping environmental ranges between the 25" and 30"

isohyets on hoth the grey-brown podsols and laterttes of the Eden-Moana. Fanlt

.Block. Towards the drier limit £. leucoxyton occupies the shady moister aspect

of the ridges, whereas towards the wetter it spreads out over both aspects.

E. odorata is here unaffected by aspect and occurs mixed with E r leucoxyton

up to the 30" isohyct. Such stands occur on the Edcn-Moana Fault Block from
Happy Valley Reservoir to National Park. As shown above, the nutrient status

of jjrey-brown podsols and late-rites is different, the laterites being low whereas
Ihe grey-brown podsols arc relatively high. Consequently, although (he Eucalyptus-

species are not affected, the undershrubs are respectively those associated with

sclerophyllous and savannah communities. On the shallow lateritic residual

podsols of the Ochre Cnve Fault Block an E. leucoxyton sclerophyllous com-
munity containing a few isolated trees of E- fasciculosa merges into the E. fasci-

cuiosa association of the "stringybark-edaphic complex" on the deeper lateritic

residual podsols. This association contains an occasional tree of E, teitenxykm,

Throughout the areas of blue gum and peppermint gum mentioned above, small

areas of an E. vimbuiUs sclerophyllous community occur.

The difficulty arises in classifying such stands. As the. Et leusoxylon-

E. odorata sclerophyllous community has a constant structure over a considerable

area, one could look upon this as an association, with the E, leucoxyton sclero-

phyllous stand, such as occurs on the Ochre Cove Fault Block and at Happy Valley

Reservoir, as a sclerophyllous woodland type within the association. However,
us pointed out above, there is a marked change in the undershrubs independently

of the associated trees, so that E. leucoxyton - E. odorata savannah and
E. leucoxyton- E, odorata scleraphyito us woodlands occur contiguously over
considerable areas. This change in the undershrubs is too vast to allow the

stands to be classified as societies within the same association. The presence of

patches of E. znminalis throughout, and occasional trees of E. fasciculosa in the

stands on the Ochre Cove Fault Block, provides further evidence that the stands

do not constitute an association. It therefore seems better to regard the stands

as an ecotone between the three associations, occurring at its limits, t>_, the

£. odorata savannah woodland association, the E. leucoxyton - E. viminalis

savannah woodland association, and the E fasciculosa sclerophylt woodland
association.

The species composition of the savannah stands is similar to tliat of the

E. odorata association. In the sclerophyllous stands several undershrubs are co-

dominant. On the Eden-Moana Fault Block Banksia marghwta, Adenanthos
terminalis and Kunsca pomifera are prevalent in the south on the deeper residual

laterite whereas Xanthorrhoca semiplona, HaJtea rostrata and J/, ulicina are

prevalent in the north on truncated laterite. A list of the species present in the

sclerophyll stand is given in the appendix.
The "whipstick mallee" form of E. odorata on the podsol at the foot of

Black Hill could possibly be classed within this ecotone.

7. Miscellaneous communities which occupy only smalt areas

(1) Coastal Sandhill communities

At Port Noarlunga and Christie's Beach there are small areas of sandhills

on which distinct communities develop.

A, At Port Noarlunga the dominant plants arc three shrubs. Acacia hngi

folia, Myopormn insutare and Olearia axillaris, which all grow to a height of
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4 to 6 feet. The most important associated plants are Calocephalus Broumii,
Leucopogon parviflorus, Arctotis stoechadifolia, Muehlenbcc'kia adpressa, Cakile
maritima, Carpobrotus aequilaterale, Rhagodia baccata, Suaeda australis, Spinifex
hirsutus and Scirpus nodosus. Others which occur much less frequently are
Dianclla revoluta, Scacvola crassifolia, Kennedya prostrata, Pimelea serpyllifolia,
Lotus australis, Lusida campestris and the grass Lagurus ovatus. It should be
noted that a large proportion of these plants are prostrate creeping plants. All
the plants are stuped and dwarfed owing to the poor and saline nature of the
soil and the exposed position.

B. At Christie's Beach there is a smaller area of dimes which are not as
well stabilised as those at Port Noarlunga. The flora is not as well developed,
the dominant and sometimes only plant being Ammophila arenaria. Other plants
are infrequent, but the Following do occur ;—Acacia longifolia, Olearia axillaris,
Diunclla rezrolufa and Euphorbia terracina.

(2) Coastal cliff communities

With the exception of the two small areas of sandhills mentioned above the
coastline is generally marked by cliffs, the vegetation of which, besides being
extremely variable, is scattered and stunted owing to the exposed conditions and
shallow soils. The chief shrubs present are Alyxia buxifolia, Myoporum insularc,
Olearia ramulosa, Beyeria LeschenaultH

3 Nitraria Schoberi, Acacia ligulata,
A. lojujrfoluh Eutaxia microphylla, Atriplcx paludosum, Enchylaena villosa,
Rhagodia baccaia, Pomaderris racemosa, Melaleuca decussata, arid Westringia
rtgida. Other plants which commonly occur are Carpobrodis aequHaterale,
Scacvola microcarpa, Myoporum parvifolvum, Zygophyllunt BiUardieri, Kennedya
prostrata, Dampiera rosmarinifolia, Dianella rcvoluta, Cakile maritima, Oenothera
odorata, Asphodclus ftshthsus and Vdleia paradoxa.

(3) Coastal Swamps
Near the mouth of the Onkaparinga river there is n small area of saline

swamp, some of which is subject to flooding at high tides. This small area
contains the best example of succession found during the survey. The sere can
be illustrated as follows:

—

Arthrocncmmn sp.

i

v
Arthrocneinum sp. - Salicorm'a sp.

I

V
Salicomia ^.-Atriplex paludosum

I

V
V Alriplex paludosum - Ah' I raria Schobcn

The direction of the arrows indicates deeper water table, decreasing salinity
and less frequent flooding.

A. In the lowest areas which are subject 1o flooding at high tides
Arthrocnemmn sp. is the first plant to become established. The spreading habit
of this plant leads to a gradual raising of the ground level due to collection
of alluvial material.
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B. On the slightly higher areas not subject to such frequent flooding

Salicornia sp, becomes codominant with Arthrocnemnm. Associated with these

two plants is Samohts repens.

C. Where flooding is rare and only occurs at exceptionally high tides

Arthrocnemum is not so important although still present. The dominants in this

part are Salicornia sp. and Atriplcx paludosum. Associated with them arc

Swiolus repots, Plagianthus microphyllus, Koclm oppositifolia, Frankenia paua-

flora, and Carpobrotus aeqmlaterale,

D. The highest parts of the swamp are only flooded by the infrequent fresh-

water floods caused by overflowing of the Onkaparinga River. A more complete

vegetative cover is present. The dominants are Nitraria Sclwberi and Atriplex

paludasum. and associated with them are Salicornia sp., Arihrocnemimt sp-,

Enchylaena. irillosa, Suaeda australis, Rhagodia baccato, Plagionthus microphyllus,

Wilsotiia kumilis, Carpobrotus acquilaterale, Frankenia pauciflora and Distichlis

spicata. Juncus maritimus is common in some parts.

SUMMARY
This paper deals with the ecology of portion of the Mount Lofty Ranges

between the River Torrens and Noarlunga.

Working on the premise that every plant has a certain potential environ-

ment, the climate, soils and vegetation have been studied and attempts made to

correlate the distribution of the dominant trees and association with the environ-

ment.

Both mechanical and chemical analyses have been made on soil samples

typical of each of the soil groups present in the area, and suggestions are given

as to the genesis of each soil.

To add breadth to any conclusions drawn from the data collected, the

environmental range of the dominant species is discussed with reference to their

environment in other parts of South Australia which have been studied by other

ecologists.

ACKNOWLEDGMENTS
It would be impossible here to satisfactorily acknowledge the great assistance

which has been so willingly given in this research by a large number of people.

We can sincerely say that'their help has been greatly appreciated. In particular

we would like to express our appreciation of the help and advice which has been

so readily given by Professor J. G. Wood.

REFERENCES
( 1

) Adamson, R. S« and Osborn, T. G. B. 1924 The Ecology of the Eucalyp-

tus Forests of the Mount Lofty Ranges (S. Aust.). Trans. Roy Soc.

5. Aust. 48

(2) Baldwin, J. G., and Crocker, R. L. 1941 Soils and Vegetation of por-

tion of Kangaroo Island. Trans. Roy. Soc. S, Aust, 65, (1)

(3) Black, J. M. 1921 Flora of S. Aust. Govt. Printer, Adelaide

(4) BlAkely, W. F. 1934 A Key to the Eucalypts. Sydney

(5) BooMSMA. C, D. 1946 The Vegetation of the Southern Flinders Ranges

(S. Aust) Trans. Roy. Soc. S- Aust., 70, (2)



Trans. Roy. Soc. S. Avst., August, 1948 hpECTIT AND Pe'rRV

river

TORRENS

o o >er o
4 4

O/TT^tf o O O
4 4 4

q^-e*^. o $ p o o pv
A 4^A * * \ - -> "*

>4 u flOO o o
4 4 4 4 4
O O _Q-rffl_p

To oUZ^O—q_q" "»0J^«5OaSg —W I

. o o^£q= 7~&t 3BPV*-*-1 L—.o/-i-

- -"' (71

a

» * *

To>» « j

f 'Vfi 7^
ESC V^ ^ ATT

T^r;—

r

^MMfT \V^N*3 a

i

^
t̂*

AOELAfDEI X
'/

Eva c

^v~- ^ '* -V3

£*-e >-*—

*ft
T

>.

4

** 4
O 0*0"io O 0|

4£ A >T 5?

r^? ^*r

>4~4~4~A~r

CP|

SHTCN
7TTT

'- - - -' *

4 4 '*' 4 4 '

J£3L.V .

^4 4 ^4A4 4 'iyrxT7!
* °* A

u/^2^-^4 u_J t*** * + ti'

.1- £ ,-/

SSHB^y?^—?7

\

^
- T~ SL/MWERTOWN

£ *52EF

CLENETLC

I_^
--..v 4 ... i r_

:

* £ / A 4 "i A *N(? ?J

A^

gX^\«\ 4 4 a a a « Jr.*
1

^

vJ>* 4 A 4 4

;v

AAA A\ *\. IT

'

4>V^<—A—A^-
/

K ^*.CRArErt£^*-

v

p o o <y

Sgr*
^r"

4 4

O O O

\
or^

TTTT K-?^

s

VALLEY

,'

Th?; ^PE^R

o o-o o o
"Qf'STrrcr-c

.o_©_c

4 4 \ .;A^

\4^a 4
;

; 4

A^ 4, *'v£: 4 CX^' 4 4

• —O-O*-

O C O^x.V

O'HALLORAN HIU

7

vc r *j b"

tih
K
-ANK\

Ox.OJ,0,
ba?i i t~ '

Tj-jrt
^T
«>'

KIJ
V

an
b^o. 12

^r

RErNELXi

o)—y OdSuJ

/

-VEGETATION MAP-

MOffPHET'

O CT
3 o\o \) O

IO o
o o

o o/o
OOOOCOOOfflOlOO
° ^J^^l ° o o o o/ o o
opJb O ON^ o o o o o o o

Lo o/o ooooooooo o^
o o/o o o o o/6 o o o o o o '?

°^° ° ° °> o o o o\o o^-W4 o

n ! ° ° °«° ° °r°/° ° o Jo o ofo^o O

•••

•

4

4

4

o
o

c

X
X

X

e ©

O O o/O O ^IRLrWJTT
OOOoyoooTll SPRING

o o o

o o

'OARLUNGA
Is

7^"° ° ° O
IO^-6-^> O O O Q^oNq oroooJ o a o/o o o o000ol cl^i/o o O 0^£

° °\° ° *Sb f5 o o o o,
^ o o V. o o

:i ° oML o o

"'

k« o J o K^^v^ o o o o(

o o o o o ^

3 /Y'Z^VVv^r"^.

5

coo
ro ovo o olo o

o o o a o^o o
JEf'o O

>

O O o O

• •

EUCALYPTUS ODORATA

E. ODORATA
fWHIPSTICK MALLEE ECOIV»c)

E. LEUCOXYLON

E V/MINALI5

E. CAMALDULENSI5

E. OBLIQUA

E. BAXTERI

E FASCICULOSA

E. COSMOPhYLLA

E. RUBIDA

E. ELAEOPMORA

CA5UARINA 5TR1CTA

COASTAL SWAMP

I

1

isec n L a



123

(6) Crocker, R. L. 1941 The Soils and Vegetation of Lower South-East

of S. Aust. Trans. Roy. Soc. S. Aust., 68, (1)

(7) Crocker, R, L. 1946 An Introduction to the Soils and Vegetation of

Eyre Peninsula, S. Aust. Trans. Roy Soc. S. Aust., 70, (1)

(8) Crocker, R. L. 1946 Post-M loccne Climatic and Geologic History and

its significance in the Genesis of the major Soil Types of S. Aust. Aust.

CS.I.R. Bull. 193

(9) Crocker, R, L., and Wood, j. G. 1947 Some Historical Influences on
the Development of the South Australian Vegetation Communities and
their bearing on Concepts and Classification in Ecology. Trans. Roy.

Soc. S. Aust., 71, (1)

(10) Davidson, J. 1936 Climate in relation to Insect Ecology in Australia.

Trans. Roy. Soc. S. Aust., 60

(11) Jessup, R. W. 1946 Ecology of an Area adjacent to 1-akes Alexandria
and Albert. Trans. Roy. S'oc S. Aust., 70, (1)

(12) North cote, K. H. 1946 A Fossil Soil from Kangaroo Island, S. Aus.
Trans. Roy. Soc. S. Aust., 70, (2)

(13) Piper, C S. 1938 The Red-brown Earths of S. Aust. Trans. Roy.
Soc. S. Aust., 62, (1)

(14) Piper, C. % 1942 Soil and Plant Analysis. University of Adelaide

(15) Prescott, J. A. 1931 The Soils oE Australia in relation to Vegetation
and Climate. CS.I.R. (Aust.) Bull. 52

(16) Prescott, j. A. 1944 A Soil Map of Australia. CS.I.R. (Aust.) Bull.

177

(17) Sprtgg, R. C 1942 The Geology of the Eden-Moana Fault Block. Trans.
Roy. Soc, S. Aust., 66, (2)

(18) Spkigg, R. C. 1945 Some aspects of the Geomorphology of portion of
the Mount Lofty Ranges. Trans. Roy. Soc. S. Aust, 69, (2)

(19) Sprigg, R. C 1946 Reconnaissance Geological Survey of portion of the
Western Escarpment of the Mount Lofty Ranges. Trans. Roy. Soc.

S. Aust., 70, (2)

(20) Stephens, C G. 1947 Pedogenesis following the Dissection of Lateritic

Regions in S. Aust. CS.I.R. (Aust.) Bull. 206

(21) Taylor, J. K., and O'Donnell, J. 1932 The Soils of the southern por-
tion of the Hundred of Kuitpo, S. Aust. Trans. Roy. Soc. S. Aust., 56

(22) Tkumble, H. C 1937 The Climatic Control of Agriculture in S. Aust.
Trans. Roy Soc. S. Aust., 61

(23) Tkumble, H. C 1939 Climatic Factors in relation to the Agricultural
Regions of S. Aust. Trans, Roy. Soc. S. Aust., 63, (1)

(24) Wood, J. G. 1937 The Vegetation of S. Aust. Govt. Printer, Adelaide



124

p< 04
a> rt

cd M

u
"*

C3
>-
,™j *T3

trt i—
-*-» Li)

5: >\

« «
- • r-I

o • M
1/1

g
o 1^

, , rt
en

nj Ju u H
•n O
< CO

*->

TS u
us C

rd

UJ
OJ

t£3 nj u
O CJO <!

ft

P* 3
§

t—

«

3
en

<

« *+-»
tfj

Oh

O O
CO

< Q
O

CO

4-t

a;

UG o
u
o

=4

1

e

4-i

ns ox

bo

4J

a

m *r «, -* to »— m © o :=? vo

r-» o CM ^N 30H N
SO

in

CM
vO ^ W «^ CO 3

*n

O ©s

3 U CO <0 O
en

o u-j

3 Q (M M W rh O
J> fPio ^ o\ 4
4 oo CM <n

O
ro

on I ^ oo so »n r-» o
CM

CMO -ri-

ft

-* vc> N *Q ir> **"

1 C^ "
H V N. H N 00

^-" •* CM r^ CM

»S*°

*2*-i

IM O M O O
4- CN. NO

r>. os

ffl
„ O O ro r-.

«>-J h A ro

tg CO cp t^s^ o o o o
^< * fvS *-)

**> o

CM so
»^ COo o

en CO

CM

PQ S^^
t\ TO O in o

CO 4*

CMo o

->-^vaOin\r>ooot— o
ce m m .

CM "~0 M CM

CJ (A

d u
>, a> n -C
*-• t. 5 §— C^

rt *-i

CJ CU C "
O 5 HJ "3 H -

u ~ Q
P

"3
d

? 5
CM} '_rt

O

CO

O
BB

P

h

u E w u o pfSj p4

^5or?!

< *r

o 00 m h
t^ CO
in cm

vo oo fO m o
N O0 •* t

in -^

O O Ov

to fM

CO CO C\ vo O O •—

|

-J PBj

o
CM

TO O i-O o o
i iffl

n
bo

in t^
B CM

in . ^ o o O O O O *4
«3* ^3 &N. Tf If) C l" VO
in Cn. m

^
O O m O O

so
OO Oo c>O O O

^5 C^ so m so ^t VO
r>. »—

CM

>>
\0
en t** m o cd o 9 w

-*- w 3 S^ oo ^-« o> -•
1 ^

Q F Os s CM M lo

J «-*

25

ve t>3
e% ^ ^° rr CO '-< t-v <o <o rv

^i ^3 r>-ON ^ so *t to
f^.—i T

*
' CO oo cm in to o »n

1 O CO

S rr ^K cm r^i o\ *n
•

»o
O ,^- CM —1 iO
-J o

—

—

^ H CM O0 O C
SO tN.

o O en
(^ ^2 V1 >0 iO O if) N

sD M (Si
o

^ +
in "^ co co O

Ss.mo CS-*
OO

1 1 4
i

o
n vO i-l i—i

00

o
SO

5* so in vo en O•» ? • » .1
«*- Os CM O CO

1 ?
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APPENDIX II

Comparative floristic lists are given for five major vegetational groups
occurring within the area. No indication is given as to the percentage frequency
of each plant, the x only indicating the presence of that species within that group.
The nomenclature of the species is that given by Black (3). An asterisk before
the name of a species indicates that the species has been introduced to South
Australia.

Adiantum aethiopicum ----- H
Cheilanthes tenuifolia H
Pteridium aquilinum - - G
Pleurosorus rutaefolius H
Callitris propinqua - ~ - - - M,
C. tasmanica - - ~ •- M
Themeda australis - - Ch
Neurachne alopecuroides jj

*Ehrharta longifolia - - - H
Stipa variabilis - - - H
S. setacea -------- H

*Oryzopsis miliacea ----- H
*Aira caryophyllea - H
*Avena fatua ------ jj

Holcus lanatus ------ H
Danthonia spp. ----- ~ H
Enncapogon nigricans H
Briza maxima ------ J|

B. minor ------ ~ H
Distichlis spicata - - H

*VuIpia myuros ------ H
*Bromus spp. ----- ~ H
*Cynodon dactylon - - - H
*Lolium spp. ------ H
*Hordeum murinum - - - - H
Cyperns vaginatus - H
Scirpus nodosus ------ Q
Lepidosperma laterale - Ch
L, viscidum ------ Ch
L. semiteres - - ----- Ch
L. carphoides ------ Ch
Chorizandra enodes ----- Ch
Hypolaena fastigtata ----.. H
Juncus pallidus ------ jf

Dianella revoluta G
Reya umbetlata ------ G
An^uillaria dioica ----- G
Lomandra dura ------ Ch
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(i) (2) (3) (4) <5)

X

X X X X X

X ! X

- X -

• X X -

• • • X

X X X X X
X * X
• • X - -

X X X X X

X X X * X

X X - .

X X - .

X X

4 X

X X X X

• X •

X X X X
X X X

X •

X X

X X

x X

X X *

X X

X

X

X

X

X

X

X

X X X

• - " X

* 1 X . •

X X X X X

X 35 X X X

X X X - X

X X • } X

. ar X 1 X
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Thysanotus Patersonii G
T. dichotomus - - G
Caesia vittata ------ G
Bulbine bulbosa ----- G
Dichopogon fimlbriatus - - - G
Bartlingia sessiliflora ----- H
Xanthorrhoea quadrangulata M
X. semiplana _-__-_ c^
*AsphodeIus fistulosus G
Hypoxis glabella G
Calostemma purpureum G

*Sparaxis tricolor " - - - G
*S. bulbifera - G
Roniulea rosea ------ Q
*Homeria collina - - - G
*H, miniata ------- G
Patersonia longiscapa ----- H
Dipodium punctatum G
Thelymitra aristata ----- G
T. antennifera ------ G
Acianthus exsertus - - - - G
Lyperanthus nigricans G
Eriochilus cucullatus ----- G
Caladenia dilatata - - - - G
C. deformis - - _ _ - - G
Glossodia major - - - G
Diuris inaculata ----- G
Pterostylis nana ----- G
Casuarina stricta ----- M
C. striata ------- M.

C. Muelleriana ------ M
Tsopogon ceratophyl) us - N
Adenanthos terminalis - N
Conospermum patens -

'"
,|

Persoonia juniperinum _ _ N
Hakea rostrata ------ M
H. rugosa ------ N
H. ulicina ------- M
Banksia marginata - - - _ - M
B. ornata ------- N
Grevillea lavandulacea - -N"

Exocarpus cupressiformls - - - - M
Loranthus Miquelii ----- E
L. exocarpi - - - E
Rumex crispus ------ T
*R. acetosella ------ T

(5)
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Muehlenbeckia adpressa - - - - N"

Carpobrotus aequilaterale - - - - S
Ranunculus lappaceus H
Cassytha glabella » - •*-

- * .- JT

Drosera binata T
D. glanduligera - - T
D. Whittakeri ------ G
D. Planchonii Q
D. auriculata - G
D. peltate ------- G
Crassula Siebariana - - T
Bursaria spinosa ----- M
Marianthus bignoniaceus H
Cheiranthera linearis - - - - - N
Billardiera cymosa N
Rubus fruttcosus - - - - - N
*Rosa canina ------ ^
Crataegus monogynu - N
Acaena ovina ------ H
A. sanguisorbae ----»._ jj

Acacia continua - ----- - M
A. armata - - - ** J* * — if
A. dbliqua ------- M.
A. spinescens M
A. verniciflua ------ M"
A. rhetinodes ------ M
A. myrtifolia ------ jtf

A. pyenantha ------ M
A. rupicola -------M
A. vomeriformis M
A. melanoxylon ----- M
Daviesia corymbosa N
D. tilicina - - -___ - N
D. brevifolia -.___-- ^
Eutaxia microphylln - - - N
Pultcnaca daphnoides - - - N
P. pedunctilata ------ j^

P. largiflorens - - - - - N
P. involucrata ------ N
P. acerosa var. acicularis N
Dillwynia hispida ----- N
D. floribunda ------ j^t

Platylobium obtusangulum - - - N
*Ulex europaeus ------ N
Cytisus canariensis - N
Trifolium procumbens T
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*T. subterraneum -

*T. arvense -

*T. angustifolium -

Psoralea patens -

Swainsona oroboides var. hirsuta

Kennedya prostrata -

Hardenbergia monophylla

Glycine clandestina -

Erodium botrys -

*E. moschatum - - - -

*Oxalis corniculata -

*0. cernua -

Linum marginal

c

-

*L. gallicum -

Boronia caerulescens -

Correa rubra -

Tetratheca pilosa -

Adriana Klotzschii -

Stackhousia inonogyna

Dodonaea viscosa -

Spyridium parvifolium

S. spatbulatum -

S. vexilliferum r * ->

Cryptandra tomentosa

*MaIva parviflora -

Hibbertia sericea -

H. stricta -

H, acicularis -

H. virgata -

*Hypericum perforatum

Hybanthus florilbundus

Pimelia spathulata -

P. flava -

P. octophylla -

Lythrum Hyssopifolja

Leptospermum scoparium

"L. pubescens - -

L,, myrsinoides -

Kunzea pomifera -

Callistemon salignus -

Melaleuca decussata -

M. pubescens -

Eucalyptus obliqua -

E. Baxteri -

E. odorata -

E. cosmophylla - -

T
T
T
Ch
H
N
N
H
T
T
G
G
H
H
N
N
N
M
Ch
N
N
N
N
N
T
N
N
N
N
H
N
N
N1

N
H
N
N
N
Ch
M
N
M
MM
MM
MM
MM

(2)

x

X

(3) (4) (5)
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(1) (2) (3) (4) (5)

E. viminalis

E. rubida -

E. elaeophora

E. leucoxylon - -s

E. fasciculosa

Calythrix tetragona

* Oenothera odorata

Halorrhagis tetragyna

H, teucrioides

Eryngium rostratum

*Foeniculum vulgare

Astroloma humifusum

A. conostephioides

Lissanthe strigosa

Leucopogon parviflorus

t& hirsutus

L. virgatus

L. rufus -

Acrotriche serrulata

A. fasciculiflora -

Epacris impressa -

Sprengelia incarnata

*Anagallis arvensis

*A, femina -

*01ea europaea

Logania liniflolia

Erythraea centaurium

*Asckpias rotundifolia

Convolvulus arvensis -

Echium plantagincum

Teucrium racemosum
Lavandula Stoechas

Marrubium vulgare

Salvia verbenaca

Prostanthera Behriana

Stachys arvensis

*Solanum nigrum

*S. sodomaeum
T.ycium ferocissimum

Veribascum virgatum -

Linaria Elatine

Bartschia latifolia

Plantago varia

*P. lanceolata

*P. coronopus

Opercularia scabrida -

MM X • •

MM • - X.

MM * - X

MM X X • *

MM » * X

N • X X X

T - X

H x a X • X

H X J X x X

G X • -

N X ~» . *

N X X

N X * X

N X « X

N' X

N X

N X i X

N X

N X X

N X

N X

N X

T X 3G X

T x ac

N x ac

N
H X 1c

N X 5 z X J

Ch x :e

N x :<c

T X K

N X X.

N X

N X K,

N - X

T X X

N X X

N X 3C

M X *

N X X

T X

T * • X

T X X

T X X X

T X X >

Ch • • • • X
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*Sherardia arvensis

Scabiosa maritima

Wahlcnbergia gracilis

Lobelia gibbosa -

Goodenia geniculata

G. primulacea -

Velleia paradoxa

Scaevola microcarpa

Dampiera lavandulacca

Brunonia australis

Stylidium graminifolium

Brachycome exilis

Vittadinia triloba

Olearia grandiflora

O. ramulosa -

Senecio hypoleucus

Osteospermum moniliferum

Cryptostemma calendulaceum

Heiichrysum Baxteri

H. scorpioides -

H. apiculaturn -

Ixodia achilleoides

Inula graveolens

Craspcdia uniflora

Cynara cardunculus

Centaurca calcitrapa

*Carthamus lanatus

Tragopogon porrifolius

Cichorium Intybus

*Hypochoeris radicata

Picris echioides -

Sonchus oleraceus

T
Ch
T
T
Ch
Ch
Ch
Ch
Ch
H
Ch
Ch
Ch
Ch
N
N
N
T
Ch
Ch
Ch
N
T
H
N
T
T
T
N
N
T
T

(5)

Raunkiae'r's Life Form Key
Megaphanaenophytes - (MM) Geophytes -

Mesophanaerophytes - (M) Hclophytes

Nanophanaerophytes - (N) Therophytes

Chamaephytes - - (Ch) Epiphytes

Hemicryptophytes - (H) Succulents

- (G)

- (HH)

CTh)

- (E)

- (S)
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KXPLANATIONS OF PLATES VI — IX

Plate VI

Fig. 1 Aerial photograph showing sclerophyll formations (dark areas) on podsols on

Stonyfell Ridge as compared with savannah woodland on grey-brown podsols on

Greenhill and Long Ridge to the South.

Fig. 2 Aerial photograph showing sclerophyll forest on podsols on Black Hill and Rocky

Hill (Morialta area) compared with savannah woodland on grey-brown podsols

near Montacute Road.

Plate VII

Fig. 1 E. leucoxylon savannah woodland on the north-facing slope I mile above Devil's

Elbow.

Fig. 2 E. viminatis savannah woodland on the south-facing slope i mile above Devil's Elbow.

Fig. 3 E. leucoxylon sclerophyll association on truncated lateritic soils.

Fig. 4 E. leucoxylon—Banksia marginata association on the deep sandy soils near Happy
Valley reservoir.

Plate VIII

Fig. 1 E. carnaldulensis savannah woodland near Blackwood.

Fig. 2 E. fasciculosa sclerophyll scrub on truncated lateritic soils "ear Chandler's Hill.

Fig. 3 E. odoratia sclerophyll association in National Park.

Fig. 4 E. Baxteri sclerophy'l forest near Mt. Lofty summit.

Plate IX

Fig. 1 E. obliqua sclerophyll forest near Mt. Lofty summit.

Fig. 2 E. cosmophylla sclerophyll association in Waterfall Gully.

Fig. 3 E. rubida association on grey-brown podsols (low nutrient status) at Picadilly Valley.

Fig. 4 Casuarina stricta association on deep neutral sandy soils between Hackham and

Morphett Vale.
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INDO-PACIFIC INFLUENCES IN AUSTRALIAN TERTIARY
FORAMINIFERAL ASSEMBLAGES

By Irene Crespin

Summary

A recent examination of the microfaunal content of samples from numerous bores drilled in the

Adelaide Plains by the Department of Mines, South Australia, has revealed some interesting

information about the palaeogeography and stratigraphy of Tertiary sediments in Australia. Certain

forminiferal assemblages and zonal foraminiferal species have been discovered in the Tertiary sub-

surface deposits in the Adelaide Basin which indicate an extension to Southern Australia of Indo-

Pacific conditions in Upper Middle Miocene and Lower Pliocene times.
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INDO-PACIPIC INFLUENCES IN AUSTRALIAN TERTIARY
FORAMINIFERAL ASSEMBLAGES ft

By Irene CKKSriN

[Read 10 June 1948]

T. INTRODUCTION
A recent examination of the microfauuai content of samples from numerous

bores drilled in the Adelaide Plains by the Department of Mines, South Australia,

has revealed some interesting information about the palaeocjeugraphy and strali-

graphy of Tertiary sediments in Australia. Certain [nraminifcral assemblages and

zonal foraminifcral species have been discovered in the Tertiary .sub-surface

deposits in the Adelaide Basin which indicate an extension to Southern Australia

of hid u- Pacific conditions in Upper Middle Miocene and Lower Pliocene times.

The work upon which the writer has been engaged in recent years has

involved investigation of foramini feral faunas of Tertiary deposits not only in

Australia but in New Guinea, Papua, Timor, Java and Sumatra, With the dis-

covery of Indo-Pacilic assemblages in the sediments in the. Adelaide Basin f time

seems opportune 1o consider some observations that have been made and to

attempt a correlation of the Australian deposits with those in the Indo-Pacific

Region.

Perhaps the most striking observation is the very large area over which the

same foraminifcral assemblages and even the rock types are to be found ifl the

Region. The area extends from Japan south through the Philippines and Sumatra,

east through Java, the smaller islands of the Netherlands East Indies, 2?«w
Guinea, Papuiu the Solomons and New Hebrides, and north to islands such as

Guam, From Timor it extends south to north-westeru Australia, and from there

across southern Western Australia to South Australia and north-western Victoria.

liarly in these investigations il was realised that eastern Australian Tertiary

and Recent faunas were very slightly influenced by the climatic and hathytnetric

conditions that prevailed in the Indo-Pacific Region from Tertiary times onward,

and it is intended in this paper to indicate the limits of such influence, as indicated

by (he. distribution of the larger foraminifera.

The sources from which information regarding the distribution of the larger

foratninifera in the Australian Tertiarie? has been drawn, are rock collections

which have been made during reconnaissance surveys by geologists attached to

various companies in their search for oil in the North-West Basin of Western
Australia, and by geologists of the Commonwealth Bureau ot Mineral Resources

from the Nullarbor Plains and Eucla sections in Western and South Australia,

as well as samples from bores which have been drilled for water in the Adelaide

metropolitan area by the South Australian Department of Mines, and in the

Mailer, and Wimmera areas In north-western and central western Victoria by the

Slate Rivers and Water Supply Commission.

It PUBLISHED AND UNPUBLLSHED SOURCES OF INFORMATION
Little published work is available on the problem of the stratigraphic position

of the Tertiary foraminiferal rocks in Australia and their relationship with Indo-

Pacific stratigraphy.

Howchin (889) recorded LepidocycHn& under the name ot OrhitoHtcs from
the limestones at Clifton Bank near Hamilton, Victoria.

0? Published by perxnLssiun of the Director of the Bureau of Mineral Resources.
Geology :'*hfj Geophysics, Depurhneiil of Supply and Development. Based t»n a jtQpH
read before Section C of the A.N.Z.A.A.S, IVrUi, August 1947.

Fran*. Roy. Sou, S» AuftU 72, <1>, 23rd August, 1948
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Chapman (1910), in his study of the Batesford limestone., referred the

Lepidocyclinae to European species, and Crespin (1926) listed Ledipocyclma

from a limestone at Green Gully, near Keitor, Victoria.

The first record of larger foraminifera in north-west Australia was made
by Chapman (1927), when he determined Lepidocyclina dilatata in a limestone

submitted to him by F. G. Clapp from Exmouth Gulf. Later, in 1935, Chapman
and Crespin determined Eocene foraminifera from rocks from the Giralia-Bullara

area, North-West Division, Western Australia, collected by Messrs. Rudd and

Condit. Species of Discocyclina, Asterocyclina and Pellatispira were recorded.

In 1932 these two workers described Lepidocyctinae from bores in the Tertiary

rocks of Victoria and suggested a correlation (based on the determination of

Spiroclypeus in a limestone from Hamilton) of these deposits with "Stage c" in

Java. Crespin later (1936) considered the specimen to be a section of a test of

Lepidocyclina.

Raggatt (1936) included a short account based on departmental reports by

Chapman and Crespin, of the Tertiary rocks of the North-West Basin, Western

Australia, in his geology of the area.
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tn a report to the Australian and New Zealand Association for the Advance-

ment of Science in Auckland (1937), the writer summarised the occurrences of

Tertiary marine rocks in north-west Australia and indicated their relationships

with lndo-Patific types, and at the same time Chapman reported on the discovery

of Eocene rocks in that area.

Cresphi (1936) discussed the larger forannnifera in the Tertiary rocks of

Victoria which were referred to the Lower Miocene, and suggested that the sub-

genus Lcpidocyclinn indicated a younger age for the beds. Later, in 1941 and
1942, she made detailed studies of the genera Cycloclvpeus and Lepidocyclina

respectively in the Tertiary of Victoria and indicated their position in the Indo-

Pacific stratigraphy, The subject was discussed further in her work on the Ter-
tiary deposits of Gippsland. Victoria (1943).

Glaessner (1943) brought up to date the various lines of thought regarding

Indo-Pacific Tertiary stratigraphy in his "Problems of Stratigraphic Correlation

in the Indo-Paciuc Region." Australia received little attention by Glaessner

because of lack of published work.

Information on the foraminifcral assemblages in South Australian Tertiary

deposits was derived from Howchin and Parr's study of the foraminifera in the

metropolitan Abattoirs Bore, Adelaide (1938). and from Howchhrs work on
other bores in 1935 and 1936- Chapman's report (1916) on the Mallee Bores in

Victoria formed the basis for work in that area and in the Wimmera.

Considerable evidence has been derived from unpublished departmental

palaeontological reports since 1934, and these may be discussed under two head-

ings: (a) North-West Basin, Western Australia, and lb) Southern Western
Australia. South Australia and north-western Victoria,

(a) North-West Rasix, Western* Auhtkalia

Information has been derived from rock collections made by geologists dur-

ing reconnaissance surveys for various companies engaged in the search for oil.

In 1934 D. Date Condit and E. A. Rudd, on behalf of Oil Search Ltd.,

investigated the Exmouth Gulf area and collected limestones containing typical

Eocene and Miocene Indo-Paci^c foraminifera. H. G- Raggatt carried out

further work for Oil Search Ltd in this area in 1934, and in 1935 he was accom-
panied by Washington Gray of the Commonwealth Oil Refineries Ltd. Both
geologists made large collections of fossiliferous material. In 1936 E. A. Rudd
made a further reconnaissance of the Exmouth Gulf area for Oil Search Ltd. and
extended his survey down to the coastal section at Red Bluff and Cape Cuvier,

and in 1941 geologists attached to Caliex (Australia) Oil Development, visited

the Exmouth Gulf area and made collections from sections in Rough Range ano*

Cape Range area.

(b) Southern* Western Australia, South Australia and

NORTW-WESrERN VICTORIA

The greater part of the information on this region has been derived from
bores drilled for water in South Australia and north-western Victoria, and from
collections of fossiliferous limestones made by geologists of the Bureau of Mineral
Resources, Canberra, and students of the University of Adelaide. The Slate

Rivers and Water Supply Commission of Victoria has lately been drilling for

water in the Wimmera, and since 1908 has had a drilling programme in the Mallee.

In 1944, H, $$. Owen of the Bureau of Mineral Resources accompanied a

party of geophysLcists of the same organisation on 3 trip along the coastline of

the Great Australian Bight from Port Lincoln in South Austmha to Eyre iu
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Western Australia, and then across to Booanya and Balladonia. Owen collected

from all available limestone outcrops between Ceduna and Norseman and made
geological observations in this Tertiary Basin.

Last year Mr. King, a student of the Department of Geology, University of

Adelaide, explored caves on the Nullarbor Plains and collected rocks from
various localities in the vicinity of the caves.

Limestones have also been examined by the writer from Cook and Ooldea
on the Transcontinental Railway.

III. METHOD OF CORRELATION OF TERTIARY MARINE ROCKS
IN THE fNDO-PACfFIC REGION

The basis of correlation of the Tertiary marine rocks in the Indo-Pacific

Region is the distribution of the larger foraminifera in them. Dutch palaeonto-

logists found it difficult to recognise some of the European stages in the Indo-

Paciftc, and in 1927 Van der Vlerk and Umbgrove instituted a "Tetter" classifica-

tion. Since that time a considerable amount of detailed work has been carried

out on the Tertiary fauuas in the Netherlands East Indies by Dutch palaeontolo-

gists in collaboration with field geologists, with the result that a convenient classi-

fication was put forward by the late Dr. Tan Sin Hok in 1939, and this can be

applied readily to those 1 ertiary rocks in A ustralia which come under the

influence of lndo-Pacific conditions at the time of deposition. Tan's scheme,

which has been modified by Glaessner (1943), is as follows:

Upper Neogene (formerly "g'* -"h")
Upper Middle Neogene ("f/'J
Lower Middle Neogene CV'-'V)
(Lower Neogene (Aquitaniau. "e" included

in Miocene)

Oligocene ("c" - "d", distinguishable from
Aqttitanian only if reticulale Nummul-
Jites present)

Eocene (V- li

b
1!

)

Neogene

Palaeogene

This scheme is further modified in its application to Australia. It is con-

sidered that the following close approximations can he made—the Lower Neogene
to the Lower Miocene, the Middle Neogene to the Middle to Upper Miocene,

and the Upper Neogene to the Pliocene.

Characteristic larger foraminifera for the stages are

:

Absence of larger zonal foraminifera

Trybliolepidina ritlteni

Nep hrolep idina, Miogypshi a, Floscidm el!it,

Cyrfoclypeus, Austrotrillina

Eulepidwa, Spirodypeus, Neoalveolina

Eulepidina and reticulate Nummulites
Assilina, Nnmmnlhcsr

Ptflatispira, Disco-

cyclino, Asterocyclina, Actwocyclvna

Rocks containing typical Kocene ("a" - "b"), Oligocene ("c" - "d") and
Lower Miocene (*V) larger foraminifera are found only in north-western Aus-
tralia. Zonal foraminifera of "f stage" are widely distributed not only in rocks

in the North-West Basin but on the Nullarbor Plains and in the Kucla Basin, and

in bores in the Adelaide Plains and north-western Victoria. Typical "f
3

]
' rocks

Pliocene -

tapper Miocene ("£..") -

Middle Miocene "("£," - %")

Lower Miocene ("e") -

Oligocene rc"- ;
'd") -

Eocene ("a" - "b")



with Tryblwlepidina ratteni have not yet been found. Pliocene deposits probably
equivalent to "g" occur along- the north-western coast, on the Nullarbor Plains,
and in the Adelaide Basin.

IV. APPLICATION OK THE "LETTER" CLASSIFICATION TO
AUSTRALIAN MARINE TERTIARY DEPOSITS

Localities from which typical zonal foraminifera of the Tndo-Pacinc Region
have been recorded in Australia are listed in Table L which also gives the strati-

graphic position of the various deposits.

A. Eockne (V'-T)
The only localities in Australia from which l6

a"-"b" foraminifcra have been
recorded are Giralia and Bullara south of the head of Exmouth Gulf, and at Red
Bluff and Cape Cuvicr in the coastal section south of the Exmouth Gulf area in

the North-West Basin, Western Australia. Species of Discocydina, Asiero-
cyclina, Actinocydina, Pellatispira and Nummulites have been determined. The
exact position of these beds in the Eocene stratigraphtc sequence is uncertain.
t'ellatispira and Discocydina disappear at the top of the Eocene,

B. Olugocene (V^'d M
)

Definite Oligocene limestones arc also restricted to the North West Basin of
Western Australia. Large species of Eulepidina (E, dilatuta, E. papuaensis)
large Cydoelypens (C. eidac) and small reticulata nummulites occur in the lime-
stones from the base of an open gorge north of Mount King, Cape Range, and
from the base of the section at Badjirrajirra Creek (north fork) 4*7 miles from
its mouth on the Exmouth Gulf side of Cape Range. Chapman recorded
E. dilatata from Exmouth limestones in 1927. He described E. papuaensis from
a limestone at Bootless Inlet. Papua (1914), which contained small nummulites
{N, intermedia') and which is now considered to be of Oligocene age.

C. Lower Mtocrnr ("e")

Similarly, limestones containing typical Lowrer Miocene zonal foraminifcra
have not been found south of the North-West Basin. Eulepidines typieal of

stage 'V (E, insuhenatalis, E. papuaensis) arc present in limestone 22 miles

south of Yardie Creek Station, Cape Range. Other zonal forms, Spiroclypcus
tidueganensis and Neoalveolina pygmaea,, together with small Nephroidpidinn
occur in rocks from Rough Range near Exmouth Gulf Homestead. Eulepindina,

Spiroclypcus and Neoalveolina are not known to range above the top of "stage e".

D. MlDW.E TO Ui'l'KI* MlOCKNK ("f")

Rocks of "stage t" arc widely distributed in the North-West Basin and
ficcur as far south as the section across southern Australia from Rooanya and
Balladonia in Western Australia to Colona east of the head of the Great Aus-
tralian Bight in South Australia, thtnee to near Adelaide and acros« to north-

western Victoria. No typical "f," rocks hnve been found. It is more satis-

factory to subdivide the "stage f
,J rocks in Australia into '% - f

a
" and **f

a
- f./\

Probably some of the limestones in the Badjirrajirra Creek section may be refer-

able to "f/', but "fH
" has not yet been recorded.

^i ' £*" rocks contain two assemblages of zonal foraminifera:

(2) An upper one with Nephrolcpidina with some species showing Tryhlio-
le.pidimx tendencies,, Floscidinclfo, Cydodypcas and AHogypsina.

(1) A lower one with Ntfphrolepidi/ta and Cydodypeus,
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Limestones containing Assemblage 1 occur in the Badjirrajirra Creek sec-

lion, Cycloclypeus being the dominant form. This rock may be referable to "f/'-

Well preserved specimens of the ec.hinoid Conodypeus were found in these beds.

Assemblage 2 shows an intermingling of typical
iltp and "f,/

J
species and

Ls fairly widely distributed in limestones in the Cape Range and Rough Range

sections-

"L-fy" rocks have a wide distribution in Australia, and two assemblages

of forarainifera are recognisable in tlicm

;

(1) Without Lepidocyclina but with AuMrotrillina, FloWxilinctta, Margino-

pora, VixlvuUna, Sorites, Pcneroplis and MiboHdae,

(2) With Lcpidocvdim, also Flosfuliytclla, Marginopora and Miliolidac.

It is possible that these two assemblages are equivalent in age, the absence

of LepidacycHnz. in Assemblage 1 being due to change in fades rather than

.hrYcrenee in age, t j* it

Assemblage 2 is recorded from only two localities, one at Exmouth Outt

Station Outcamp in Rough Range, and the other near Yardie Creek Homestead.

Tape Range in the North-West Basin. The assemblage is well known ill the

limestones in New Guinea and Papua and in parts of the Netherlands East Indies.

Assemblage 1 occurs in rocks in widely separated areas, from the North-

West Basin, Western Australia, through the. Nullarbor Plains to South Australia,

thence to north-western Victoria, the same rock type ocurring from North-West

tfasin to the Nullarbor Plains. The limestone is cryptocrystalline, the lora-

minifcra tests usually being stained black. The assemblage occurs in friable

limestones in bores in the Adelaide Plains and in the Malice and Wirnmera m
north-western Victoria.

Rocks containing Indo-Faciftc Pliocene assemblages are not common m the

Australian Tertiaries- Some of the coralline limestones in the Yardie Creek

area. North-West Basin, have been placed in the Pliocene hut no foramnutera

are available to confirm this.

The limestones near Minilya Station, North-West Basin, contain Marguuj-

fiota, Sorites, Peneroplh and Vakndma and in the absence of zonal Miocene

forms are referred to the Pliocene, An identical rock, both in lithology and

faunal content, occurs at Ooldea on the Nullarbor Plains and m the vicimtv of

Weebahbie Caves near EucJa. Numerous casts of molluscan shells, referable to

species recorded from the Adelaide Plains deposits are present in the rock.

In the vicinity of Adelaide, extensive fossiliferous deposits known as the

"AdelaidearT underlie the Adelaide Plains and outcrop at liaJlett's Cove, at

Christies Beach. Tort Koarlunga and at Aldinga. The forarainifera genera

Marginopora, Sorites, Peneroplh and Valvulina fonn a characteristic assemblage,

but the occurrence of zonal species of the Kalimnan stage of Victoria indicate a

Lower Pliocene age for the beds.

V COMMENTS ON THE INDO-PAC1FTC ZONAL FORAMINIFEKA
IN AUSTRALIAN TERTIARY DEPOSITS

The zonal forarainifera in the Eocene ("a-b'*). Oligocene Cc-d") and

Lower Miocene (V1
-) rocks call for little comment. All species that have been

determined are characteristic of the deposits of these ages throughout the Indo-

Pacitk, from Japan, the Philippines, Netherlands East Indies, New Guinea,

Papua and north-western Australia, but are not known from southern Australia.

However, in the Middle to Upper Miocene rocks which do extend to southern

Australia, several species of zonal importance throughout the Indo- Pacific not

only occur there but were described from the area.
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The most important zonal form used in the correlation of
u
f stage" rock*

is Lcpidocyclina with it* two subgenera Nephoti'pidtm and Tryhtivkpidim*

The genus is found in the North-West Bastn of Western Australia, but has not

yet been recorded from limestones on the Nullarbor Plains nor in the vicinity

of Adelaide and north-western Victoria, but it does occur in western, central

southern and south-eastern Victoria. The subgenera Nepfirolepidina is the

zonal funn for
i,
i
1
- i,

2
" beds and if has not been recorded south of Cape Cuvter-

Similarly. Miogypshux, which is characteristic of the "f
x -V assemblage, has

not been found south of the North-West Basin.

hi "f3 -fa
" beds, Nephrolepidina gradually gives way lo TryblioLrpidiiH:,

which is very common at this horizon in the Indo-Pacirlc. On the Nullarbor

Plains, from Eouanya in Western Australia to Colona in South Australia, thence

to the Adelaide Bore* and Mallee and Wimmera Bores, 'i'rybtiolepidina is

replaced by an assemblage in which the most important 'zonal form is Austro-

irillina howchini. The associated zonal genus Fluscittinelh does not occur east

of Colona,

Austrotrillina howclrini, of such importance in "t stage" foraminiferal faunas

in the Indo-Pacific, was described by Schlumbergcr (1893) from Lcpidocydw*
limestones at Clifton Bank, near Hamilton, western Victoria. The specie? has

been recorded from "e stage" but has its greatest development in **t stage", i'hr

age of the beds from which At haivddni was described has been based on the

Lt'pidocydiua population, which is dominated by ihe subgenus Tryblioleptduta

and which is regarded as the equivalent of "f 2 I./\ and somewhere about the

boundary of the Burdir^aban and Vindobonian of the European stages (Crespin,

1942). Records indicate that A. hoi.vchini has not been found in the Jndo-Paciiic

Region outside Australia in rocky younger than '*[.,".

Other species which have been described from the Victorian Lepidocydina

limestones and which arc found as far north as the North-West Basin ill

Western Australia, are Gypsum howdiim, Plcworbidinella piano, and F, inarqut~

lateralis. Two other zonal species, Crcspindta umhonifera and Calcarina v£rri-

culata, were described from bores in the Adelaide Basin from the Austrotrillina

howchini horizon (Howchin and Parr, 1938), C\ verriadata is very common
in the Lepiducyclina limestones at Batesford. Both species are found iti the

North-West Basin.

An interesting assemblage of recent warm water genera, Murgirtopora,

Sorites, Peneroplis, Miliolidae, occurs in the 'Y^-Jo* rocks and in Ihe Pliocene

jii that portion of the Australian Tertianes which have been subjected to Irtdo-

Pacific influences at the time of deposition. This assemblage is found in rock*

of topmost Miocene to Recent age throughout the Indo-Pactrtc, age being deter-

mined by the presence of zimal fofaniiniicra. It is associated with AustrotritUna

in "f a -f M
" limestones at Cape Cuvicr in north-western Australia, in some of

the limestones on the Nullarbor Plains, and in bores in the Adelaide Plaius and

in the Mallee. and Wimmera. Marginopora rarely occurs in association with

Jxpidocydina, due apparently to the fondness of the former genus far quiet

tropical waters such as are found in the proximity of coral reefs. Lepidocyclina

is usually associated with bryozoa which thrive where currents are present.

The Margmopora-Sories-Pcneroplis-Miliolitec assemblage occurs with zonal

Lower Pliocene (Kabmuan) species in the "Adelaidean" of the Adelaide Basin.

VL POSITION OF THE M1DDLU TO UPPER MIOCENE AND
PLTOCENE DEPOSITS OF SOUTHERN VICTORIA IN THE

1NDO-FACIFIC ''LETTER'' CLASSIFICATION
Broadly speaking, the majority of the bryozoal limestones in the Tertiary

deposits of' southern Victoria can be correlated with f
'f8 -fa

M
stage*', based on
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the presence of Trybliolepidinu in the upper portion of the section. The writer,

in tier investigations on the genera Lepidocyclina and Cyclociypeus in Victoria

(1941, 1942), showed that the subgenus to which the Lepidocyclina belonged

was Trybliolepidina, and that the species of these two genera were different

from those in known Indo-Pacitic deposits. She suggested that this difference

m species was due to
4
*the prescuee of an embayment in south-eastern Australia

in which other species, l:«ut still with Indo-Pacific affinities, flourished." GfefcSsfltf

(1943) sums up the problem in the following statement: "FaunaJ relations

between the surprisingly uniform Tertiary of tbe Indo-Pacific Region and that

oE south-eastern Australia and New Zealand are limited and are either created

by *Vi1|i3^hesFr^ic'' species which were able to cross the boundary of the tropical

belt or by short-lived climatic or ecologic changes, creating a suitable environment

for warm-water species and genera- In the Tertiary of Victoria the Bates fordiau,

containing a group of Lepidocyclina as well as Attstrotrillfna and perhaps some
other Indo-Pacitic smaller foraminifera, forms a short-lived liuk with the Indo-

Pacific Region."

Although Ausirorillina howchini was described from the Lepidocyclina lime-

stone at Clifton Bank near Hamilton, it is riot a common form in the Lepido-

cyclina deposits in southern Victoria. It docs not occur in the rich Lcpidu<ycltna

limestones at Batesford and Flinders in the central southern portion, nor in Brock
1

*

Quarry and in the numerous bores from which tfca Lepidocycltna horizon has

been recorded in Gippsland. but it does occur sparingly in that horizon at dinner's

section, Milchell River, near Bairnsdale, GippshiwL The species is well repre-

sented in the portion of the Mallee Bores which have bt<*n subjected to Indo-

Facihc influence and where it is associated with Marghtopora. The typical

Indo-Pacific genera Miogypsina and Flosculinella have not been recorded from

Victoria,

The Middle Miocene bryosoal limestones of •
i

.outh-<?a.-,tern South Australia

and western Victoria contain no large zonal foraminifera, but aOrtifl of the lime-

stones are correlated with the "f^-i," beds of Victoria by means of smaller zonal

species which are associated with the larger forms in the Lepidocyclina

limestones.

No zonal Indo-Pacific foraminifera are known from the Victorian Lower

Pliocene—referred to as the Kalirnnan—which suggests unsuitable ecologic con-

ditions during Pliocene times in Victoria- According to present knowledge, suit

able conditions did not extend eastward beyond the vicinity of Adelaide.

VII. SUMMARY
1. Indo-Pacific influence in faunal assemblages in Australian Tertiary rocks

extends from North-West Basin, Western Australia, to southern Western Aus-

tralia, across the Nullarbor Plains to South Australia and north-western Victoria.

2. Correlation of the marine Tertiaries of Australia with occurrences else-

where in the Indo-Pacihc Region is made by means of the larger foraminit'era,

wbich form the basis of the letter classification instituted by Dutch palaeontolo-

gies in their work in the Netherlands East Indies.

3. Eocene ("a-b"), Oligocene (

4ic-d") and Lower Miocene (V 1

) rocks

containing typical zonal foraminifera are not recorded south of the N8r£b*Wesl

Basin, Western Australia.

4. Middle to Upper Miocene ("f") zonal foraminifera are widely dis-

tributed in limestones in southern Western Australia, across the Nullarbor Plains,

in the vicinity of Adelaide arid in north-western Victoria &va\ similar rock

types have been recognised.



J 41

5. No larger zonal foraminifera of age value are present in the rocks of

Pliocene age, Jocal zonal species being age determinants. But associated with
the local species are well-known Tndo-Pacific recent forms. Rocks containing

such assemblages occur in the North-West Basin, at Ooldea on the Nttllarbor

Plains and in the Adelaide Bore sections and in the coastal sections south of
Adelaide, where they are referred to as the "Adelaidean" and are Lower Pliocene.

6. The Lepidocyclina limestones of Victoria, which are considered to be

equivalent to
kL
i
2
- f

3
" stage indicate a short-lived link with the Indo- Pacific. The

genus Lcpidocycling which is represented by the. subgenus Trybliolepidina, shows
ludo-Pacific affinities, but the species are distinct.

7. The conclusion drawn from the above observations is that Indo-Pacific

conditions extended down the coast of Western Australia., across the southern

part of the State into Soiith Australia and north-western Victoria in Middle
Miocene, to early Upper Miocene </"f

2 - V) time, with a very limited extension

into southern Victoria. Then followed a gradual recession of conditions. No
Pliocene deposits containing Indo-Pacifie forms are known east of the Adelaide

Plains and the sections south of Adelaide along Gulf St. Vincent. According
to Cotton, of the South Australian Museum, the examination of raolluscan faunas

in South Australia suggests that this recession has continued westwards during
Pleistocene and Recent times.
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Table 1

Correlation of Australian Tertiary Localities Based on Indo-Pacinx Foraminj feral Assemblages

Age
Letter

Classification
of Dutch

Palaeontologists

Zonal
Foramiuifera

North-West Basin, Western Australia
Nullarbor Plains,
Booanya, W.A.,
To Colona, S,A.

Adelaide Basin,
S.A

Mallee and
Wimmera,

North- Western
Victoria

11 miles N.W. of Minilya-Waroora

Marghwpora boundary on coast road.

Sorites Minilya Station f in. W. of Gerardi Adelaide Bores

Vahntlina Bore. Ooldea "Adelaidean"

Lower Pliocene ? V Peneroplis Minilya Station 3.25 m. S.E. of Chirrita Surface near Hallett Cove

(absence of Minilya Station 3.25 m. S.E. of Chirrita Weebabbie Christie's Beach

zonal Miocene Bore. Caves Pt. Noarlunga

forms) Minfya Station shallow well on track

between Chirrita and Gerardi Bores.

Yardie Creek, W. of Cape Range.

Aldinga Section

"f 3" Trybliolepidina

rutteni

— — — —

E. flank, Giralia anticline where Bullara Mallee Bores

track crosses first low hills. Adelaide Bores Nos. 2, 4, 9, 11

(without Approx. crest Chargoo Dome i m, from Bore No. 65 (near Murray-

Lepidocyclhw) Minilya-Waroora boundary fence. Booanya (600'-620') ville)

"f3" Austria trillhia Limestone Range on Waroora road Balladonia Bore No. 58 Ph. Ballarang,

Flosculinclla 4.5 m. N.W. of Waroora road crossing Madura (208'- 311') Allot. 28.

to Calcarina of Lyndon River on main coast road Top of Eucla Nathan Brewery Campbell's Bore

Cresptnclla from Minilya. Section (500-524') Ph. Tunart

"f 2" Marghwpora Trcalla Hills, Cape Range, S. end of White Wells Kinnish Direk (387'- 406')

Vahndina Chargoo Anticline. Outstation No. 1 (280-318') Wimmera Bores

Miliolidae Cape Cuvier, Coastal Section. Cotona Kinnish Direk Dimboola No. 1

Upper Miocene Gully 3 m. N. of Red Bluff, Coastal

Section.

No. 2 (265'- 365') (80-131')

to
Lcptdocyclina

Middle Miocene

(chiefly

Trybliolepidina)

Flosculinclla

Marghwpora
Miliolidae

Yardie Creek Homestead, Cape Range.

Exmouth Gulf outcamp Rough Range.

-

Gorge W. of outcamp Exmouth Gulf

Station, Rough Range,

Open gorge N. of Mt King, Cape

"f V Nephrolepvdina

Floscutinella

Range (top of section).

E. of Yardie Creek Homestead, Cape

to Miogypsina

Cycloclypcus

Range.

Bed of Creek, 3.5 m. from Bullara on

— ~—* —

"f 1" road to Giralia, S. of head of Exmouth

Gulf.

Portion of Badjirrajirra Creek Section,

Cape Range.

Rough Range, near Exmouth Gulf

Lower Miocene V
Eulepidiua

Neoalveolina

Spiroclypeus

Miogypsinaides

Cycloclypcus

Station Homestead.

22 m. S. of Yardie Creek, Cape Range.

W. end of Cape Range, Yardie Creek

Station.

Gorge N. of Exmouth Gulf Station

outcamp, Rough Range.

— — —

Eulepidina Open gorge, N. of Mt. King, Cape

Oligocene V—"d" with reticulate

Numtnulitcs

Range (base of Section).

Badjirrajirra Creek 4.7 m. from mouth,

Cape Range.

Bed of Creek at track crossing 8.5

—

Nummulitcs 9 m. from Bullara on road to Giralia,

Discocyclina S. of head of Exmouth Gulf.

Eocene
«
a»—

v

Pellatispira

Actinocyclina

Asterocyclina

10.5 m. from Bullara on road to Giralia.

E. flank of Giralia anticline where track

to Bullara crosses the first low hills.

Red B!uff Section most southerly ex-

posure of yellow limestone, Cape Cuvier.



THE MARINE ALGAE OF KANGAROO ISLAND
IL THE PENNINGTON BAY REGION

By H. B. S. Womersley

Summary

The first paper of this series (Womersley 1947) gave a general description of the algal ecology of

Kangaroo Island, together with an account of the more important environmental factors for the

island as a whole, and a discussion of the terminology found most satisfactory in describing the

algal ecology.
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INTRODUCTION
The first, paper of this series (Women-ley 1917) gave a genera! description

nt the algal ecology of Kangaroo J slant!, together with an account of ihe more

important, environmental factors ior the island as a whole, and a discussion of

the terminology found most satisfactory in describing the algal ecology.

This paper deals with one of the distinctive regions of the Kangaroo inland

coast j pfc;j (he horizontal rock platforms of the Pennington Bay region and other

areas of the south coast of the island (see previous paper). The Pennington

Pay reefs, because of their easy accessibility from the American River settle-

ment, have been studied in some detail. The same type of rock platform has

been briefly examined elsewhere along the coast—east of Vivonne Pay and at

Sou'-Wust River—and their algal ecology appears to bs similar in all cases. This

is in accordance with the similarity m structure of the reefs and in the environ-

mental conditions to which organisms inhabiting them are subject.

These rock-platform reefs are classed as a distinct section of the Exposed
Rocky-coast Sub formation around Kangaroo Island (\Vomers!cy 1947). Tlrfcy

arc formed by wave action from consolidated calcareous sand-dunes of Recent

to Pleistocene age, and alternate with areas of Precambrian rocks along the

south coast.

Pennington Pay is not well defined. The western part of the bay Is formed

of cliffs 80 to 100 Icet high overlying Precambrian rocks. In the central and
eastern parts the sand-rock cliffs are lower, usually less than 50 feet high, form-

ing small outcrops and headlands, separated by sandy beaches backed by sand-

dunes (see ph X). Further to the cast the cliffs are more continuous and lend

to be higher.

From the cliff bases stretch out the horizontal wave-cut platforms, composed
of the same calcareous sand rock as th& cliffs. Except in a few ca=es where wave
action has eroded small caves at the cliff base,, the cliffs descend almost vertically

lo l lie Jlat reef surface. Rock above high water level is usually sharply pitted

and ridged, that on the reef itself less so but still forming a hard and rough surface.

The characteristic feature of the reefs is their flat, horizontal surface and

vertical drop off at the edge into deep water of 10 to 20 feet. Many reefs are

undereitt in varying degrees, with occasional tunnels and blow holes up through

the reef surface.

The following account is based largely on the reefs occurring along some

li miles of coast at Pennington Pay and to the east. The Precambrian rocks

which form the western headland of the bay are not included in the discussion.

The most accessible reef is also one of the largest. It is situated some 100 yards

west of the track to Pennington Pay from the American River -Hog Pay road,

and almost due south from a large sand hill known as Mount Thisbe. This reef

illustrates well the main features of the reefs generally, and most of the algal

associations found in the region occur on it. The distribution of the algaJ associa-

tions on this
ffirain reef" (pi. XI, C\g. 1) will be used as a basis for the following

descriptions, reference being made where necessary to other reefs.
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Almost the whole surface of these rock platforms is dominated by algae,

though moIJuscs and other animals are characteristic of many associations. In the

rear littoral, on sloping and more exposed rock, several animal associations occur,

often pure but sometimes co-dominant with algae in restricted areas. It has
proved most satisfactory to deal with the algal associations by themselves-,

although mention is made in cases where algal-animal biocenoses occur. A full

account of the fauna of the Pennington Bav reefs is given bv Kdmonds (Edmonds
1948).

ENVIRONMENTAL COND 1T1QMS
A general account of the environmental conditions of the Kangaroo Island

coast has been given previously (Womersley 1947). The mole important environ-

mental factors at Pennington Bay are summarised below.

I'idul Range—Spring range, 2-£ feet approximately ; neap range, 1-V feet

approximately. The effect of wind ar.d the sta:c of the sea greatly modify the

tidal rise, often causing low or high water when least expected.

Roughness—Conditions on outer parts of the reefs are always rough, becom-
ing calmer further in as breakers passing over tht reefs gradually lose their force.

Breakers are a constant feaiure of the Pennington Bay coastline, but with n north
wind and calm sea they are only 1 to 2 feet high (ph X and XI ). Such conditions,

however, are not common, and with a heavy swell breakers up to 8 or 10 feet

high occur off the reefs (pi. IX, fig; 1, pt. I). u> During calm conditions and a

low tide, most of the reefs may be exposed, or have iew waves passing over Lbem.
High summer air temperatures may kill or damage large reef algae under such
conditions.

At the rear of the reefs conditions are usually much calmer, but rnosl areas
of sloping rock are washed over by small waves, and pools o[ still water occur
only aL low tide.

Temperature—The following table of sea temperatures on the main reef gives

some idea of the yearly range. All figures are isolated readings, but the daily or

weekly variation is small owing to deep water close in shore.

Table I

Sea temperatures on the. main reef. Pennington Bay
Jan. April May June July Sept. Niv.

Tomp. rt

C. - - 190 mi 17-5 16-0 13-5 14-0 16*0

Temperatures on the main reef are usually within l
g C of the sea tempera-

ture off the reef (warmer in summer, warmer or cooler in winter depending on
the air temperature). On rock platforms above the reef surface, and usually
above high water level, isolated pools may occur where water temperatures reach

30; C. during summer. Such pools bear a characteristic but sparse algal com-
munity (see later).

The yearly ranrre in sea temperature is small (about 5
-

5
y C), but variation

in size and seasonal occurrence of a number of reef algae can best be attributed

to this.

Air temperatures—Few figures of air temperatures are available. Some for

Kingscotc (on the north coast of Kangaroo Island) have been given previously

(Womersley 1947). The climate generally is insular and mild. Air tempera-

tures of most importance in the algal ecology occur on hot summer days, when
they may reach 37

1
* C. If combined with a north wind and low tide exposing the

y% Part i refers to the first paper ol' tlii* scries (Wouicrsley 1947).
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reef surface, this may result in considerable damage to reef algae, particularly

species of Cystophora and Ilormasira banksii (which occurs on higher levels of

the reefs). No harmlul effect of exposure during low tides iri winter month*.

has been observed, nor would be expected as air temperatures are not often higher

than sea temperatures from June to September.

Winds—Southerly to westerly winds are most frequent on the south coast

of Kangaroo Island. Easterlies often occur, but occasional northerlics during

hot summer weather arc the only winds of direct importance in the alga] ecology

(see under Temperatures).

Chiorinity—Isolated readings ( January 1 946 ) have given a chiorinity o F

19* 5-49-6 W
/ J (salinity 35-2-35-4

%

n j for water on the reefs. Little annual

change would be expected. Isolated pools above the reef surface are often more
saline, particularly in summer (chiorinity 20 - 5-22 ,2°/O0 ), and usually lower after

heavy ram.

Alkalinity—Colorimctric methods bave given a pIT of 8"2 to 8-3 for water on

ibrc reef.

ZONATION
The relatively small tides, and constant breakers, result in no marked hori

zontal zones such as described by numerous workers in regions of greater tidal

range. Algal zonalion does occur, however, and differences in reef levels of onlj

2 or 3 inches frequently cause profound changes in the algal associations (sec-

reef section, fig. 1). The greatly dissected nature of the coastline, and the

variety and grading of the habitats on the reefs, tend to obscure any obvious

conation, but over the whole area of the coastline examined there occur numerous
well-nnirked association;, characterised by fairly distinct environmental conditions,

The average horizontal level of the reefs seems to correspond fairly closely

to a mean low tide \^\^\ (neaps). Some areas, either on the outer edge or else

where on the reefs, are a few inches: higher than the rest, while shallow channels

and pools often occur on the reef surface. Such features are well shown on

the main reef (see map and pi. XI, fig. 1 ).

The reef surface is therefore classed as being in the litforal jawif.-t
1
) How-

ever, owing to the form of the reefs, few of the a3gde on their Mat surface are

ever completely exposed; many occur in shallow pools or areas oi water retained

on the reef at low tide. In other slightly higher areas the growth is so dense

that a considerable amount of water is retained in the masses, and such areas

are washed over by occasional waves. Only at the rear of the reefs on sloping

and vertical rock which is classed as the rear littoral arc the algae exposed tor

any length of time at low tide (see reef section, fig. 1).

The algal associations grouped together in the littoral zone are therefore

subject to a much smaller degree of exposure than are littoral associations on
steeply sloping rock in calmer seas. This is a characteristic feature of horizontal

rock platforms wherever they occur, iri contrast to the conditions on steeply slop-

ing coasts. Algal ecological literature contains very few accounts of similar

rock platforms, which are however a distinctive feaiure of many parts of t hr-

southern Australian coast.

The littoral zone is considered to include all algal associations at higher

elevations, subject to wave action or spray. These may occur 2 or 3 Eect above
actual high tide level, but this is due entirely to the effect of wave splash and,

in some areas, of shade.

CO For discussion of terminology BCO Wotnersky 1047.
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The only algal community which can truly be classed at supralittaral is one
at Prasiola, which is found only where penguin colonies occur. Tins habitat is

also subject to fine, blown spray, but is more semi-terrestrial than marine. At
kast one mollusc association can be best considered as supraiittoral (Edmonds,
ibis journal, p. 168).

The edge of the reef, and to 1 or 2 feet down tin; vertical side, is leaned
the sublittoral fringe (pi. XIV, &£ 4). A vtry distinctive association of algae
occurs on this part of tjie reefs. The importance of the sublittoral fringe zone
in the broad algal ecology of Kangaroo island lias been outlined in the first paper
t;»f this scries.

Below the edge of the reef, for at least 3 or 4 feet down (as far as it is

possible to investigate), zouatiou oectmi, but rhc deeper sublittoral "flora is known
only from the assemblage found cast up and nol growing on the reefs. Dredging
(iff the shore js, unfortunately, quite impossible.

THE ALGAL ASSOCIATIONS
Description of the Maix Reel-

The shape and appearance rvf the main reef at Pennington Lay is shown
in pi. XT, Tig. 1 and by the map. it measures some 70 yards across and 75 yards
from beach to outer vdgtt. Other reefs at Pennington Pav are shown in pi IX
fe 3, pL I.

On the nori-h-west corner of the mam reef arc cliffs abouf 15 feet high, with
a ledge 2-3 feet wk!e_ar the base. This ledge fornix the western side of a sandy
pool, which U about J feel deej) in the outer corner, and has a small sandy beach
ill the rear. The amount of sand on the beach and in rhc pool varies greatly at
different times. As a general tendency the beach and pool are heavily sanded
up in summer (pi. XIV, fig. 1). but with considerable bare rock in winter "(p. XI

L

% 3; also see map) ; tins rdlows development of Ectocnrpus and Rnteromorpha
associations on the exposed rock in winter. The amount of sand present, how-
ever, is largely dependant on the weather over the previous few weeks. The
eastern part of the reef is backed by rod;; which have fallen from the cliffs—the
''fallen rock region" (pi. Xii, fig. 1 and 2). At die north-east corner of the reef
is a small rock platform which contains several rock pools on the top, about 5 feet
above the reef surface.

A noticeable feature of the reef is the absence of loose rocks on the surface;
a few which occur m [he fallen ror.lv region arc almost dry at low tide and too
large ro bcremoved by wave action. This results in the virtual absence of the
characteristic fauna, and to a lesser extent the flora,, which inhabits the under*
surlace of loose rocks (sec Pope 1943)..

An important structural feature of the main reef is a ledge forming a drop
oi 0-12 inches, running- in a curve through the centre of the reef to the south-
east corner (pi. Xi, tie. i

; pi, xi\\ fig. 1 and 2, and map). This ledge, due to the
almost continual streaming of water over it, even at low tide, bears a distinct
algal association.

The areas colonised densely by Hot uuisira on the outer part of the reefs are
slightly higher than the rest. Between Ihe main area of llormosira and the ledge
is a shallow channel. G to 10 inches below the eastern part of the ree[, which
widens out towards the sandy pool. Except at an extreme! y low tide there is

some water movement along this channel A (ess well defined channel passes in

trfcKfl the outside edge of the reef between the two main areas of Uonnosira.
The western side of the reef is Tairly even and 6 to 12 inches lower than the
cistern halt",
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The outer edge of the main reef is greatly dissected, with numerous pools
and pot-holes (pi. XV, fi~ 3). This is the roughest area of the reef and bears
the dense and distinctive suhiittoral fringe association. The south-eastern corner
is more even, but slightly higher, with a greater degree of exposure between
waves. An association characterised by the articulated corallines, Corallina and
Jania, together with species of Cysfophora, is developed here.

Owing to the position of the shallow channel, and slightly higher eastern
side of the reef, general water movement is across the reef to the western side
where ii streams off the reef. Very little riebnfe is ever cast up a! Lhe rear of
the main reef, but is deposited on beaches on either .side.

The main icef has been describcri m some detail because it illustrates well
lhe manner in which slight differences hi height of Hie reef (sometimes unlv
2 or 3 inches), and the degree of roughness in different parts, control tlw*

occurrence and distribution of the algal associations (pi. XIII, fig. 2).
This will be evident in discussing the associations, and also from' the*' cross
section of the reef shown m fig; ]. The map shows the distribution of algal
associations cm the main reef during Tanuatv (full map), and during August-
September 1 946

'

(inset). These illustrate the summer and winter appearances
of the mam reef, but owing to the varying amounts of sand covering parts of
the rear littoral in winter months. Lhe distribution of rear littoral associations
often ditiers from that shown for August-September 1946.

-At the western end of Pennington Bay, near the headland of L'rccambriau
rock, is a reef formed of three or four horizontal terraces, each 1 1n 2 feet
vertically above the next and sloping- steeply between each (pi. XI, fig. 2). The
sand rock of this reef is the same as elsewhere in the bay, and there seems no
obvious reason for the development of such a distinctive and different type of reef.

This "western terraced reef bears several algal-animal communities which
are absent or poorly developed on the typical rock platforms. The Tlormo.sira

-

h.clocvrpxis I PylaicUa -anemone community will he referred to later, and a very
prominent Modiolus (mollusc) association is described by Edmonds. An asso-
ciation of stunted Lauraicia hefc-rodada occurs at a low littoral level.

The following account of the algal associations of the Pennington Iky
region is based largely on their distribution on the main reef. Reference is
made_ where necessary to their distribution on other reefs elsewhere in the
Pennington Bay region and also in Vivonne "Hay, but the main reef lias proved
to be very typical of this type of reef generally.

"

The Sui'RAr.rTTOKAr, Zo>;e

Over most oi the DDOHt no algae arc found in the stipralittond /.one. bur in
restricted areas two poorly developed algal communities occur, and also a sparse
lichen community.

T'rastot.a community
Vrasifila sp, occurs on rock or stones on sloping parts of the cliffs up to

25 feet above hi^h water, hut only 'where well developed penguin tracks pass Up
these cliifs. One such locality is about \ mile cast of the main reef. The com-
munity is not prominent, and of infrequent occurrence. The alga, which is

undetermined specifically,, forms small green patches, rarely more than 2 or 3 crm
across, of tangled cylindrical filaments. I-s habitat is subject Lo fine blown spray
in considerable amount, hul it is best regarded as a semi-terrestrial alga rathcV
lh:m a marine one. Prasiala is best developed during lhe winter months.
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The other two communities described below are not strictly supralittoral but

occur at a level above the main littoral communities, and arc described here as

a matter of convenience.

JJCIIINA COMMUNITY

Small black patches of the lichen Lifhina roitfnis (Muell) Ag. occasionally

occur in sheltered area? in the fallen rock region of the main reef, and in similar

habitats along most of the coast, On the south coast of Kangaroo Island it

rarely forms a distinct association, but is much more prominent and covers con-

siderable areas of rock in calmer areas on the north coast. It occurs at least

partly above high ikle level, its distribution being controlled by wave splash

and shade,

ISOLATKII ROCK-POOL COMMUNITY

On the small elevared platform at lhe north-east corner of the main reef (see

map) occur several isolated pools. These pools are about 44 feet above the reef

surface, and are subject to wave splash only under rough conditions. Sumlar

puuls situated above high tide level occur infrequently in the Pennington Kay

region. Owing' to their small size, habitat conditions in the pools are extreme;

on hot summer days water tern])erahires may reach 35° C, falling to 20° C. or

less at night; while winter temperatures are often lower than the sea tempera-

ture. Salinity conditions are also variable.

The flora of these pools is .parse and variable in its occurrence, but charac-

teristic of the habitat It is usually better developed during the winter.^ The

following species are most frequent : Potysiplwnia abscissa £T. & M-, R pules

Jfarv., Pi dasxoides Zan., J.aurcnda hctcrodada Han\, Rciocarpns confcri'oukw

(Roth.) Le fob (winter), Ccramhwi utimatum Suhr. and Ccntrmxras ctovutatuni

Ag. All are species of wide habitat range, and in many cases they are common

in littoral associations.

The Ltttokal Xuxk

The associations of this zone arc conveniently divided into those occurring

on Sloping rock at the rear of the reefs, atid those on the flat reef surface. Thus:-

in the rear littoral are more tolerant of exposure than the reef surface forms, and

except at high tide are exposed between each wave. The distribution of the

associations on the main reef during summer (January) and winter {August-

September) is shown in the map. The cross section of the reef during Septem-

ber (mr. 1} shows the vertical relationships of the associations between the shore

and the outside, edge of the reef.

Rear littoral associations

1. S^tFLOCA HVIVNOIUKS ASSOCIATION

Symptom, Iivdnoidcs Kihz\, a filamentous blue-green alga, forms dark, leli-

like irregular patches, to 3 or 4 cm. across, on sloping and vertical rock at the

rear of the m-fs. At high tide it is washed or splashed by each wave, but may

he left exposed for several hours at low tide. The soft spongy mats of the alga

retain water stronglv. The height to which Symptom, readies is controlled by

the amount of wave" splash, varying from 1 to 4 or 5 feet above lhe reef surlace.

It is best developed in shaded areas.

Although at times this association is very inconspicuous, Symptom Itydnoides

occurs on rock bare of other algae. U is found in similar habitats on rock-

platforms elsewhere alone; the south coast of Kangaroo Island.

On one shaded rock in the fallen-rock region of the main reef a bioceuuse of

Svinplora h\dnoid<\s and the barnacle Tt'tmciita purpurascens occurs.
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2. GkUDIUM PUSILLUM ASSOCIATION

This association at Pennington Bay is but a poor example of the Gclidium

pusilhtm (Stackh.) Le Jul. association on calmer coasts, such as at Rocky Point

m in the American River inlet. Conditions at Pennington Hay are mostly too

rough, and it is resrrictcd to thin patches oil vertical and sloping rock in locally

.sheltered places. On the main reef the cliff above the ledge forming the sandy

pool has thin scattered patches in shaded hollows; it also occurs in the fallen

rock region, mainly on the .sides of the rocks.

On exposed rock, Gelidium pusiJltnh' forms yellowish-brown much branched

iluilli, but when growing in pools the fronds are upright, less branched, and

1 io 3 em. high.

Like Symplon*, lhis is not a conspicuous association, but it is of general

occurrence in similar habitats on ihe saudroek reefs. In some, areas it is co-

dominant with the scrpuHd worm Gufcohsriu cacspdasa m a b-.ocenose.

3. RlV'Ur.AUiA KM: MA ASSOCIATION"

Rivulariu fnwa Wumerslcy forms dark blue-green gelatinous blobs up to

2 an. across (masses io 4 or 5 cm. across) in parts cii the rear littoral where

there it? constant wave splash, or on lodges over which waves stream. Such

habitat-, were exposed between waves ar low tide, but only for very short periods.

A high decree ul aeration seems to he of most importance. The (irm gelatinous

I hall i can resist considerable exposure during the occasional very low tide and

hot summer went her.

Rhitlaihi finna occurs aion& the south and wesl coasts of Kangaroo Island,

in the upper lit;oral, whatever the type of rock. The association varies greatly in

its development from place to place", for no obvious reason. At Pennington Bay

rocks in 1he rear liUoral may be densely covered with the hemispherical blobs

(pi. X, fig. 2, pt. I), with no other algae present; in other places, and at

different times, the rock may be bare. Development ts usually better during

winter months, uud may be very poor in summer.

On the main reef, the ledge running in a curve through the centre of the reef

tfl
the. south-east comer is usually dominated by Khndaria finna. This is a region

oi constantly streaming, broken "water, £&) is colonised by a distinctive group of

aigae. Apart from R^fmnn, the commonest an? Hydrocolnun ghitinomm (Ag.)

Gnm-Mit, Kividah ofr'a Roth,, Paly.aphonia frufcx (epiphyiissed by Culothrix

confcrvlcola (Koth.) (Ag.j, Uormosira haukui Dene., Lcim'riuia licterodada,

witii scattered plants of iVranc/clia plumosa Harv., and Chumpia obsoliUa Harv.

The dominance of blue-green algae on this ledge is striking, but similar ledges

have no* been found elsewhere m Pennington Kay. though they may occur.

On the small "islands'-' on the ledge (see map) and in more exposed parts

at lhis association, Gah'oiuna aicspiiosn often becomes co-dominant with the

Rhnhiria.

4, P.ctocakp-os cONran'oiniis axo PvL.Aiu.rA j.-ulvksceas skasoxai.

ASSOCIATIONS

F.clocarpits canfentities and Pylaklla (Bucfudotia) ftdvescnts Bornet occur

m rhe^ame habitat on sloping rock in the lower rear littnral, or sometimes in pool?

in a similar pnshkm, at different limes of the year. Evtorarp-us occurs during

winter months (April to November), PyUvivlia during the summer (Septembei

to May) Uoth species grow on sloping, well washed rock which is exposed

between wave, at low tide v fig. 1 ; pt XII, \'\g. 3 and 4. and map). They reach

their Greatest size (to 7 or S cm. high) however where always covered, with
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Eught wave action. During- summer the sloping rock at the rear ai the sandy pool
(main reef) is usually buried uiuler sand, preventing Pyliticlhi from developing
there.

In appearance both algae are very similar, forming brown tufts, but whereas
Ectocarpus is abundantly branched, t'yloiclla fnlvcsccm is branched only at tHfc

base and the tuffs are less distinct.

Scytosiphun lomc-nlaritts (Lyngb.) J. Ag\ is frequently found in both asso-
ciations, especially in winter when it is heavily epiphyiised by Ectocarpits
confentoides.

Si KXTKROMORPUA ACANTHOIMiOKA A5SOCJATJONT

Entcfomorpha ocanlhophora Ktkz. forms a striking and pure association in

the rear littoral of the Pennington Hay reefs, in very much the same habitat as

Ectocarpus and Pylaiella. Both associations however are remarkably distinct,

with rarely any intermixing, Why this is so is not clear, for rock on the same
slope and subject to apparently identical conditions may be covered by two quite
distinct areas of Ectocarpus and Entrroniorpiin, The association varies con-
siderably in its development from time to time, being best developed in

late winter. Small scattered plants occur in the inner channel area from time
to time.

Both the EnfcromorpIiG and Ectocarpus - Pylah-Ila associations occur where
loose rand, is carried about by the waves. The algae appear to be very tolerant i<>

this sand movement, and may even survive short periods of burial hi sand.

6. L-KVA LACTTJCA ASSOCIATION
Ulva lactuca L. (f. rigida (Ag, ) he Job) often colonises areas slightly lower

titan ErJeromorpha, and scattered plants occur at the rear of many reefs. The
habitat is less exposed than thai of Enieromorpha. The plants are variable in

form, from broad expanded sheets to elongate undulate ribbons, and rarely more
than 12 cm. high.

Littoral associations

The associations described be'ow as being in the littoral zone are not strict!)

so, a? most of the algae are rarely exposed for any length of time. At tow tide
many of the larger species reach the water surface, and others are covered i>\

only a few inches of waier, A few, such as Hunnosira, are exposed at every
low tide.

_
On calmer coasts Cystuphora sitbfarcinata, C. siliquosa and often

C. brownii arc characteristic of the upper sublittoral, but with the exception of
C. siliqiwjca few of the reef algae extend into the snblittorah From most view-
points it is convenient to regard the following associations as characteristic of
lhe littoral zone,

7. POLYSIPHOrciA KlU-'TEX \SSOnATrUX
Polysiphonia jrufex is common throughout the year on the iedge and calmer

areas of the main reef. On other reefs at Pennington Bay, including one imme-
diately west of the main reef, It forms a pure association on flat or sloping rock
in areas of medium in slight wave action. The ai^ reaches a height of only
5 to 7 cm., but is dense enough to give the area a dark hi own appearance. Common
epiphytes are Polysiphonia abscissa and Catothrix canfervicola.

8. CvsTormxLUAr AruKtcATUM association
The area between the sandy pool and the ledge on the mam reef (^ee map) is

covered by a pure association of Cystnphylhtm vturivalum (Turn. ) J. Ag. Other
algae are virtually absent from this area. Cysfophylhim also occurs as scattered

plants on rock in the sandy pool and near the fallen rock region. fJn oilier ivK
it is not common,, but usually pure when it does occur.
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The alga reaches a height of 20 cm., developing best at (he edges of sbglitfy

deeper poofs. Sphacclaria biradioio Asken. awl Sphacdarm furdtjera Kutz. ate

common epiphytes on the lower .stems during summer. Occasionally Hie plants

are almost buried in sand, hut appear to suffer little damage. The association is

always, but only just, submerged.

The rocky boUom in the north-eastern half of the sandy pool is rarely covered

by sand, and beats a very mixed assemblage of species. At low tide it is coveted

by 1-3 feet of water, with fairly calm conditions. Cystophyllum muricaium is

present here, though not well developed and in varying amounts throughout the

year. Other species may be prominent at different times, developing rapidly and

disappearing after two or three months. Such species are Uagora hnrveyaiia

/eh., HrJiiuuthonj Itimcux J. Ag. ? Champw obsolcta (winter). Mctyoptcrix

acrnstichoides (J Ag. ) SehuiUz? Ectocavpus conferva ides and Scytosiphon Iomen-

iarius (both winter). Pyloidla fttlvesrcns (summer). M'nellcrena sp. (winter),

witli Llni Uulitca and Entcronwrpha acanthophoYa in the shallower parts, This

mixed group of species is also tound on the eastern pgti: of the main reef,, in

shallower writer near the fallen rock region, but is less well developed here. Most

of the species are found in other associations on the reef.

9. Ja;-M\ rASTKaATA association

Oti several reefs in the Pennington I 'ay region (one iinmediaiely east of the

main reel") and also on reefs in Vivontie Bay, Jania fastujiata Haw. colonises

otherwise hare rock in the littoral zone. The association is not. a dense one, but

disttnciuc in appearance. The fronds (to 4 or 5 cm, high) arc bleached white

in summer, but in many cases are heavily epiphytised by Cotofkrix lOitfervUofo,

"ivm" the association a blackish-srcen appeaniuce. The habitat is usually of fairly

even rock, just exposed at very low tides.

10. Kauukkcia nrTEimrr.ArjA assoctatjo.v

LaHran-iu hrtwclGda occurs as n minor component of several reef associa-

tions, and is widely disttibuted along the south coast of Kangaroo Island. On the

lower level of the western terraced reef tpl P XI, fig. 2). and similar sloping rock ?n

the low littoral, it forms a community which is doubtfully of association rank.

The alga grows a- a dense turf, up to 7 cm. high, yellowish-brown in colour, of

Entiled plants where it is subject to fairly heavy wave action. This habitat is

rarely exposed, being onlv slightly higher tram the subtiUural fringe, A stunted

Snrffiissnm, Clodovcpltu* I'Ct'tici'llatits (Lightf.) Ag., Caulerpa Imnvnn Endl..

d siwfdichtscuta Ag.. and ClntrlQUiorpha d^nvinii Kutz, often occur with it.

11. '1am CvyToruoTJA coMrxex

The greater part of most of vhe I'e/.iniiigtoii Ray reefs is colonised by specie*

of Cyxtophora. Their extent on the main rcer is shown by the map. The mixtd

C\.<l'ophara association covers the area cast of the ledge, consisting of numerous

shallow pools retailing 4 to 10 inches of water at low tide, and also the channel

are'd arid jftt&t Cli the western part of the reef.

Forr species of Cysiophora, C. uvifcra (Ag.) J. Ag.. C subfoniiuda (Mert\ j

J. Ag., C; - silitjuosa J~ Ag. and to a lesser extent C\ browiiii (Turn.) J. Ag..

together wiih Sarr/assujn nntriculahtm J. Ag., form a complex of associations.

Depending on small variations, in depth of water and calmness, each may form ait

almost pure association, or. as is more common, a nvxed association of almosl

any couibination cri two or more species (pi. X, tig. 1. fit LJ. The shallow

pool area east of the ledge on the ma:n reef is dominated by Cysiophora sub

fiirchiuUi, ('. silit{itosa and C u-Afcra, with some Snrgas.utm ttntrkitlahmu This

is reCmed to as a "mixed Cysiophora associaiion". As pure associations,
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C sttbfarcinata and C. siliquosa are most frequent.

The importance of Cyslophora in the algal ecology of Kangaroo Island is rn

many ways analagous to the importance of Eucalypts in South Australian land
ecology, Tn the previous paper it was shown that the algal formations and sub-
formations around Kangaroo Island can he characterised by the presence or
absence of species of Cyslophora. Of some 25 species in the genus, 17 occur
around Kangaroo Island,

(a) Cysinphora u^ifera forms a pure association on Hatter and calmer parts of
liic reefs. On the main reef u dominates an area of more even rock miming out-

wards towards the south-east corner, and also parts near the western etfgu

(pi. X1V T fig, 3)*. Tt is densest where just covered at low tide, partly due to

insufficient depth of water at low tide to allow other (and larger) species oj

Cyslophora to develop.

JT. itidfera tonus short, ralher stunted plants, to 25 cm. high., with cue to

several stems arising from the base. It shows remarkable seasotial variation in

vesicle production, which seems to be attributable only to seasonal variation \-\

sea temperature (a ranye of about 5*5° C on the reef), C, nvij'era has always
been described as bearing spherical nuttic vesicles on the main stem ( Harvev
Phyc. AuSv. pi 175). This is the form found in calmer water* or rarely cast up
from the? sublittoral. On the Pennington Kay reefs, vesicles have never been found
on the plants during January, liy May. small elongate vesicles with a strongly
developed nntcro occur in small numbers on most plants. These approach cicely
the vesicles of C. ccphalornilfws, which is only found in much calmer habitaK
In September vesicle* are numerous, the older ones bein^ almost spherical and
with only a small mucro. The "typical" mutic vesicles are rarely seen, and by
mid-summer the vesicles are lost. It seems evident that besides the controlling
effect, of temperature in vesicle formation, the relatively rough conditions on the
Pennington Bay reefs cause the juvenile forms of vesicle (elongated and
mucronatc) to be largely retained.

Sartfttssitin Murieuldtntn is commonly present in the same area a> C\ :ivifm
Spharrlaria fnrc'tgi'ra, and occasionally Sph, biradiata, grow' cpiphvtieally on
the stems-

(b) Cyslophora sitbfurcittufa- Tins alga grows in slightly deeper water than
C. uvifcm, where wave action is greater bur not extreme. Apart from Honnosira
htuiksn, ii is the most widespread species un die reefs. On the main reef it is

one of the dominants of the mixed Cyslophora association, and is parttculaily
prominent in pools more than 6 inches: <h-v\) and in tl;e channel atva. where ft is

always in 6 to 12 inches of water (pi. XIV, rig. o* ).

Cyslophora suhfaninaia never produces vesicles on l he Pennington Lay
reels, or elsewhere on the south -coast. Tn sheltered parts of the north coast,

however, vesicle formation is common. This is a clear ease of ecological forms
under different degrees of wave action.

(c) Cystophoro sifiqnosa- iuliabiis deeper pools than C. subfardnala. It forms
a characteristic fringe around most of the deeper rock pools towards the outside

-of the reef, aud also on the western side of Lhe reef wbere water streams off.

It cannot survive strong direct wave action. Small plants oratr over most of the

mixed Cyslophora association on the main reef, hut only in deeper rock pools does

it attain its maximum length of 5 or 6 feet. Near the western edge of the reef,

Antitluininiou hanouno'ides (Sond.) De Tom. AnHthamnion sp. and Dasya spp.

are common epiphytes on C. siliquosa.

On other reefs, and rock off the edges of reefs, C siHqitosa forms a purr

association in 2 to 5 or more feet of water
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(ft J Cy.\tnphora broumti—This species is less common than f he previous Ihrn
,

and docs tiOl occur on the main reef. On reefs east of Peratiftgtttn Hay it is

sometimes eodominant with C. subfara'ttata in 1-2 feet of water (ai low tide)

towards the rear. Only rarely has it been seen pure.

(c) S tth/assurn markulaturn—Thus, the only imporlatu littoral species of Sor-
(fusvuiu, U common on most of the rock platform*, and shows remarkable seasonal

development On the mam reef it occurs near The fallen rock region, on flatter

ureas with C. uviftra, arid in the channel, but h densest on the western side o?

the reel where it thriven in (he nmsirjnliy streaming water. Tn the latter area

it is often dominant, hut elsewhere is usually subdominant to the Cystnphora.

JJuriug summer StWtjassum munailaium is a .short stunted plant rarely more
than 10 or 12 em. hij*Ii, and it can be easily distinguished from Cystopliom uvifera
only by its flattened stem, (irowth commences during March or early April, and
during winter Hie fertile fronds are developed, reaching a height of 40 or 45 cm.
Vjy September small vesicles, almost identical with those of S. souderi J. Ag., are

produced, but by -early November the fruiting frond disintegrates, losing both
receptacles and vesicles. The- sialk of the old frond persists for some weeks,
but by January the plants are reduced to a short stem bearing a few branches
with crowded, almost terete leaves (such as figured by Agardh [t£89] ). This
striking seasonal development must be due to lower water temperatures, though
the annual range, as given previously, is small.

Throughout the Cystophora asspf&tiQfefl scattered plants of Hornumra
bonksii may occur chiefly on higher ridges (pi. X, fig. 1, pi. 1). Tiay dark
blue-green thalli of Rkndaria atra are a1 sii common on bare rock in the associa-
tion. An intermediate eommimfly bciween the mixed Cystophora and Hormosint
associations oil the main reef will be discussed later.

Several other algae occur irregularly in the Cystnphora complex, varying
greatly in iheir distribution and occurrence in ciftcrcnt seasons. These will be
dealt with later under "Chance distribution of minor species" (seep, 157).

Although the species of Cystopfwra are the largest algae gnuwitig on the

reefs, much of the rock between the plants is left bare. This is probably due in

some measure to temnval of young plants, of other species by the fronds of the

Cv.sfoplutra as the latter are moved over the rock "by waves. On one occasion
(April. 1947) the channel area had been almost denuded of hlg&ft Otily OMt

holdfasts remaining. Growth of new plants in this area was poor, and it would
seem that few specie? apart from those of Cystaphora grow readily in areas of
shallow streaming water, Yet such a hul.ntet appears to be just as suitable as

many where algal growth is heavy, such as the nihil Moral Fringe association.

When compared with the latter .association the Cystnphora complex is poor in

number of sptvies, though composed of larger plants.

12. IloKMOSlRA n.YNKSTl ASSOCIATION.
Hormosira. hanksii (f, ajeben [Bory] Dene.) is more widespread than any

other alga on the Pennington Hay reefs. It occurs from Ihe outer QigC to the
inner calmer area?, but only on higher parts of the reefs in fairly rough condi-
tions Hoes it form a dense and distinct association. On two areas On the outside
of the channel on the main reef, and a. smaller area just ea.^t 01 the ledge near
(t^S ty^/'/wrfl-ioralline association (sue map), it become* very dense, to the
exclusion of all other algae except a lew epiphytes (ph XII I, fig;. 2 and 3). The
areas of pure Hormosira are only a few inches above the rest of the teef, but
are exposed between waves at low tide.,, sometime? for several miniates. On
many reefs the Hormosira association is near the nuler edge or sides. Many
reefs have the surfaces markedly ridged, and h&ar Hormosira only on the ridges
where d is exposed at low tide (pi. Xlli, fig. 1)
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The chains nf head-like vesicles (about 1 cm. across) of Horawsira provide

an abundant reservoir of water fur the alga to tolerate exposure and desiccation.

No other alga has a similar structure, so it is not surprising that Hornwsira alone

caii colonise these higher areas. The abundance of the plants in die pure areas,

and their large size compared with the same species elsewhere tin the reef, would

indicate however that some degree oi exposure is beneficial to the growth of

Hormoura.
On the rare occasions of a hot north wind and very low tide, leaving the

reef exposed for sxmae hours, Honnosira on higher areas may suffer considerable

damage, becoming- black and withered.

Nolhchi anovialn is a vexy common parasite, growing from the conecptacles.

Other epiphytes are the black tuits of Polysiphania nigriia 'Sunder, and Hydra-

culmm lyngbyitceiim Ktttz. which forms small dark blue-green furry growths in

the constrictions between the vesicles.

The second level of the western terraced reel (pi. XI, fig. 2) comprises

numerous pools, 3 to 6 feet across and up to I foot deep. Waves enter the pools

sit Medium and lur^h tides. Ilormnsira banksii forms a dense fringe around the

edges, and well-developed plants occur un the bottom, usually reaching to the sur-

face (pi. X11I. fig. 4), Also on the bottom of the pools occur brown tufts of the

filamentous species Polysiphonia abscissa, Ectocorpus confer: 'o ides (winter) and

PxlaicUa fulvesceits (summer). The red anemone Actinia imcbrosa US prominent

in shaded hollows around the edges of the poo:s, just below and for a few inches,

above the water line.

The development of this HorwosirQ-Acfinia biocenose is ihw. c^sennally to

the specialised habitat—shallow pools exposed at low tides and subject to wave

influx at higher tides. From the algal viewpoint it is best considered aq a variant

of the typical Ilorinosiw association and has been seen only on the western

terraced reef.

1 3. Cv.STOPl 10RA - COKALLtNE: ASSOCIATION

The south-east corner of the main reef receives the full force of breakers.

though on the eastern side waves tend to surge over and along the <$)$£, This

corner is slightly higher than most of the reef, and bears a closed and dense asso-

ciation (pi. XV, iig", 1). On higher, but rough and constantly wave-swept parts of

other reefs the same association is prominent.

Dominant are the. dark brown, densely branched fronds of C'ystophora

paviathtta (Turn.) J. Ajft often sumted lighter-brown fronds of C. sttbfarcmata,

and two species of the articulated coralline aJgae. Small tufts and mats of

ComUina cuvicri Lamx, cover most oi the rock between the larger algae, while

Jama fnstigmia Hat v< is heavily epiphytic on C. subfarciuala (pi. XV. fig. 1 and 2).

During: wmter CnralUna cuj-rri ( f. crispata Lamx.) is a pale pink, while Jimia is

a brighter red. In summer both arc bleached to a faint pink or white, but on aU

occasions the contrast of the brown fronds of Cyslophora and the pink or white

of I he corallines gives the association a distinctive appearance (pi. XV,, fig. I

and 2),

Cvstophora punkidntu is well developed in ihe rough areas but absent from

the rest of the reef. Though usually abundant, on occasion it lias been almu^t

absent (September 1946). On some reefs it is rare and the association is

dominated by the corallines.

The degree- of cpiphytism in tins association is very h'u(h. Most species can

grow on either rock or the Cysiophoru. The rough warted stem of C. pctmculaUi

provides an excellent substrate for many species. Some epiphytes arc seasonal

in their occurrence.
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Species present throughout ihe year include: Das^apsts dazdgcra Wumers-
k:\

,

Polysiplioiiia v'vjri(a t P. dasynidcs
j
Hetcrosiphonia gunniana (TTary,) Falk.,

t htirlnmorplta danuwii. Caidcrpa brownii, C. simpUchtscula, Laitrencia helera-

ciada and Anlithaiamoii fuwozvioides. Less common ones are Zonaria sub-
articulitta ( f.amx.j Papenfuss, ParhydictvOn panic idahun J- Agv, Sargassum
hractcolosuuh ]. Ag,

? S. murkida! tun, Xiphophom vhondrophylta (R Rj>) Ifarv,

(in pure hut small patches), odd plants of Hurmosira banksii, Ccramium nobik

J AgV* C muiialnm, IVroHtjclia jdumosa, McUujonioHtiion charoides (Lamx.

)

W, v. B. Mclobesia sp. and Cafulhrix rnnfcrricola,

Monospora clontjata
{ Harv.) Dp Toni and G'riff'dhsia nioniHs Harv. are

common epiphytes, forming bright red tults, but they only occur during the

winter (April to November). Thuraia ierss Harv. and Mychodea faliora

(.Harv.) J. Agv are found mainly on the stems of C pankulata.

LvmuiKDiATL Communities
Intermediate and grading communities between the associations discussed

above are not frequent, hut us is expected on st:ch reefs variations in height and
exposure between different associations will result in a mixing of species. In
addition, other species may be .suited by the intermediate habitats yel no: occur
in either of the main associations.

On the main reef, rock to the east and south-east of the mixed Cysiophora
association bean, * community dominated by Hormosira banksji, Cysiophora
uvifrra and LaurcncUi hrlrroclada (which varies greatly in abundance during the

year). Sargassum innrindatum also occurs. The change between this com-
munity and the Cysiophora- coralline association takes place over 2 or 3 feet.

it is essentially an intermediate community between die mixed Cystophora and
Ilonttoxira associations, under conditions which are suitable for Laitrencia

hctcrociada. Near the eastern edge of the reef Hormosira becomes dominant.

Tiie mixed and variable assemblage of species found in shallow areas near
the fallen rock region and on rock in the sandy 'pool is described on page 153.

The Hormosira -anenome pool variant of the Hormosira association has been
dealt vwth on p. 156. Ectocarpus cotifcn'oides and Pylaiflla fulvesccns, which are
subdomiuant in this community, dominate seasonal associations in the rear littoral,

while Polydpiwniu abscissa h also characteristic of more isolated rock pools
(see p. 150).

CnANCE Distribution or Minor Species on tkk Main Reef
A munber of algae occur on the main reef, but do not form a stable com-

ponent of any particular association At different times during the year they may
occur on widely separated amis of the reel, usually in relatively small patches
within larger fairly uniform habitats. Chance establishment of the species unricr

fempnrarily suitable conditions, rapid development of individual plants and rela-

tively small spread from the original area, followed within a few months by shrnh

under cktuged conditions, seems to account for the observed distribution, The
following spreies have attracted attention.

Liagora harveyana grew near ihe fallen rock region and the eastern edge of

the reef in January 1946. In January 1948 il was prominent on rock in the sandy
pool, while in November 1947 it was found only on the outer western part of the

channel area. On other occasions' it has been found confined to the ledge.

HeUmnlhora titmens (?) is best developed in the late whiter, occurring on
inner parts of the reet. In September 1016 jt wa^ partly buried by sand in the rear

littoral, where it was exposed between waves- At orber times it hay been confined
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to the sandy pool (January 1948) and a small area on the western side ot Ihe

channel (November 1947). Plants exposed and buffeted by waves are consider-

ably stouter than those always covered.

Champia obsolcta, during September 1946, was so prominent in shallow inner

areas of the reef lhat it could well he considered to dominate a community. At

other times it has been confined to ihe ledge or eastern edge pi the reef, but often

is virtually absent from the reef surface.

Cladosiphon fihuu (llarv.) Kylin is often absent from the reel, but n few

scattered plants may occur near the fallen rock region, and in November 1947 it

was quite dense over a lew square yards of the mixed Cystoplwro association in

the channel.

Cladosiphon vcnnkuhiris (j, Ag.) Kylin has been found in outer pools on

the main reef (November 1947).. but is quite common iu a rove west of tlte

main reef.

Halapteris psendospicato Sauv. and Phjococanlon spectahile Reinke occur in

pools in 2 or 3 feet of water, and occasionally on rock in the sand)' pool.

Cladostcphus vertic'Uiatns is only rarely found in pools on the main reef, but

nti 1he sides ot rock in the lower littoral and upper sublittoral W other parts of

Pennington Bay it may be quite dense.

Chdophora valoniokks Sonder may occur as scattered plants almost any

where on the reef, but usually only in a restricted area at any one time.

Flora of Shaded, Reak Littoral Pools

A number of reefs in the eastern part of the Pennington Bay region have

small caves, up to 8 or 10 yards iu length, at the base of the cliffs. At high tide

waves usually enter them, and pools often occur at the entrance or just inside.

Such pools are shaded, relatively calm, and contain an assemblage of algae of sub-

littoral afhnities. The habitat is" similar to sublittoral conditions in light and degree

of roughness.

Algae most frequently found in these pools are Apjohnia laetevirevs llarv

(stuntech, Rhipiliopsis fcUata (J.
Ag.) A. & E. S, Gepp, Rckhmia radhto

(Turn/) J. Ag\ (in larger pools). Plocamhnn augustttm (J. Ag.) J4. & IT.,

Plwclocarpustobillardicri J. Ag., Corallina cuvicn, Lmmida data (Ag.) Ifarv.,

Holopleqma prcissil Sonder, Spyridia opposita Harv.,, Ballia scaparia hiarv. In

one small pool less than 2 feet long and 1 foot wide, under an overhanging rnck

in the fallen region of the main reef, the following small Cldoroph)ceae were

lound: Khipiltopsis pdtnta (abundant), Brynpsis bandifera J. Ag._. Dcrbcsla

davaeformis (J. Ag.) De Totii, Caidcrpa sp* and yaudicrnt sp. Thc-se arc all

rare species at Pennington Bay..

Other sublittoral species probably occur in such pools on other parts of the

south coast of Kangaroo Island.

Tick Sub-littoral Fwxgk Zone

cvstomoua 1xtkrmld1a association

The sub-littoral fringe on the Pennington Bay reefs correspond* to the outer affl!

side edges and a foot or" so below (pi. XIV. fig. 4, and pi. XV, fig. 3). The outer

edge of some reefs is probably a little above mean low water mark, and -on other

reefs slightly below, but the conditions at the. reef edge are uniform as even at low

tide waves arc constantly breaking on it, leaving it almost or just exposed for a

few seconds between waves. The outer edge is the roughest: habitat on the

reels; the sides are less rough, bul both are habitats of high aeration of the water,

short but frequent exposure between breakers, and heavy forces from wave action.
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The subhttoral fringe bears the dcnscsl algal association found anywhere on
the reefs. The rock is usually completely covered, and epiphytic growth is profuse.
Ift number of species the association is very rich. On au area" of 4 or 5 square
yards at the outside of the main reef over 50 species have been collected; most
arc small m size and often stunted, only the Fueales being f anv hulk. The
duet requisite of an alga in this association is a strongly developed holdfast. The
masses of fronds, however, afford considerable protection for each plant, as wave
Jorces can he exerted only from above anc not from underneath the plants,

The association is dominated by Cydopfwra inlcrmedia
J. 2kg. The dark

brown pmnately branched fronds of tfofs d£a reach, at Utigtk of 50 cm and yivr
a characteristic appearance to the reef edge (pi XIV, fig. 4, and pi. XV fiff fa
Q mtvrmcdui is remarkable for its inability to grow anywhere except in the
roughest, well aerated places. No satisfactory explanation of this is available at
present, Although \\s stems are nxr.y 3 or 4 mm. in diameter, thev are extremely
strong. A very heavy pull is needed to remove a well-developed 'plant, and only
nn extremely rare occasions lias this alert been found cast up on the beach.

(

The a^t of the sub littoral fringe belong mainly to two iypes The
majority have elongate, often much divided fronds which offer minimum resist
ancc to waves; fitters rorm m.-J-Ukc tf&ska on the rock winch are also protected
by larger bushier forms.

"Where waves pass afota the ieef edge (eastern side of main reef) C Uiicr-
media §vpm densely from the c-lge to 2 feet below. In situations where there is
heavy ware splash, caused by projecting parts oi the reel, it willM on the
surluce; Mis is particularly so 011 the outer highly dissected p;irt of the trrfri
reef and on the large rocks off the eastern gfefc HttWsw^ where water st~eams
oil the western side of the reef, and breakers are of reduced force, C, /ilunws,
replaces C, intermedia

'
m the subhnorrd fringe to a large extent.

Cystopiwm intermedia is often heavily epiphvtised by other al^ie which
frm only tram the conceptaclcs. Tbe st;:m is too smooth and mueoid'hj provide
a hold tor aiggl spores. Durm.tr siimnn/ Lhs small brown blobs of CorynoMdora
cystophorae

J, Ay. arc common on the upper fronds, w.rile a soeeie; of /k.'.vw;
and Cvoiumia wuelleri llarv, occur in winter.

Officf larger algae of the sublittoral fringe are Sanjassum tMjCklfcw
(with Acroehavltum sp. epiph v f;V on ihc leaves) (pi. XV, % 4) and occasional
plants ol kthloma radiate, Scytotliafiu <hrvcar>>u (Turn.) Orcv , CystaP&orct
spcrirou!^ (Turn.) J. A-M and C, p<nvcidai,a ; C\ n<bfatri>;afu and | \ ,/7,<n, (n„
do nut occur below tbe reef ed;',c except in calmer places.

Tbe following- arc the most important of the smaller species. Nearly ijt)
are stunted m s'ze owin- to the rough habitat, tunc!. jurfcar form-- boiite cfflsl up
from tlecpcr tf'fltfr,

Caulerpa hro^ni, C. sedokLs ( R. Br,) ARl , C, ^nplin^nda;. CodHtm
pomouics J. Ag. t Fachydictyon pivihuhttum, Lobcspira hiaispidnhi Awtclt
Diclyoptais acro.stkhwdf'S

( ?), Cyvuw.Wits vayicae-lus (I.jiuix.) J. A,<> ; Licmva
harvcyamt, Gelidhtm austrah

J, Ajy., M*>(»UoniolHhon tharoidn, (\nuliiiia cuoien
Myrhodm follow, Gumrtina sp.. Ir'uJaca protifcro (J. Ajr.) De Toni (rare)'
Lluunpta obsolete, Hymenocfadia polvmorplm ( Ilary. ) J ; Afc li. ams-bena
CKatV:) J. Ag. (juvenile state only), $fmZttt$Wu fvred'ayae ft'i&y Phv'h'nw-
piwra unlmcata, J. Ag,, Sarcinnmhi da^oidrs Harv., /^///a svnparta CatH-
Ihammon bnrmum lla.v.. Cr'iffithsui ooierrtka 11. & TT. lhihplnpna bMsSii
IP rtmgcha plumosa, Clwpdrin sp., Untrrnda hcterodadu, I. robusta,('-> L. elalu

F> M.5. name for ad apparently nndcttcribccl species.

K



(with epiphytic Janczci.vskhi tvsmanica Falk.), JcunnerctUa lohaia H. & is-

!)as\opm citivigtra, Ileterostplionia gunnmna, Thuretia teres, In addition the

following species are usually epiphytic on larger fucoMs: Cemmium uobile, Anti-

tliumnion haiwwioidcs, Crouanhi Muelieri, Monospora dongata and Cnjjdhsia

monilis (both only in winter months), MncUerena insignh (Harw), De ToiiL

Polysiphonia nigrita and P. da$yoklcs,

'The large rocks off the eastern edge of the main reef (see map, and pi. IX,

fig. 2, J&t. -0 provide a habitat particularly favourable to Laun'ttcio,

L. hcl'crocluda, L. data and h. robusta occurring in abundance. Antitliamnion

hano-wioides is often densely epiphytic on all three species. The bright green of

dndcrpa braionti and C. snnplidittcula provides a striking contract amongst the

deep red of the other species.

Tue Scbtjttor.yl .ZoXk

Zonation below the sunurroRAL fringe

Study of conation m the sublittoral is limited to 3 or + feet down the vertical

sides of some reefs; even this can be observed only on v?ry calm days with low

tides. The following is, very broadly, the zomtion down the eastern edge of the

main reel".

To 2 feet below edge - - Cyslophora intermedia

From H-2i feet below edge - WramjcUa chnngeru Ilarv., Celidium

(TustraJc .and Scytothalia darycarpa

From 2-3 feet below edge - - Perithelia inermis (R. Br.) J. &g„ and

usual lv below this Plocamium cosla-

tuw (J. Ag.) id. & H. and Phacdu-
carpus labUhirdieri

l.uurcnda ehifa may be prominent at

about tills level

Flora ok dhzv outer tools ox the rhc^s

Scattered over most of the Pennington Bay reefs, particularly on the outer

parts (often within the sublittoral fringe—pi. XV, fig. 3)t, arc rock pools up to

6 feet or more deep, with vertical or steeply sloping sides. The flora of these

pools is always submerged and musi therefore be considered subiiUorut. Li^ht

intensity is lower in the pools than on the reef surface, especially for smaller

species which are usually shaded by large fronds of Cysfophora growing around

the edge, Conditions within the pools are calmer than on the reef surface.

Around the edge Cysfophora sitiqitnsa is usually dominant. J fere, the fronds

remain well submerged." and wirh ample room for their development often reach

a length of 2 metres. Sargassum braclcolo.snui, and tu a lesser extent Scylothalin

dorycarpa and Eeklonia radiairl} are common near the edge.
"

Apart from the Fringing edge of Cystophora, the conspicuous feature of these

pools is the bright green masses of Caiderpa wdiich cover the sides in patches

up to a foot or' more across. Caiderpa brownii, C. ohcura Sond.
F
C. hypnoides

fR. Br,) Ag. var. muelieri (Sond.) W. v. Bossc, C. longifolia Ag., C. simpJicius-

ada, C. sedaides and sometimes C\ sealpdliformis (R. Br J Ag. are found, best

developed where shaded by other algae or the pool ec)ge.. The characteristic

vegetative growth by means of surculi results in fairly pure patches of one

species, but much of the rock is left bate.

Other species irregularly distributed in these pools are Rfripihopsis pelhtta,

Dirtyosphaeria sericca Harv., Apjohnia taetcrirens (often the basal part only).

Nahptcris pseudospicafa. Phlaeocanlau specfabile, Chuiosiphon 7 rrmicuteris,

Diclyopieris acrostichoides, Dilophus pp. and Cymuosurits variegalus.
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The rftSEPfett ftuuu'iTORAL floha

The following fist: of species includes those found cast Up hut known not

to grow (Hi the reef .surface. (Hiicr species in the list do grow in the littoral or

suhlittnral fringe, zones, but are usually much larger when growing in the deeper

sublittoral. All sublittoral species found in the Pennington Bay region are not

hsfcgti here, bur a complete census and nott\-$ on the species known from Kan-
garoo Island will he published as a later paper. The cast up species found at

any one time depends greatly on the weather over the previous few days, and
no reliable data as to the absence of a suhliuoral species at any tune can be
obtained,

CuLOKOPiivcEAE : Codhou mrlvahtm J. Ag. (common j , C. tnan/illosuw
TJarv., l\ spongiosum ITarv-, C. pomoides, Ouilerpa hart'Cxi \V. v. B.,. Can.
obscurOj Cau. hypaojdes, Can. rthchtc \V. v. 1-L, Apjohnia laetcvirens, Clado-
phora valonioidos.

I'ltAiicx-Mtvc'EAR: Giraudya sp. (on Posidonia auslrnlis) ; Phlocoetiulon

spectahile, Ilalopti'As pscmiospicata Snuv.; Dictyofa latifolia j. Ag., D. radkans
Harv., D'tetyapterti mucllvri (Sond. ) Schnvkz, Dilophus jastigiutMs (Sond.)

J. Ag«i ZoHtiria sv.burliciduta ( xyn. Z. tanteriava J. Ag.), Z crcnoia J. Ag. f

Chlanidopltora nticrophylla (llaiv. ) J. Ag., Ilowucostrichus stnposus ( U. BrJ
J. Ag., II. spiralis J. Ag., Lobospira bu:uspidida, Spowrhans seoparjns Harv

.

S. comosus Ag. t Lncyot Italia rliftotu Harv., Bclloiia criophorum liarv..

Palyrrti'a .".nstcricola (Hnrv.) Kylin (r), Ncrcia anstralis Harv., Myriodtsma
calaphyllum J. Ag:, M. intcgrifolia Harv,, SU'romccns axillaris Grev., Carpo-
(jtossuw confiucfis (ik, Dr.) Kutz.. Scabena agardhu. Grev. (very common),
Cysiophoraraccmo.ui liarv., C. pectiuuta (Grew and Ag. ) J.

Ag., C. platylabimn

(Mert.) J.. Ag., C\ rclor/a (MerL) j. Ag., C". grcrillcj fAg.) J. Ag., C.dnmosa
J_ Ag., C monitifcm j . Ag, ^afrjto&pm bracteolosum, S. cristahtm J. Ag.,

SI ttichophylhun J. Ag.. $. decipictis (R. TSr.
) J. Ag. f $L sonderi J. Ag. r S. various

Solid,

"RiinnopHYcriAT:. Common: slsparagopsis anmiia Harv., IJelisra hypneoides

Harv., Callophyllis lambcrtii H. & H., Arvschougia laurcncia Harv., lirlhroclnnium

mudlcri Send., Ilypnea episcopalis H, ai:.d H,, Placaniinm costal'nm, P. nidilicum

(Harv.) J, Ag., P. mertensn (Grev.) Harv., P. prcissiaituin Sond., Phucclo-

carptts icbillnrdicri, MychodfO ramprcsm Harv.. /W. carnosa H. and H.. Gioiosat-

ct-On- brozvvii Harv., Hymcnodad'm p'tlymorpha, AnlitliamnioH mucrouatitm

(]' Afe-3 ^ c Toni, Pallia scoparia, B. callilricha J. Ag., Ccramhtm pubentlurn

Sond., Das\pliila prcis$H Sond., Lupidota. uriiutlata {!. A&,) Sehnntz* Lasio-

l Italia formosa- (Harv.) De Tuni, llcuospurt* clonyahi, M urUi-rcna insignia,

Spongodonium sp,, Spyridia opposiUi, Saveoivenia dasyohics, Polysiphonia malUtr-

d'uu 1 7 ! ;n*v., RfbUmUi) t rf t>'. oasi > tdis- ( Ag. ) S:hm:tz., Doxodtj.Kxa bulbockactc

(Harv.) I'alk., Amanda phniulifida liarv., Ancnr-ut latifolta (ilarv.) J. Agv
<)5)nuvdar!a pro 1

if k ra J.-antx.. Dasyu nuccariaides Haw., Thurctia qaercifolia

Dene.

0(:f\var;NAi. ; (,'ulsoitia antttrhtta Harv. (rare), DAisca ;>ulchra Mont.,
tirucltycladia- marci'mita ( Sol. ) Sdmihz, CodopJt\ ///.v ciccinca Harv., CAinar'ni

ulvoidca Sond.
f
Thaimiocloniaai clavifcruin j, Ag., Pcyssonnclia (Xit$t*iiHt Sond.,

Mctagartiolilhon- slcWueruui (I.anix.) W. v, B () Corallina pillfcra Lamx.,
Aresclinufjin (jracil-nioidcs ( ?), Thysaaoclodia hura Sond,, Erythracloniunt

aitrftistohnn Sond., GlowphyUis barkcruw (TJarv.) J. \g.. Rhodephxll is fantifoHa

( Hnrv.) .1. Ag., Plocaiuiiiin a!!#uslinn, I\ Icp^opliyllitta Iviiiz., Phacelocarpus
scsxilis Harv., Slfnachtdia harvcyana J. Ag.. Acroleins aitslralis J. Ag.* Giyartiwt

disticha SoikI., fridwui ansirala-sica j. Ag.. C hampia offmis (H. and H.) J r Ag.,
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Q iasmanlca Harv., Chnodmnu tasmanka Zan., Rhodymenia ausiralis (Sond. t

Harv., IJyntawcladla usnea J. Ag„ Antithamnion dispar (Harv.) J. At;..

(rriffithsia anlurctica, Crrctmhim isogonuui- Harv., Croitania vc-slita 1 lary., Ptfto-

r/flffni pnldira Sond., Spongoclonhtm bromiianum (Harv.) J. Ajfy PFrangcl-M

crassa H. and H., fK. niyriophylloidrs Harv., W7 . princcps Harv., Sarcomaua

dclesserioidcs Sond., hyjwglossum wicrodonhim J. Ag. (?), Claudia ekgans

Lamx., Palysip honia davyac Rcmh,, Chdnrus clahts (Sond.) Falk., Codoclonimn

opuniioides (Harv.) J. Ag., Laurencia fdrformis Mom., Jcannerctiia l<fbaf,i,

Protokiitzmgia aitstratasica (Mont.) Falk., ^mmskt ktdchigioidx's .Harv., Lenot-

imindm marghmla 11. and II., L. uvtcUeri Sond., /„. sniiihhte (H> and IL) Falk ,

Trigenia umbcUata j. Air., Hidodiclyan robustam Harv., DtfJVa stf/ftwa Hat v.,

I). )mjpu£ Harv.. Hcterosiphonia mucflcri (Sond.) De TonL

SKASONAL VARIATION IN THE ALGAL FLOKA
(a) Seasonal occurrence

The great majority of the alijae growing on the Pennington Hay rock plat-

forms are* present throughout the yeai. The larger hrown algae, nearly all

members or the Fucales, are the most stable species, and probably live tor several

years.

The Ectocarpus confervoides and Pyhiiella fidvescens seasonal associations

arc the only ones limited in their occurrence lo definite periods of the year.

Certain characteristic species within other associations, particularly the

Cystophora- coralline and snbliiloral fringe associations, are also seasonal. in

both these asodations Monopora claiujuLi and Liriffithsia monilis arc found only

during winter months, although the former is occasional!) cast up from the snh-

littorai in summer. Ncmastowo fcrcdayc? h strkriy a summer species. A
number of epiphytes are also of seasonal occurrence. Coryituphloca cystophontc

is epiphytic on the receptacles of Cysiophora intermedin and C", siUqnusa during

the summer, whi T
e a species of Dasya and Crouawa mnelieri epiphytisc the same

species (ji C\slophora mainly during winter months.

Species dealt with m:der "Chance disrributkm of minor species" are very

irregular iu their occurrence and apparently not restricted to any one period.

Information on seasonal occurrence of sublittoral species, derived from tifci

up pl^tifss 13 iioL reliable, but definite codecr*-'^ records will be i^iven in ihc census

in a later paper,

(b) Seasonal dexrlopwctU of stable species

Many species on the reefs attain their maximum development hi the late

winter. This is probably associated with lower sea tempcralures. The seasonal

development of vesicles in Cyslopiiorn nrifera and of the fertile fronds of

Sargassam vturindaticm has been described On pa&cs 1.54 and 155. Other species of

Sargassum cast up from the sublittoral are best developed in late winter when the

fertile fronds are borne. In this state the plants are most easily torn oil and

cast up.

The Cystophora - coralline association is better developed in winter when
the corallines are actively growing. Rivnlariu fintta and Enleromorpha actvnlho-

pliora attain their maximum size in late winter.

(c) Seasonal variation in reproduction

Many species have been found bearing reproductive organs on every visit to

Pennington Ray (at approximately 2-monthly intervals during 1947) t and it ft

probable that most species arc not strictly limited to any one period of the year.



m
Whether any monthly cycle in reproduction correlated with the tidal cycle occur?;

ft not known, hut is unlikely., as monthly tidal variafon oil the .south coast of

Kangaroo island is small and it? effect minimised by CtHas&ift breakers.

During late winter (September) nearly every specie? mi the reef bears repro-

ductive organs, usually abundantly,, and tin's time; seems to be the most favour-

able period for reproduction, In September J9&6 it was difficult to find a sped
men of most, of the small Khodophycea:,-—such as Cliampia obsolcfa, Muellcrenu
sp., Monospnra cUmgata and Liagora Jtarvcyana—nut bearing reproductive cells,

but at other time* {e.g., mid-summer) most specimens are sterile. Often 80% or

90% of the plants of diplobiontic Tvhodophyeeae are Mrasporie, while very feu
plants are speimataiujiul.

liberation of zoospores and ganie:es in linicromarphi: ;ivm\ t_:ivn is probably
dependant on sumcieniiy iou^ exposure dtirin,^ very luw tides. Mo^t of the
iucoids. are fcihle ihioughoul th.e year, kit the species tff Sartjassiun produce
fertile i'rondy in v.inler and tosa them in ear'v summer.

'VARIATION UNDER WAVF, Av.TH >X

Stunting of algae under severe wave nri-nn # a gr/yetfll ''<- k:- 1-ire *rf species

which grow both in the sublittoral proper and the *mbiitumil fringe oi

Cystophora- coralline associations. The roughest siluaiioi^ always show the
densest algal growth, nut reduction in ihe decree of brnnebin'-- in some (e\;/..

Hymeitoctcitlitj j-olyvu-rpha
t IJasyapsis c}a%>Ui$fd) 4 and ricreai-'e. in branching fro a-.

Ihe base giving r.omp:vi tufted 'onv.s in others (t\,y , (Jndophora t^Jnmoidcs)
arc thfi most pilftftil adaptions in withstand die imSehuiijt-H! force of trie breakers.

Cyslaphorit intermedia, which grows best in rhc roughest localities and not on
calmer coasts. H one notable exception to .stunting undt-r rough conditions.

In many cases it is evident that size and gross e>: krr.nl form are of bU?e
use as specific characters. Normally pinnate or well-branched forms may become
simp'e or nearly so on lite edges of reefs, and all variations of form between the

extremes occur in intermediate habitats. Other spec;es mav retain distinctive

branching- iu all habitats, but until the range hi form of a specie^ under varyiug
environmental conditions is known, differences in size and degree ot branching can
be used in separating entities only with great caution, internal tissues and cell

;4 nurture, on the other hand, are usually reliable. A]] bunted species on the reef

ed^es become fertile and must therefore be considered as mature plants.

The variation in Dasyopsis ctcivirjvra lias been described previously (Womers-
!ey I'-Mfi). The following examples also illustrate the type of variation found.

Ifyivtvjorladhi po/yworpha on the reef cd&e consists of a few (2 to 5) on-

branched elongate fronds from a eonimc.n base, up to 12 cm. high, but sublittoral

Tonus are pmnatrlv and often bipumn(el> branched and reach a height of 70 cm.
Chtttt'l'httra t'ulonioidrs—Snblirtnrnl forms are loosely branched, often with

<me or a few main filaments, and to 20 cm. or more tall. Tti calmer parts of the

jou:. it is i to 10 cm. tall, but on the edge of the reef the thaJhxs is a hemi-
^pheiical mas.-, ot fJamcnts only 2 or 3 cm. high,

Lcnrvuda hrtrmclada—The variation in form of this ETjgft was commented
on by Harvey (I860, pi. cxlviii), and similar variation occurs in the Pennington
Kay forms. Small, poorly branched specimens are always found in rough places

<^r in shallow water.

CauJfrpa spp.—The species of Caidcrpa found growing in outer deep rock
pools on the reef (p. 160} are stunted when compared with cast-up specimens, but
the debtee of branching and external form is fairly ennslaul, When growing
on the reef surface stunting is even more pronounced, while shade from other

Stlgau or pool edges allows development of larger fronds.
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PARASITISM AND KPIPHYT1SM
When describing the various associations, the common epiphytes on other

algae have been listed. In nearly every case it appears that the epiphytic alga

uses the "host" only as a suitable form ol* attachment, there being no intimate

physiological relation between the two. This is indicated by the wide range of

"hosts" of many epiphytes, and also by the ability of most to grow on bare rock

as well. As yet no critical examination of the method of union of epiphyte !o

host has been made.

One exception is that of NotJtcia anomala on Ilormosira hanksii (see

Williams 1923), in which there appears to be some definite relationship as

Ilormosira is the only alga at Pennington Bay on which Nothcia will grow.

Although this case is usually referred to as "parasitism,
1 T

it is only partial, for

it is very doubtful how much, if any, nutrient Nofhein derives from its host.

Several other species appear to favour certain hosts because of- the rough

nature of the stems or presence of conceptacles which provide suitable germina-

tion places. Cvstophom paniculata has unusually rough stems and usually shows

profuse epiphytic .growth. On a single plani ol ihis species the following species

will often be" found: Polysiphonia nigrita, Mychodhi foliosa, Thurctia teres,

Antithammon hantwioides, Melohesia sp, and fragments ot Corutlina. Most other

species of Cyslopiwra have smoother stems, and epiphytes grow mainly from

the eonceptacies. Species of Hnsya and Croiianht mncllrn are frequently found on

C. intermedia and C. siliquosa. Jum'a fastigiata grows on the stems ot" C\ sab-

farchmta very heavily in the Cysiophora- coralline association, while Polysiphonh

itigrita is very prevalent on ScytothaHa, dorycarpa in outer rough pools-

Epiphytes on algae growing m calmer parts of the reef are much sparser.

Sfhacehirut biradiata and Spli. fitrcifjcrci are commonly found on Cysfoplwro

uvifcra and Cystophylhnn muricatuvi, but any others are usually microscopic.

Detailed information on recorded hosts for all species will be given in the

census <

VERTICAL DISTRIBUTION IX RELATION TO LIGHT
Tile horizontal surface of the Pennington Bay reefs provides a large

area for algal growth subject to fairly uniform light conditions Only below

the reei edge, or in deeper pools, where al^ac are constantly submerged and the

water in a turbulent state does light iuicmity fall off greatly. These reefs are

Therefore suitable For estimating the numbers and percentages of the algae which

are restrieted to the reef surface (i.e., with high light intensity) and those

restricted to the sublittoral (lower light intensity)- This data for the Pennington

Buy region is presented in Table II.

Tai;le II

Distribution of the Algal Clashes in ihe Littoral and SuhlUtora!

Restricted to reef surface Oittor^l)

Restricted to suuHttoial

Common to littoral and rri.rnlirtoral

Total for each class -

Each c?ass as % total -

% of each cIuks in Hittiral

Number? of species in the various divisions of the table are nut necessarily

exact, as some 30 mummed species have not been included, and a few others have

been omitted as insufficient specimens and information about them are available.

The ^\gt of the reefs has been used as a dividing line between littoral and sub-

JTvxn Lhluro TU:uo. in-rnto-

£tfcyct<!(£ pin-rave jibyroic \A\Vtt Hi* To!>:

ft ;> 21 3[) hZ

U

1

14

7 n
70

2o

142

42

j 2<> 143 24(.

i
t n 28 SH 100

100 4o 46 37 A?.
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litloral. but algae growing on the reef surface or edge in the sublirtoral fringe

arc included in the littoral as the light relations are closest io true littotal condi-

tions. It is inevitable that there h a personal factor in drawing tip such a table,

hut with the large numbers available this is probably small.

]t is not suggested that light intensity is the only controlling factor in

whether an aiga grows on the reef or in deeper water. On the reel (^d^e, degree

of roughness is of considerable importance, but light intensity is the major factor

for most species, and the edge of the reef is a natural imc o! division in this

tespect.

The tola! number of species collected from ^boiiL one mile of fairly uniform
coastline is over 270 (including unnamed species). On the main reef, an area

of about 75 yards by 70 yards, some 60 or more species have been found. The
Pennington Bay area is clearly a tich one, and numerous other species are pro-

bably still to be found,

The. Rhodophyceae comprise ovt-r half the total number of species, and
twice as many as the Phaeophyceae. Numbers for the Myxophyceae would be
increased, if microscopic species were thoroughly collected, On the reef surface

there are more Rhodophyceac than any of the other groups, and more Phaen-
phytxac than ('hlornnhyceae. Most of the Rhodophyceac, however, occur on the

outer rougher parls of the reefs.

When the percentage of each class in the littoral zone is esL ,iated, the

Chloroplryceae and Phaeophyceac give the highest figure, 46 f
/t> for noth. The

proportion ot Rhodophyceae in the littoral is lower, 37'ftu owing to the much largei

numbers of red algae which are restricted to the subhttoral. All the species of

Myxophyceae known from the region occur in the littoral.

The numbers of each class common to both liUoral and subhttoral is rela-

tively small, and most of these occur nenr (he <:<\gv. of the reef in rough condi-

tions, where the light intensity &\ high tide is slight!y lower than on the reef

.surface proper.

The Chlorophyceae and Phacophyccae show no difference in the proportions
of each class in higher or lower light intensities, but owing to the larger numbers
of the browns, more species than the greens are found on the reefs and also in

the snblittoral The proportion of Rhodophyceae in the littoral is small, s-howine

that red algfcfi do tend to grow in deeper water, but owing to their much greater
numbers, more occur in the lhtoral lhart the other clashes.

The Iqtlg standing concept of a broad' vertical distribution of green, brown
and red algae, in that order, holds only for the Rhodophyceae at Pennington Ray.
Red algae cast up from deep water are always a brighter red in colour than reef
form;;, which are often yellowish-brown. Myxophyceae, however, show a strong
tendency to grow in bright light intensities though the thick gelatinous sheaths
of most species mu.*a greatly reduce the amounl of li^ht reaching the uctuul cell,

SUMMARY
The algal associations of trip wave-cut rock platforms of the Pennington Hay

region are described. These are c'as^ed into supralittoral {Prostata community
only), littoral, and snblittoral fringe associations, while the deeper subhttoral
flora is also listed.

MdSft of the flat surface of the reefs is covered by the Cysiophofa complex
(including several associations) and the Hormasiw banksii association, while the
Tich and dense CysiopJwra inlcruwdia association is characteristic of the sub-
Jittoral fringe on the edge of the reefs. Other important associations arc those
of Rh'utaria finim, FctocarpHS - - Pyhwi.ta ( seasonal ) . 1'nhronmrphu, Cyxio-
phyllum ami Cvsiapliora -coralline.
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Although the reef surface is remarkably horizontal, differences in height of

only a few inches cause clear-cut changes in the algal associations. The densest

associations are those in the roughest places, where stunting of most species is

pronounced. Associations in calmer regions are sparse in number of species, with

considerable bare rock between plants, but often consist of larger individual

plants.

The algal flora of the region is very rich, over 270 species having been found

along K miles oE coast. Seasonal variation In the algal flora is discussed, and

examples given of the great variation in external form of many species caused

by different degrees of wave action. Data on the vertical distribution of the algal

classes in relation to light intensity is also given.

Correction to Part I (Wouiersley 1947)

For Acrolylus nustralis read Xiphopkara chondrophylla (R. Br.) Harv,

|pp. 241, 242, 247, and legend to rig. 3 (p, 2J9)], The provisional determina-

riou of tin's alga was based on sterile material, and fertile specimens collected in

January J948 show that it is the brown alga Xipkoplwra chondrophylla. In

external form and T.S. of the thalhis the resemblance to Acrotyhus is remarkable.

Our specimens are probably a small form of the var. minus J. Ag. The species

has not been previously recorded from South .Australia.
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EXPLANATION OF PLATES X TO XV

Platk X
Fig. I View of Pennington Bay from the east, with a low, calm ge*H The main reef is

in the left centre, and other reefs can be seen at the base ot small rocky outcrops

further around the hay.
Ptuito T, Lt-viink'

Pi.ATE XI
l
5ig. 1 The main reef, Pennington Bay. from the cliffs above. Tlie dark areas on the outer

parts are covered with Hormosira, white the sandy pool is on the lower right. Photo
taken at a very low tide.

Photo H. li. S. \\\

Fig. 2 *l he western terraced reef, Pennington Bay. during a very low tide. The second
level bears pie tl&rnxa j

n

ra-anemone rock- pools, with dense masses of the black
bivalve Modiolus on and just below this level.

photo H, P.. S. W,
Platk XII

Pig. 1 The eastern part of the fallen rock region. The mixed CystffpftvPti associated covers
!he foreground.

Phntn H, H. S. W,
Fig. 2 The fa'len rock region on the main reef, during a calm high tide. Symploea hytifiyttfeA

occurs on the wave washed rock, with Rk'uktria finna just above anil below water
level in the photo.

l
Jh,t«.H U.S. V..

Fig. 3 "Rock, normally covered by the sandy beach, exposed in September, 1946. On the
wave washed rock Eetoearpus and Enternmarpha associations were well developed.

I'hoti. S. J. E.

Ffe, 4 Eetoearpus coufertvides densely covering r0ck shown in Figure 3,

PHotn H. Tl. S. W.
Plate XII

I

Fig-. 1 Hormosira buttksU association on ridged rock, llarmoswa only occurs on the ridges,
where it is exposed at low tide, with bare or sand covered rock between each ridge.

PhUtO I. !..

Fig. 2 Junction between the Hormosira and mixed Cystophora association on the channel
edge. The sudden change due to a drop of 3 or 4 inches in tht height of the. reef
is clearly shown.

Photo T. K.
Fig. 3 Hormosira banksii association, showing slight intermixture with CvstopPora.
I*iu\ 4 The //<inm;.fiVrr-anemoiie pool on ihe western terraced reel. The anemones appear

as dark area:- in hollows on the rock at the far slide of the pool.
1'Imio H. B. S. W.

Pi. atk XIV
big. I the ledge on the main reef, looking skorewards. The beach was heavilv sanded up

at this time (January 1948). The mixed Cystophora association of the channel iis

shown on the left of the ledge.

Fig. 2 The ledge on the main reef, from the fallen rrck region. '| he alga in the left
foreground is Cystop/tylluw, with some Cystophont uvifera.

Photo T. I.,

big. 3 The mixed Cystophora association, showing almost pure (. o.ifent, (, suhfareioato
occurs on the lower left.

Photo T. I..

Fig. 4 The eastern edge of the main reef, showing the sudden drop oft' int.. ik-cp water.
( yslophoru intermedia forms a dense fringe hanging down the side.

„.. -1
-' 11 "'" '• ri

<-

Pl.ATK XV
Fig. I The Cysioplwra-cwjAWwc assiDciati'in on the main reef. The black tufts are Cvstophora

panintlahi, the lighter coloured fronds C. snbfarcwata. Coritftmat and Ionia apnea

r

as light coloured patches.

Photo T. 1..

Fig. 2 ("lose up view of the Cy.v/n/>/i(>r</-eoraltinc association. The white pinnate fronds of
( oroUina and dense tufts of Jania contrast with the dark fronds of Cxstophora
xubfareinata, with some Hormosira also present.

Photo IT. U. S. W.
Fig. 3 The outer, highly dissected part of the main reef, where the sublittoral fringe

association is developed. Photo taken at a very low tide.

i
-

i «r-i r> if • c »• • . Photo J. T.
i-ig. i

|
lie Lysiophora intermedin association of the subhttoral fringe- This afga ts

Irnmineiu i;n the left of the photo, with Saruassum hrm leofa&ttm [\\ the centre .-'iid

a I'iant oi (\dium pemoitfes above the latter.

Photo H. B. S. W.

•
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THE COMMONER SPECIES OF ANIMALS AND THEIR DISTRIBUTION
ON AN INTERTIDAL PLATFORM AT PENNINGTON BAY, KANGAROO

ISLAND, SOUTH AUSTRALIA

By S. J. Edmonds

Summary

This paper deals with the commoner species of animals and their distribution on a rock platform at

Pennington Bay on the south coast of Kangaroo Island, South Australia. An examination of the

fauna of this reef has been made by the writer during a number of University vacations from 1944-

47. At the same time Mr. H. B. S. Womersley of the Botany Department, University of Adelaide,

has been working on the algal ecology of the island and this reef (Womersley 1947, 1948).
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1. INTRODUCTION AND ACKNOWLEDGMENTS
This paper deals with the commoner species of animals and their distribu-

tion on a rock platform at Pennington Pay on the south coast of Kangaroo Island,

South Australia. An examination of the fauna of this reef has been made by

the writer during a number of University vacations from 1944-47. At the same

lime Mr. IT. P. 5. Womcrslcy of the Botany Department, University of Adelaide,

has been working on the algal ecology of flue island and this reef (Womcrslcy

1947. 1948).

The author wishes to aeknov/led^e the help which be lias received from many
people, [lis thanks are due to Prof. T. H. Johnston and Mrs. P. M. Thomas of

I he Adelaide University, and Miss E. C. Pope of the Australian Museum, Sydney.

for advice and encouragement, and to Mr. H. B. S. Womcrslcy for discussions

and suggestions; and to the following who identified many of the specimens

collected": Mr. IP M. Hale (Museum, Adelaide)—Crustacea; Mr. B- C Cotton

( Museum, Adelaide ).—Molluscs ; Dr. E. A. Priggs ( University. Sydney )

—

1 iydroids; and Mr. K, Sheartl (C.S.I.R.)—Amphipods. "lie also wishes to thank

those senior students and research assistants of the Zcology Department of the

Adelaide University, in particular Mr. R. Spccht and Miss H, G. C.ark, who
have helped with the collecting and counting,

2. A GENERAL DESCRIPTION OF TJiE ROCK PLATFORM
AND ITS ENVIRONMENT

Although a complete description of the reef has been given by Womersley

( 1948) it seems necessary that a brief description, at least, should also be made,

here in order to idvc this paper some unity, The platform, wbich is almost

horizontal, lies between the levels of high and low water neap tides and is com-
posed of calcareous sand rock of recent origin, U is washed by the, wafers of

the Southern Ocean and at high tide wave action over most areas of the reef is

strong. The substratum is generally rocky. Near tbe shore, towards the west.

sand is usually deposited on the rock. A fewr large boulders, which can be moved
only with great difficulty, rest on the platform at the eastern end of the reef.

Zoology Department. University of Adelaide.

Trans. Rt>y. fan« fc Aust . 72, (1). 23rd Aftfittft. :9+B
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'J"hey have formed where the cliffs, have collapsed. No loose stones are to be

found, and therefore those communities which usually inhabit the uudcrsurlaccs

of loose rocks are not present. Most of the animals which live on the reef dirty,

firmly either to the rock or the dense growth of algae which is present.

Womersiey (1948) has drawn attention to the richness mid dominance of the algae

on this reef. There are two small rock pools tilled by wave splash high up ill the

supra-littoral region. Further description of the reef is given, where necessary,

in other part* of this paper.

About a mile west of the main reef at Pennington thetc is a much smaller

rocky formation where the calcareous sand rock has been cut into three or four

wave-cut terraces. A study of the distribution of the animals on this reef has

thrown light on the zonatioii of the animals, on the main reef. When this reef

is mentioned it is referred to as the "western terraced reef".

An account of the environmental conditions of the coasts of Kangaroo Island

and at Pennington Bay is given by Wome.rsley (1947) and (1948), The hydro-

logical determinations were made jointly by us. At Pennington Bay the tidal

range is about 2j? feet at spring tides and \\ feet at neap tides. The temperature

of sea measured oil the edge of the platform at irregular intervals during the

year ranges from 19-(P C in summer to 13*5° C m winter. The temperature

of the water on the reef is usually within 1° C. of the sea temperature. The
salinity of the water determined during summer months varies between 35'2' J

/ U(I

and 35'4 i}

/,m>>
and its pH. by colorimctrie methods is about 8'2-8\L

3t. EXPLANATION OF TERMS
The terms "littonit'\> "supra-litiortir' and "sub-lilloral fringe" are used in

this paper to describe the different horizontal regions on the rock platform.

The meaning given to these lerni& by worker* in marine ecology often differ-,

slightly. The author in this paper has adopted the usage of Oliver (1923) and

Cranwell and Moore (1938), and given a broad meaning to the term "littoral*.

The littoral or intertidal is considered to be that, region lying, between the highest

wash of the waves and the level of the low spring tides. The Mipra-littoral is

the spray region, and its lowest levels may be washed or splashed during

exceptionally rough weather. The sub-littoral fringe is a very narrow region

which is usually covered by the sea hut which is sometimes exposed at ttie Iowe>t

titles in very calm weather or at low tide when the wind is oil" short-.

Elizabeth Pope (1943), in her study of the plant and animal communities

at Long Reef, New South Wales, fixed the upper limit of the littoral region as

that of the average high water spring tides. On account of the niUch smaller

tidal range and the roughness of the sea at Pennington Pay the heights of the

tides cannot be determined as precisely as at Long Reef.

Karly in the study of the fauna of this and neighbouring reefs, it was seen

that in many cases the distribution of animal life is closely connected with the

distribution of plant life. This is particularly noticeable in the casp of the weed-

feeding molluscs. Consequently reference is made in this paper from time to

time to the algae found on the reef.

4. REGIONS OF TTTE PLATFO'IO/I
A- SlJPRA-l.TTTORAL

The sitpra-littorul is rocky and the dominant inhabitant is the periwinkle

MelttMphe ttnifasaata. Algae are not well established, but patches of a lichen

of tlit* genus Lichina arc occasionally observed. . M, unifascialv rhinhs ljighcsfl

of all the molluscs on the reef and is found in great numbers on the tops am!
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sides of rocks. A fact perhaps worth recording is that the noddiwink, Noddi-

littorina iiiberculala, found on the highest levels at Long Reef, New South Wales,

does not occur here.
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In the more sheltered parts of the supra-littoral the quick moving isopod,

Urjia anstralicnsis, is common and hurries out of sight as one walk's over the

rocks. Occasionally the large yellow crab, Leptoyropsus varicgatus, is found in

the lower levels sheltering in crevices or under ledges of rock.

At {he eastern end of the reel there are two small shallow and isolated rock

pools idled with water from splash and spray. In summer months the tempera-

lure of the water in these pools has beep as high as 35° C, and the salinity

40*2 (1

/, Mr The following species have been collected from thein: Mchraphc tuti-

{asaafa, which forms thick clusters at the edge of the water, and occasionally

Bemhicium mrfanostoma, S'tphonuria baconi, Siphoiiurja dier.tcncnw' and OuU'u-

hirla cacspistasa.

H. Littoral

The greatest area of the reef lies in this region. The upper limit ot" the

littoral varies from 1 to 5 feet above the level of high water spring tides, -and

the lower limit is that of the low waiter spring tides. The littoral consist-

of (a) the more or less vertical cliff face at the rear of the reel, some

immovable boulders at the eastern end and an area of sand towards the western

end of the platform, and (b) the platform itself which lies between the leveN

of high and low water neap iirles. An idea of the sfee and shape of the platform

can he obtained from fjgl 1. Although the platform appears It) be horizontal,

the drainage of the water from its surface shows that it dips slightly towards

the west. A vdml noticeable structure on the platform is a narrow ledge of rock

2 to 5 inches high which arises at the south-east corner, runs to the centre of the

reef and then curves to the north-east corner. The highest levels of the platform

are the areas between this ledge and the shore (level A in fig. 1) and the outer-

most parts of the platform, marked by a very dense, growth of Hormosira. A
narrow channel, 6 to 12 inches lower than level A. arises between the ledge and

ihe Hormosira at the. south-east corner of the platform. This channel runs south-

west, gradually widens out and eventually becomes the main level of the platform

near a sandy pool at the north-west corner (level B in fig. 1). This sandy pool

always coutaius water. The surface of the platform is rocky and uneven and

contains depressions and holes from V to 2' 6" deep. A thin layer of loose sand

up to 1" thick may he deposited on the rocky surface of both levels A and B
near the shore. Although the platform is above the level of the low tides its

surface Ls rarely dry. There are two reasons for this. Firstly, the platform is so

eroded and uneven that a considerable quantity of water is always retained on

iLs surface when the tide recedes. Secondly, wave action even at low tide is

strong and waves which break against the seaward face of the platform wash

over its surface. There always appears io he a wash of waler down the channel

to the north-west corner. At low tide the dense growth of algae tends to lie flat

on the reef, thus reducing the exposure of its surface. The eastern and western

faces of the reef are either vertical or undercut by wave action. The seaward

face of the reef is very uneven, broken and dissected.

a. A?ar.fAr.s ON the Cliff Face at the rem* Littoral

The fauna of this suhdivision of the littoral consists chiefly of barnacles,

molluscs and serpulid worms.
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(
i ) The highest level of tlic Intoral is marked by a wcll-devc.lopcd zone of

barnacles of which Chtkainnlus antenuukts is the most numerous. C tUltCundtus

occurs on the tops and sides of rocks below high water spring tide level and on

rocks above the high water line which £.re splashed or washed. Algae rarely

occur at this level. Small groups of the honeycomb barnacle, CJiamacsiplw

cohavna are. found here and rhere amongst the Chthamulv.s at the lower level?.

Well developed communities of Chamacsipho colvnma have been noticed on slop-

ing rock surfaces at other localities along this coast. Adult and juvenile speci-

mens of Mvlaraphtf unifasrwta occur amongst the barnacles of this zone. Tubes

of the polychaetc. Galeohwtn cctcspitosa, are scattered where the rocks are well

splashed or washed. C. antennatus and C. cocspitosa often duster together in

the small gutters or channels down which water drains ba.ck to tlic sea.

(ii) The barnacle, TctradUa purpitrascrits forms a covering on the tops and

sides of rocks and on the undersurfaces of overhanging dirt's which are subject

to wash and wave action and which are protected from the sun. The alga,

Symploca hydvoides, occurs in the same situation.

(iii) In the rougher and more exposed parts of the littoral at the eastern

and western extremities of the reef where the cliff face is protected from the sea

only by a narrow platform or by rnlle.u rocks (he surf barnacle, Catophraqmus

pol\vu L
f'us\ can be collected. A few isolated specimens of Btdamts nigrescms also

occur here. These two barnacles are nut -common on this platform, hul at many
otlrar localities along; the coast they form well-developed communities. Balmus
nuji'csccns at l]\$$$ places is found in the roughest parts of littoral where t'ae sea

surges up over rocks. There is a particularly good development of Catophragnuti

polyiltcrus below the Cldhmmdus on the cliff fa^e oS the western tenaced reef

at I'enniu^ion Bay.

Molluscs

The lower level of the barnacle y.one gradually merges wilh ;; zone of molluscs

consisting ot (a) a band of gastropods of the Noloanucti -S'ip!itmnt,u type and

(h) a narrow and si arply denned band of the blue-black bivalve. Modiolus puk'.v,

Specimen^ of Afehuapke u n'fascia ta, Chtlwnudns attteanniits and Galcofarvi

aiospifosa airfe =catirrtV throughout this mollusc zone. AL utrijasciaUi, however*

rarely extends as low as the Modiolus, bin it. is common to hud specimen* of

C. antrmuiius- growing on the bivalve.

(i) The Noioih'wca-Siphonaria band of molluscs contains the following

species ; Notoacttiea scubrilirata. Notour turn svpfifuriiitK, Acihmlcuca caiamvs,

Chiatacwca conoidvti, Sipluwnria dremem'^sis, and sometimes Bcvibicwrn mdano-
stoma avid Siphonaria baconi 'the vertical width of the band varies Irom

IV to 5* The author has not be--n able :o dcie-mine satisfactorily the zunation

oF these gastropods at Pennington Bay. S. dicmet'atsis, S. baconi and S. melano-

stoma arc usually found .at the lowev h-vcH B. tnoUmnsUnna occurs only on the

more protected rock surfaces where wave action is not slrong.

(ii) The band of Modiolus pidcx is not as well developed here as it is on the

western terraced reef, where ir covers a horizontal level about 2 f
to 3' wide Just

above the. Hormosira - Actinia pools. Specimen* of the smaller bivalve, KelUa
ausiralis, are always associated with M> pidex. The latter has not been observed

in the more exposed parts of tbe coast,

SLitPUI.Ii> VY'OiLMS

There is a welt-developed /one, in which Galcolaria carspitasa is most notice-

able, ori the lower levels of the cliff face where the surface is rounding oft to
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farm the platform. The tubes, however, are not as thick as the dense deposits

observed in more sheltered localities on the island, c.g. t at Kockv Point near

American River, and at Middle River on the north coast, G. caespitam is scat-

tered over a wide area at Pennington in the mid to higher littoral region wherever

there is a good movement of water and no sand. It is commonly associated un

this reef with the alg*a Rkntiaria jirma. Scattered tubes of (7. cacspitosa and
dark blobs ot 7\\ jlnmt are particularly well developed on the ledge of rock which

runs airing the shoreward e^gv of ihe channel area Of the platform. This ledge

is about 2"-5" higher than level A and water moves quickly over its surface.

Tubes of (7. atcspitosa in much reduced numbers can be found almost anywhere

on the platform itself.

Other Anjmat.3
(i) Where the cliff face is nearer the open sea, and especially where there

is a surging of water, a few specimens of the chitons, Poncroplax costata and

P. alhida, can be collected. The larger crabs are not common on this reef, pro
hahly because it oilers them little shelter and protection, The following- species

have been collected : LcptiHjrap^us van'fgatus, Cychnp'opsus audoui:iii t Qziu.s

Iruncohis and Plagitsia chahrus. At the water level and on moist rock surfaces

the amphipod, Hyale rnptcola, its common.
(u) The region -of the boulders covers only a small portion of the reef

towards ihe eastern extremity of the shore, The boulders,, which arc large and

dirriculi to move, rest on the rock platform and have been deposited where ihe

overhanging cliffs have collapsed. BcmhU'huu iiuUvwsiotuu, (Jalt'Oltiria cGcspifvsa

and the alga, Kh'idariu firnui, are well established on and near the boulders. A
few specimens of the liUurinid. MchiHcriia tnchnotnigui', are usually collected

here. Both B. mclanostatna nuA M' mehinulragtt.s are far more numerous on the

upper levels of 1hc intertidal region of the nonh and east coasts of the island or

ui the high rock pools at Vivonne Day on the south coast. In these places there

are more boulders and conditions are calmer, A smaller variety of B. mvhnwsioma

is very common on the higher levels of Ihe intertidal flats at American River.

The houlders afford shelter for the crabs listed above and for a few .specimens.

»>f the red viviparous anemone, Actinia iiuchruxa. This anemone is particularly

numerous in and around the edges of the Homutsira pools of ihe western terraced

reef.

(w) The sandy portion of the rear part of the littoral cousisis of loose sand

which is inimical ro animal life. The small isopod, Avhtfria Paliida, \* some

limes, collected from the drier sand and the springtail, PscudaniiriJa billitotrensis,

from the moist sand.

1), Animals ox the Rock Platform

Plate XVI, fig. 2 and 3, and plate XVII, lig, 1, give some idea of Ihe ricfrfi&b

and density of rhc algal growth on the rock platform. Womcrsley (1948) consider-

the most important tji these algal associations to be: ( 1 ) a ('yxiophxllum vmn-
r>iluin association which is developed between Ihe sandy pool and the tedgjfc of the

main reef; (2) a Cystopfwra compUw which covers the greater part ot the r**f

and which contains several species ot the genus Cy^tajdiora, viz., C. uvijera,

C. ftibftwcinahi, C. siliqitoM;, together with Sartjassum muricuhttum; (3) ;i

Horwosira banksii assoeiaMon which is most prominent on the higher parts at

the outermost edge of the platform; and (4j a Cyslophora - Coralline associa-

lioii on the rougher and more exposed south-east corner.

Weed- Tending molluscs are found in all these algal associations except: the

Cysluplttov ->(^iri\\\mr association. Dardoiuifn wvluuochronm is found on the

Cysto'phytlnm aud Ausirocochko odonli.^, and to a less extent PluisiQiiotrochus
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hellulus and ZemitnHla yorkaisix on [he Cystophora and Horniosira. Particular

reference might be made to the widely distributed alga, C, av'vfera, which Is squat

and busby. It is usual to find the following in or on tins alga: A astrococklea

odonlh, Columella spp.. Subuinetla iindutLtijis, Phasionatroclius hdlulus, Zenii-

h-ella xorkensis, Gibbuf-U prlcssiana, a small while ophiuroid. AmphiphnHs
squarmita, Nereis *p., and numerous anrphipods. The uominance of the algae on

the outermost pari, of the reef is most apparent. The rocky substratum around

the edge and down ihe vertical sides of the reel is covered with a thick carpel

of short algae. Few animals, except chitons, are found here.

The chief fauna ou the higher levels of the platform (level A, in tig. 1)

consists of the weed-feeding molluscs. Anstrocochlca adoniis and Celiana iramo-

seriet/, in the channel region and level B A. adoniis and the starfish, Patinclla

etticar, and on the exposed edges of the reef the chitons, Ponoroplax alhida and

P. costata.

Gastropods.

(i) yhtsirocochlea odanUs

A. oJortils is the most numerous and widely distributed mollusc on ihe. plat-

form and £3 found in most areas, ever* til some of the deeper pools and potholes

along the outer edge of the reef- It is a strong- and active creature and is found

on both weed and rock, if seems to have a particular liking for Cystophora

itviferti uiul Ilonnoslra banksii and is associated with them on many reefs along

the cousi. With Cellaua tramoscru-a it forms the principal animal community

on level A. and wi':h the starfish. Patfricjia calcarJ the principal community in the

channel and on level H of the platform.

( ii ) i el Iana tramoserica

C. f/anhoscrica lives only on the rocky substratum and apparently feeds on

the microscopic algae which grow on its surface. Auslracochlea odontis and

C. iytiittoscrica. are the principal fauna on level A. Vtry few specimens of this

mollusc are. found in the channel area, and it is- never found where sand is

deposited. H shows a tendency to gather in the larger depressions on the rocky

surface of level A. where it will be exposed only occasionally. At other localities

it has been noticed ai much higher levels in the littoral, where it must withstand

considerable exposure. Such places are the high rock pools at Vivonne Hay and

ihr higher rocks at Cape de Condie.

(ih) Other gastropods

Specimens of Siphojiaria bacoiii, many possessing slightly eroded shells, are

scattered over most areas of the platform. The species, however, is very

prominent on the higher parts of level A, near the fallen rock area where the

rocky rUhstvatum bears little algae. .S". haconi often is found under ibiii layers

of sand. Palelloida allicoslata is common on Ihe platform, more particularly at

the higher levels, e.ff., on the ledge which runs across the platform. Austro-

rnchlva lorri occurs on the higher levels of the platform. Cominella ebumea and

Cowiitfltn Hneolafti are found ou lite weed, on the rock or in the sand in most

parts of ihe lateral region. Juvenile specimens of NeotMais tv.vtiliasa and Sub-

ninptla u-ndithUits teed on the reef. They are, however, more numerous near the

edges of the platform. Plorocouus anemone, Phasianelfa veiitricosa and the key-

hole limpet, Soplii-nitefepas nujvata, are sometimes collected on and amongst the

algae. Te.lhys norfolkxnsis appears during 1 the summer months. The algae and

the rich epiphytic pinnl life which ^rows on it afTord shelter, and probably food,

for a number of gastropods other Than A. odoniis. Some of these molluscs are

Pliasuntotrochns brfluhts, Phashnolrochus exiuuus, (rihbula prelssiana, C<*n-

tfiandus pulcherriinus, Zatvtrella yorfcensis and Zemitrella sroriconvcxa.
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Starfish
The chief fauna of llie channel region and level B consists 61 Austrocochlca

adontis and the eight-rayed starfish, Patiridfa culcar. There is little doubt that

the starfish are confined to this level because it is never completely exposed.

When the tide is very low and Llie movement of water down the channel very

slow and feeble, P, culcar seeks shelter in the deeper depressions or under algae.

The thin and temporary layers of sand which are sometimes deposited near the

sandy pool do not appear to be detrimental to this creature, ft is common to find

the starfish ingesting- fragments of CoraUiua atvicri. P. calcar has been noticed

in crevices and pools on this and other reefs well below the level of the low water

spring tides. Occasionally small flat isopods arc found moving over the arms
of the starfish,

ClHTONS
The outer ud&cs of the reef are subject !:o strong wave action and are covered

with algae. Austrocochlca odontic is rare here and is found only where there is

shelter, e.g., in cracks and under smalt ledges. The chitons, PonCroptax oibida

and P. costaia are. (fee only animals established on this pari of the reel, They
are found in shallow depressions on the edges and on the vertical sides of the

platform and extend down to rhe sub-lit.oral fringe. Their plates are usually

covered with tufts of small algae.

Otnku Animals
Crustacea are abundant in the al^ae. The small crabs, Ilalicara'mts avutns.

the weed crab, Nnxh tutiiida, and the sea ceniipedes. Paridolca ntunda and

Rutdotca pcrotiii are usually Loutii in die weed. Oshts truncatas and Eriochclr

spinosus arc rare. A sphaeromid isopo-1 h often collected in the al^ac but no
burrows ha.ve been observed in the rock. The following amnhipods have been

identified. IVaUlcckia chcvrcuxl, Elasmuhus sabcarinala
t
Anipluthoc a usir alien sis,

Hvdle W&FQi Ily^lc rupicola, and Ci/flkjpits sp.

The reddish-brown lloloihnyia fnscachierca is often found in ihe algae or

the sand which collects around the holdfasts of the more biudiy species of wefd.

A small white and active ophatroia, Ampfcipholix sqttaituUit, is usually collected

at the base of C. wv:(rni.

The avtemones., Anllioplt'tmi muycosa and Bnvadcciis vcraira, occur on to
p

1 atform. A. mvscosa, wilh shell fragments attached to its exterior, is found in

cracks, crevices and under ledges, while B. pffrfiim is commoner amnnpi the a!ga.c.

Polyehacts of the genus, AVrc/.v, shelter in the holdfasts of the al#ae and

Cubes of &ph-orbix sp. are common, especially on Surgasy;tm. Hcatu-red ufbs*s of

Calcolaria cacxpitosct occur on the rocky substratum where there is a good now
of water.

Two small fish are sometimes collected from amongst ihe weed; they arc

Clhius pcrspkillafus and Syngmthas enriirastns. Smaller specimens of SfyjffrS

doiujatus and Muoi! cfphalus have been caught m and near the sandy pool.

Tardigradcs and numerous free bvm^ nematodes, including ttpsiluneuhi sp, and

I'richoderma sp., have been identified in material scraped off two rocks which

project from the sand near the shore. Ascidiaus and sponges do uol occur on

the platform itself, Pycuo^onida and nemertmes arc occasionally collected from
among the algae.

C. Sun F.TTTORAr. PtMTJJCjiS

The sub-littoral fringe comprises ihose parts of the reef near the level of

the low spring tides which are exposed either momentarily between waves or

when an offshore wind coincides with a low spring tide. It is the most inaccessible

region of rhe platform and one rarely has an opportunity of examining its fauna,
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The densest algal growth on the reef h i'ounri here and the rock is covered with
plant life, Wotwr^ey (1948) points out that in an area of 4 or 5 square yards
it is common to lind 40 or 50 diilcrent species of algae and that epiphytic growth
is profuse. The dominant algal association is one of Cyslophora intcrmfjdia;

other larger algae, are Sargassum brae t tolasum and licklonia radiata. The smaller

algae are listed in Womersley's paper, The dominance of ihe plant life in the sub-

littorul fringe and, as tar as can be determined, the sub-littoral on this and other

reefs of the south coast of this island is cJmost complete. The commonest animal
in ilic Mib-littoral fringe is the stalked ascidian, Doltena austraUs (Pyura tins-

tnilis), but its numbers., however, are not great. B. australis is found on those
surfaces of the suh-littoral fringe which are almost vertical and it is usually con-

cealed amongst the larger algae. Sometimes the chitons, Poneroplax ajstata and
P. ulbidn r extend down from the littoral into this region,

The Balanus hhjrcsccns- Pyura prtwpntioUs community of the sult-liltoral

fringe ul Long Reef, New South Wales (Pope 1943). is not present ;ct Penning-
ton and has not yet been observed in South Australia by the writer. Nor ts there

here any animal growth which corresponds to the dense Pyura stoieniftra com-
munity of the sub-littoral region at False Bay, South Africa { Stephenson 1937)

Larger specimens of Sxibrrindla undulatus, SnbvincUa tarqutUu?, Neothxiis,

tcxiiliosa and Haliotis roei can be seen attached to rocks. Most of the oilier

gastropods which live on the rock platform arc not found in the sub-littoral fringe-

Specimens of Polirii'ila caUar lind their way into cracks and crevices. Colonial

bydroids grow on many of the larger algae. The commonest species arc

SerHctaria minuid and OrUiopyxis ntucrogonu, ihe latter usually being found on
San/assum bracHolosum. A sandy coloured sponge is sometimes collected in

the holdfasts of sotne of the algae. A red sponge and a red encrusting polyzoan
are common on the ledges of rocks in this zone. When conditions are very calm

a purple compound ascidian, Austrobntryllus :-p.. is sometimes collected from
beneath the algae on the broken outer edges of the Ttef,

The fishes. Sforpis georgianus, Pscydolibrus psittacittus, Fseudolttbms
puticlnlatxu and Myxux dongatits have been caught off the eastern edge of the

platform.

5. SUMMARY
The fauna of an intertidal platform of calcareous sand-roek has been

examined. Wave action is strong and no loose stones are present. The most
prominent animals op the clilT Face al the rear of the reef arc littoriuid molluscs

( Mclaraphr umfasciata)
, barnacles ( Cltthamahts antenna/us

)

, molluscs and
serpulid worms (Galcolariu caespifosa). On the platform itself the most pro-
minent and the dominant life form is a thick growth of algae (Cystvphytlum
nmvicainm

t
Cy-ttophora spp.» Sargussinn vnmcitiatum, Hormosira hanksii. Coral-

lines and epiphytic algae). Weed-feeding molluscs (A\istrocochlca odontis- and
CcKatia tmmvscrica) arc abundant oti the algae and the platform respectively,

Starfish (PaliricUa cnlcar) appear on the lower levels and chitons {Poneroplax
albida and P t costata) on the exposed edges of the reef. Algae (Cvstophora
intermedia. Sargassum hractiolisum, F.cklonia ntdiata, numerous smaller species

and profuse epiphytic growth) are almost completely dominant m the sub-
littoral fringe. Ascidians {Boltema (syn. Pyura) au&tralis) are found, but vot
in grear numbers, in the sub-littoral fringe. A list of the species collected is

also given.

APPF.NDTX A
In order to determine the density of the mollusc and starfish population a

metal frame 0\S metre x 0*5 metre was constructed and thrown at random on
the rocky substratum of the reef. The numbers of molluscs on both weed and
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rock and starfish falling in the area enclosed by the frame were theu counted.

As a result of 100 throws on each of level A and level B the following averages

were obtained

:

Ccllana tramoserica

Austrocochlca oUtmtis -

Patclloida alticostata

Columella spp.

ZcmitrcUa spp.

Siphcmaria bacon

i

Phasianotrochus bd lulus

Subninella widutatus

Neothais tcxtiliosa

Patiriella calcar

APPENDIX B
List of animals collected at Pennington Bay

The species named are littoral except where otherwise indicated: si.—

supra-littoral; sbl, == sub-littoral ; L — littoral; -•- denotes that the animal is

common.
Coelkntkrata—Actinia tcnebrosa Farqu., Anthopleura muscosu Drayton, BunQ-

daciis vcralra Drayton, -\- Sertular-a nrinuta Bale sbl.,
|

Ortliopyxis macro-

gona (Lenden.) sbl.

Porifepa—grey sponge growing on weed, red sponge, sbl.

Ne.matoda Trichodcrma sp., Rpsiloncma sp.

Nemerttnka—yellow nemertinc. while ncmertine.

Polyciiaeta—Nereis sp., -f- Spirorbis sp., -+- Galcolaria cacspitosa Lamarck-

Crustacka |~ Chlliamalus aniemtaius Darwin, Catopkrogmus polymenis Dar-

win, Balarms vigrcsci-ns Lamarck, 4* Tetraclita purpurascens ( Wood),
Ch&maesipho colitmna Spengler, -f~ Light austral!ensis (Dana) si., Paridotca

munda (Hale), Euktotea peronii (M. Edwards), Actaccia pallida (Nich and

Barn.), Exoediu'ros inacuhsus Sheard, — Waldeckia chevrcxtxi (Stebb-),

Efasmopus snbearinutus ( Haswell), AtnphiUwe australiensis Hate, Hyalc

nigra (Haswell) ~\~Ilyale rupicola (Tlaswell), Calliopus sp., Ozhts tntn~

catus (Edwards), Leptograpsus varicgahts (Fabr.) si. and 1., Plagnsia

(Jiabrus (Linnaeus), Cydvgrapsus audoninii (M. Edwards), -f- Huli-

carcinus ovatus (Stimpson), Eriochcir spinosus (M. Edwards), Naxia

tumida. (Dana).
Moi,lusca \- Poneroplax albida (Blainville) 1, and sbl M -| Poucroplax costata

(BlalnvihV) 1. and sbl., Ilaliotis ruei Gray, Sophismc-lepas nigrata Sowerby,
-}- Ccllana tramoscrlca Sowerby, d" Patcllo'uia alticostata Angas, Actinoleaca

calamus Crosse, -4- Chiazacmea conoidca Qu. and Gaim., ~\- Notoacmva scpti-

formis Angas, + N f}toacmea scabrilirata Angas, Cxintharidus pulchcrrimus

Wood, -\~ Phasianotrochus bi'Uulus Dunker, -|- Aitstracochlca odontis Wood.
Auslrocochlca torri Gray, 4- Giblnda prcissiana Philippi, ~\- Subninella

undidalus Solander I, and sbl., Subninella iarqtuirtus Gmelm 1, and sbl.,

Phasianclla -uenlricosa Swainson. Alclancrita mclanoiragits Smith, -{- Mcla-
raphe unifasciata Gray sbl., -|~ BcnibicHun mclanostoma Philippi, -|- Darda-

mila nxelanochroma Tate, Sabia cornea Schumacher (on other shells),

-f- Neothais tcxtiliosa Lamarck I. and sbl., -f- Zemitrella yorkensis Crosse,

ZcmiircUa semicotwexa Crosse, -{- Cominidla eburnca Reeve. + Cominclla

linealata Lamarck, Floraconns anemone I ^tnarck, Tetltys norfolkensis

Sowerby, -\~ Siphonuria diemeaensis Sowerby, -f- Siphonciria baconi Reeve,

-\- Modiolus pidex Lamarck, -|~ K$\fo australis Lamarck, hlapalochlaena

maculosa Hoyle.
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Insecta—/3send-amirida biUitonensis (Schott).

Polyzoa—red encrusting type sbl.

Echtnodermata j- Patiriella calcar Lamarck. AmpJiiphotis squamata Delle

Chiaje, Holoihurui fitscocinerea Jager.

Ascidians—Bo [tenia australis (Pyura australis) Herdman sbl.
f
Austmbotr\llus

sp., sbl.

Pisces—Myxus elongalus sbl., Scorpis georgianns sbl., Pseudolabrus psUtacidus

sbl., Pseudolabrus punclulatus sbl, Clwus perspiaUatus, Syngnalhus citrti-

rostris.
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skeletal olivine and pleochroic olivine. Courses of basic magma crystallisation are briefly discussed.
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Abstract

An analysis of an olivine bronzite-bearing dolerite and much optical data

are presented in a study of several Precambrian basic dykes. Several interesting

mincralogical features are described, including deuteric anorthodase, some remark-

able pigeonite and other pyroxene associations, strange skeletal olivine and plco-

chroic olivine. Courses of basic magma crystallisation are briefly discussed.
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I. INTRODUCTION
Small scale basic intrusions of Precambrian age occur in the ancient rocks

in the far north-western portion of South Australia. There are at least two type*

of such intrusions; (1) those of the older group are usually sill-like and occur

only in the gneisses and granulites; they are often considerably metamorphosed/ 1 '

(2) the younger group are mostly steeply dipping narrow dykes. Some of these

have suffered metamorpbism, but mainly in connection with the mylonitisation

and cpidotisation mentioned in a previous paper
(J) (Wilson 1947. p. 209). Others,

however, have been noted with the granoblastic recrystallised texture so com-

monly developed under tbermal metamorphism. <3) Intrusions of this younger

group traverse both the gneisses and the later charnockitic granodiorites.

* Department of Geology, L:riivcrsity of Adelaide.

t
1
) e,g,. some of the amphibolites, etc. west of Mount Carruthers; north-east of

Taljantja; etc.

C$i e.g. ,
1 mile north-cast of Ernabella; west of Top Springs; 2 miles south of

Tnindi; etc.

<*) e.g., in Trudinger Pas*, near Oowollinna, etr.

Trans. Koy. Soc. S. Aust., 72, (0, 23rd August, 1948
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P%-, 1 View of the platform (rum the sandy beach at low title, showing the led^r. the
channel, levels A and l> and the sandy pool, (A composite photograph).

J \g. 1 The itlual rj!ixcrf-{ ysfcf'hora asso-
ciation on the lusher level of the platform.
The -astro],, d in il lr centre of the field fts

L'dUaui irnnh'srnca. (Photograph by L NT.

Thomas ).

Kit*. 3 CrlftiHtt hyunosm'ca and Amtr-OCO-
chlca< odottHs on tue higher level nf the
platform, ( Photograph by CI M. Etfnlley).

'



Iran.-. Roy. Sw\ S. AuM., 1048 VqL /-'. i'laic XVII

c -

LI •—

»—

*

» * V *

:

i A - '•
.

';

II K. *i
.

i

I.
k

i

^v *. L

Ik
1

bp



m

MUSGRAVE RANGES
I 07966

?Ls>7969

7970>4|
RNAeELLA

79601
796!

A MT WCO0*OTTE

7968
/ 7™/ «*&«*

7963

*K<Tn.L9LL££

EVERARD RANGES& * 2449© . „v r.««™

Plan .showing location of Dolerites described in text.

In this paper, however, only those basic dykes are dealt with which are
unmetamorphosed and reasonably fresh. They belong to the ''younger group"
but nevertheless are considered to be of later Precambriau are (see Wilson 1947
p. 208).

The dark chocolate-brown -weathered outcrops of these basic intrusions make
prominent features on many of the desert-red hills of "granite

17

and gneiss. The
dykes, themselves, however, are usually not large*. A common size is about
300 feet long by 10 feet wide. Some are much more persistent, as, for example,
the narrow six-mile-long dyke running from ea.M of Naljawara through Ernabella
10 the region south-west of Mount Carruthers.

Such narrow dykes and the absence of flat-lying sills of the. type so common,
for example, in Tasmania and South Africa limit a penological study, hence ibis

paper will comprise. In the main, petrographic notes on the minerals and rock-

textures.

II. PREVIOUS WORK
Similar dyke rocks have been briefly recorded from many places in the

Central Australian region. An excellent summary of the chief observations con-
cerning these is given by Farquharson in an appendix to a Western Australia
Geological Survey bulletin (Tatbot and Clarke, 1917). Streich (1S92) recorded
diorites and dolerites from several localities between the Everard Ranges and
the Fraser Range. |. A. Thomson (1910) described interesting olivine norite.s

and quartz dolerites from similar localities. Tate, Walt and Smith (1896)
noted olivine dolerites, olivine norites, diorites, gabbros and fine-grained
dolerites in the north-eastern MacDonncll Ranges. Basedow (1905) observed
lioth diorites and dolerites in the Musgrave, Mann, Totukiuson, Everard and
Ayers Ranges. lie stated that diorite dykes are. very plentiful, whereas the
dolerites are less common. The present detailed work in the Musgrave Rauges
has. however, failed to confirm ihis view. Dolerites (often olivine dolerites)



1K0

arc much more abundant than the diorites in that region. Jack (1915) gives

petrographic notes on several basic dyke rocks from the Everard Ranges, the

south-eastern Musgrave Ranges and the country between ihe ranges. f\t

recorded olivine gabbros, olivine doierites, basaltic doleritc_, etc.

In his summary, Farquharson (Talbot and Clarke, 1917, 144) conclude

that the numerous basic dykes in this central region of the Australian continent

show remarkably similar' characters in the different localities. He himself

describes norites, quartz doierites ^)d olivine doierites.

III. MINERALOGY
The dykes under consideration are composed essentially of a basic plagio-

clase. subcalcic augitc with or without olivine, bronzite and pigeonite. Magnetite,

ilmenite and anorthoclase are often present. Quartz is absent except as an occa-

sional xenoiith or as a rare late magmaiic mineral.

1. The Fulusfaus

(1) Plaokxxasu:
In estimating the composition ot the plagioclascs, various methods were

employed. The simplest and most satisfactory method was to make use of the

abundant Carlsbad-albite twins. The two extinctions were measured after tilting

on the universal stage fcfl look directly down the composition plane oi both

pericline and the Carlsbad and albite twins. The extinction angles of X' to trace

of (010) were referred to a graph (labelled PL in figure 42) given by Chudoha

(1933, 45), and those for the Carlsbad-albite twins were referred to a graph

published by Kennedy (1947, lig. 2). Occasionally, as a check, full orientation

procedure was carried out and Ihc results plotted on the WulflF net. When this

was done, it was found that the optic angle for the plagioclase consistently

suggested a notably lower anorthite content than that indicated by the plot of

thc^poles, e.g., (010) i X.

2V % An (01U) J_ X, % An.

-m 75 91

(core)

90 73 83

+84 67 60

+88 3*) 55

-KG 21 (?) 31

(rim)

On the other hand, it was consistently found that the anorthite percentage

as suggested by the optic axial angle (2 V) was notably higher than that indicated

by the extinction angles (most extinction-angle methods give reasonably com-

parable results). An example of this is seen in the same rock (No. 7972). <*>

2 V (
/r> Ah, Ekt. t \_ Ferk&(0lO) % An. from Ext. Z

-80 85 Wj 81

-85 77 M 71

+85A 68 m 56

The plagioclase (though remarkably fresh) usually contains an abundance

of dustv inclusions which decrease in abundance toward the more sodic rim of

t*> AH numbers refer to specimens in the rock museum of the- University of

Adelaide.
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which a narrow selvage \$ usually quite clear. These inclusions often give the
thin sections a characteristic dark appearance.

Owing to the .strongly zoned nature of the plagloclase, few measurements
of refractive index were made, Further investigation of the optical and chemical
properties of the plagioclases from this suite of dolerites should prove of value.

In almost ail of the rocks examined, the plagioclases exhibit a considerable
range of composition gradually changing from a basic core (usually a bytownire)
through the average, which is basic labradorite, to a narrow rim of andesiue and
sometimes even basic oligoclase. In one rock (7972) the zoning is not gradual, but
shows notable hiatuses (see ph XVIII (c) ). All zoning is normal—that is, from
;i basic core to a rim of less basic plagioclasc. The average grain size of the
feldspar lathes is about 1-2 mm. x Q'3 mm., with some in the sub-gabbroic type?
reaching 8 mm. x 2 mm.

(2) AXOKTHOCXASE
In many dolerites a fraction of one per cent, of anorthoclase occurs as a

deuteric (late magmatic) crystallisation. It is often more plentiful in dolerites
lacking in ^olivine and hypersthene (e.g., 7971 and 7970), but notable amounts
(5*2% in 7964, 3*4% to 2449) occur in rocks among those with the largest per-
centages of olivine and other pyroxene. The mineral, though a plentiful accessory
and easily distinguished, has apparently been overlooked by previous workers. Its

refractive indices are lower than that of Canada balsam. It is colourless and
clear with plentiful inclusions of apatite needles (pi. X\TII (d) ). Included mag-
netite is often rimmed in part with biotitc. Optical axial angle (where measured)
varied from 2 V (-ve) = 59° to 42 c

. (In one thin section variation in 2 V has
been as much as 52°-42°.) Plots of the cleavage poles appear in fig, 2.<s >

Neither "eross-haiching" nor perthitic iutergrowths was observed even under
high power magnification. The mineral is trielinic, not monoclinic.

Co

a ofthoclase

b anorthoclase'

c microglia

worthsw 2*wq

2 anorth in 7364

Fig. 2

Part of Stereogram whowinK relation or poles «£
(001) and (010) of Anorthoclase in two Dolerites
to those o

r
i Orthoolnse, Anorthoclase and Micro-

cline ('after Emmons 1043, pi. XI I, No. 7).

2. TylE L'VROXKX-liS

( 1) Till- ORTnOi'VilOXKiNICS

Orthopyroxene is usually, though not exclusively, confined to the olivine
dolerites. There are many olivine dolerites, however, lacking that mineral-

Pv In certain South African dolerites some interstitial "soda orthoclasc ot low
;txi;il angle" was present (Walker, Poldcrvaart, 1*742, la.l).
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Owing to the prevalent zoning, the composition was estimated from the measure-

ment of optic axial angles. This is, of course, not as accurate as R.L estimation,

but suflicient for the purposes of this review. Poldctvaait's suggested nomen-

clature of the orthopyroxcues is used, as also is his chart of optical properties: and

chemical composition (Pold. 1947, 167).

The most magncsic orthopyroxenc is an Enstatilc (OF. 8% ) with

2 V (-f-ve) =83° which occurs plentifully as clear colourless cores of a pleo-

chroic hronzite (Ol*'. 16%) with 2 V (-vc) — 81°, the. whole pyroxene being

enclosed pnikilitically by large labradorites in a coarse dolen'Lc (No, 7964).

pjtstaiitc (OF 9%) with 2V (-|-ve) =84° also occurs rarely in No. 7970

as small irregular cores of a zoned pigeonitc- Bronsite—The most ferriferous

orthopyroxenc is still magnesia rich, and is a hronzite (OF. 22%) with 2 V (-vc)

= 71°. The most common orlhopyroxene has a weak pleochroic core of hronzite

(about. OF. 14%) which grades into a strongly pleochroic rim of bronzile

(about OF. 20%), The common gram size is 1 mm, x 0*4 mm,, but in some

Ifyfo 7%l) I he hrnnziLc. occurs as elongated crystals up to 4 mm, x 0*4 mm.

Itfotaftc often has a pntrhy extinction caused by ex-solution of lime (see p. 199),

or a fine lamellar twinning
| ||

(010
|

probably caused by deformation dnrin;:

crystallisation.

(2) T

u

k CuxorYi<oxiiM:s

Three main varieties of clmopyroxcne are present, z'iz., augite. snhnilci'j

uigiie and pigconitc. The nomenclature suggested by Poldervaart (1947(a),

p. 161), is adopted, which subdivides the clinopvroxenes primarily on optic axial

angle. Thus those with 2 V exceeding 45 s
are termed oiujitcs, those with 2 V

between 45° and 30° are stthmlcir augilcs, and those with 2 V less than 30° arc

fyigconiics. In pigeonke. the optic plane may be parallel or perpendicular to (010).

1\ is often only possible to distinguish the three cliuo-pyroxencs by measure-

ment of the nplic axial angle, for colour and pleochroism, habit, refractive, index

and often double refraciion are usually very similar. Moreover, the ortho-

pyroxenes (and even the olivines in some cases) present similar difficulties. Hand-
picking of grains from crushed samples ol* rock was thereby rendered tedious.

The only practicable way therefore to obtain reliable refractive index data was

fo first determine 2 V and ZaC on a grain u
jn situ" in an Uncovered slide

(mounted in glycerine on the universal stage), then to dig out that grain, and

by immersion methods, to estimate its refractive indices all sodium light.

The curves of Deer and Wager (1938) were used to estimate the composi-

rion, using 2V in conjunclion with the y index. Data for ZAC were carefully

collected aud may assist in amending Tomita's charts (1934) which attempt to

relate ZaC to composition. These charts have been found itt many places

tTroneous. 7./\C was always read from a sterographtc plot of the optic elements

and is probably as accurate as "± 1° for most of Lhe well cleaved or twinned

uughes and most subcaleic augitcs. ZAC for the pige.onite was found difficult to

estimate better than about ± 3* or 4° owing to the prevalence of poor cleavage

and lack of twinning. Details of these three clinopvroxenes:

—

Augkcs, y — 1-69-1*705 ;2Vr (>ve) 52* -43"; ZaC ^42°-37 ,j

; optic axial

plane ||(010); twinning rare; colourless to cMivmcly faint green, uou or very

weakly pleochioie. llai)it: subhedrul up to 1*4 mm. x 0*8 n:m., usually 0*3 mm.
x Q'3 mm. ; as cores of crystals of .sub-calcic augitc into which the an git e com-

monly merges.

Sitbcatov /htyifex. y = 1 'f>9-l '725 ; 2V f+ vc) = 45°-3<r ; Za C _^ 41 °-36 Cj

,

optic axial plane (010); twinning uncommon, usually on (100); colourless or

very p:ile green and non pleochroic, or pinkish fawn and strongly pleochroic.



183

X^ faint rusty pink, Y - faini fawn, Z = very faint screen, X > Y > Z.
Habit: the most abundant pyroxene; subhedral, subophitie or strongly ophitie
crystals, often strongly zoned and may form perfect Jink between augke and
some pigeonites (q.v.)

j
grain size very variable { 1*3 mm. x 0-4 mm, to (M mm.

x 4

1 mm.) ; refractive index, double refraction usually increase, whereas 2 V and
Z A C decrease regularly toward the border zones of the subcaie.ie arterites.

Pigcomtcs, V — 1-682; 2V (~vc) -- 20°-0° (optic axial plane 1 (010) j :

y = 1-730; 2Y-- 0°-30° (optic axial plane
|| (010) ) ; twinning extremely lancom-

mon ; colourless, or moderately pleocbroic in faint pinkish fawns and greenish
tones similar to the more ferriferous subcalcic augitcs. Habit: never abundant but
occurring with one or more of the other pyoxenes (depending cm the variety of

pigconite) and with or without olivine; late crystallisations often strongly ophitie.

with other types subhedral and strongly zoned; grain size very variable but

usually somewhat smaller than the accompanying clinnpyroxenes.
Present data indicate several unusual occurrences and associations, and, as

far as can be ascertained, nothing quite comparable has been described from
elsewhere. Pigeonite occurs in seven dolerites, and some of the properties and
a^ociates tins set out in Table I.

From (his it is apparent that rile mode of occurrence of the pigeonite differs

in a'd seven rock*. The probable significance of this is discussed in the section

on the petrology

.

2. Olivines
Olivine occurs in a large number oi dykes. There seems to be no rule

regarding its occurrence, as for instance, in certain of the Karroo dolerites, where
the mineral is present in ail sills which do not contain orthopvroxene. (Walker and
Poldervaart, 1942, 135).

In the Musgrave and Everard Ranges, olivine is often fotlr.d with an ortho-

pyroxene which at times encloses it.

The olivine shows a remarkably constant composition (as deduced from
measurements of optic axial an^Ie which varies from 2 V (-j-ve) = 88° to

2 V ( — ve) =85 (2V ( — ve) = 87° is common). This suggests a range in -com-

position from a forsterite (Fa 7%) to a chrysolite (Fa 23%). ( ',
•
, The mineral

is usually colourless, cracked but remarkably fresh and free from inclusion*.

In two rocks (7965 and 2460) there is a marked pleochroism (X = blue-grey,

Z — fawn gT^v; X>2). Some microscopic particles, possibly iron ore, are

orientated in the plane 1 Z, but are not thought to account for the marked
pleochroism.

In 7964, 2446, and especially in 2449. the olivine contains plentiful inclusions

of iron ore.

The mineral usually occurs as subhedral crystals about 0*6 mm. x 0*4 mm.,
but crystals up to I'D mm. x P6 mm, occur In 7965 olivine of essentially the

.same composition (Fa 21%) is found enclosed in attgite, and also as small ophilie

particles of late formation (0T mm. xOd mm.).
In 7967 (and to less extent in 7908 and 7969) rare skeletal crystallisations

occur in association with an unusual '"plumose" pyroxene (see pi. XVII I , a; and
description on page 194).

(4) Minor Cokstjtuents
Iron ore is present hi varying amounts m all rocks. This constituent appears

to be mainly magnetite with some Hmenife in places intimately associated. Th"
grain size is very variable, attaining 0*5 mm. x 0*3 mm., but grains 0*3 mm. \

('*'/ Usiiiy: the proposed classification of Deer ami Waprer (1939).
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0*2 mm. arc common. In many rocks tlie primary magnetic is: often concentrated

with the small patches of anorthoclasc and secondary dusty iron ore.

Chratnhe (?). A few grains of the chill black mineral is included in ma--

netite in most rocks. .

P\rUr and Vvrrhotite occur sparingly in most rocks, and an1 associated wun

the other iron ores.

Amphiboh\ No primary amphibo^e fs present hut a Wrongly pleodirme

variety occurs hi small amounts in ihe patches of deutcric material m No, /9/1-

Here "it has been formed in part by the -alteration of some of the pyroxene.

X — yclltnv-sreeri, Z — deep blue-green; ZA(-' = about 15\

Biotile, This mineral is present in almost all rocks as small fiecks associated

with the iron ore and usually with deutcric anorthoclase. Some also occurs as

Hecks in ail the earlier minerals (otherwise perfectly fresh) and apparently our

of reach of later solutions. Common s'.ze is 0'3 mm. x 0"2 mm- X — yellowish,

Y = Z ~— dark chestnut brown.

Apatite occurs only as long colourless rods in the deutenc anorthoclase

In 7971 these rods are up to 2 mm. in length.

Iron Spinet is rare but occurs as smalWleep green isotropic grams associated

with magnetite, chrnmitc and olivine, e.g., 7963.

Quarts was noticed in only two rocks. In 7971 it comprises about a halt

of the 3-4% of the acidic residue, it is distinguished from the anorthoclase and

p!agiocl;ise bv its clarity, higher retraction and double refraction. It gives a

normal uniaxial (+ve) "interference figure-

In the other rock (7972, q.v.) a xenolith of quartz occurs surrounded by a

slrnnf rim of subcalcic augite (the dyke injects acidic gneisses),

Chloritk and Serpentinous and other alteration products are present m mmor

amounts. The rocks, however, are unusually fresh.

IV. PETROGRAPHY
For descriptive purposes the dolerites have been clarified on the following

feature;;:

(1) presence or otherwise of olivine;

(2) presence or otherwise of orthopyroxene

;

(3) texture.

A. 0UY!N1>BEARING Dor.EETTHS

(1) Ol.IVINK OTUTTOfVROXEXE-UEAftlNlC DoLliRJTES \

(a) those with coarse poikUitic texture (7964, 2446);

(b) those with subophitic texture (7963, 2460, 2449);

(c) those with opJiitic Ic.vtnrc {7060, 7961).

(2) Ouvjnk-bearixt; Doliiritks (i.r^ free from orthopyroxene) :

(a) those with coarse poihiUtie texture (7968, 7969) ;

(b) those with suhopiiitie texture (7966) ;

(c) those with ophhk texture (2453, 7965, 2450) »

(d) those with an unusual "phtmosc" texture (7967).

B. Dolerites (ffc, free from Olivine)

(1) OwTnOPYROXliTNE-IlEARlXr. DOLIiKITES :

(a) those with ophltic iexlure (7970),

(2) Normal Dojlkrxtes (I.e.. free from both Olivine and Orthopyroxene •

:

(a) those with sub-ophitic texture (7972) ;.

(b) those with ophitie texture (7971).
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A, Olivine-bearinc, DoLtORims

(1) Olivine OnTttoroioxKXE-jjEARj'xo Oelr<toaiES

(a) Olivine Ortfiopyroxeiic-bearlng Gohhrok Rock with coarse Poilnliiic

1
1
Nr

o. 7964 is a remarkable fresh dark grey medium-grained gahbroic rock.
It was collected from a large dyke on die new ''Royal Mail" track" (Feb. 1944),
14 miles east of De Rose Hill hut

In thin section the gabbro appears unusually well crystallised. The olivine-.

nrrhnpyroxenc and clinopyroxene form euhedral crystals 'which arc set poikiKri-
cally in large tabular crystals of plagioclase tip lo 6 mm x 2 mm.

A nummary of the main mineralogieal data is included hi Table II.

The Phicjwdase is well iwintied on llie albite and penclinc and occasionally
on the Carlsbad laws. Its composition is unusually conslaut (An 65% ) but gives
way abruptly to a clear anorthoclase. This mineral is in strong relief tu the
labradoritc which, though pertectly fresh, is often a palic chestnut brown mi
account of myriads of fitly inclusions of iron ores (?). The anorthoclase has all

refractive indices less than that of Canada balsam, but 2V (-ve) vnries from
51° in one case to 59" in another (see fig. 2). Associated with the anorthoclase
are the usual acictilar apatite needles and biotite. The anorthoclase, which make*
up 5*2% of the rock, forms clear-cut boundaries with the labrnrlorite (see
phXVIftd).

The ortho^yroxene occurs as beautifully formed crystals. The cores arc
of a colourless en statitc (OF 9%) and all gradations are seen into the strongly
pleoehroic rims of bronxite (OF 16%). The orthopyroxeue contains no inclusions
of importance. The extinction is at times irregular and suggests the beginning
of the lamellar intcrgrowth mainly, so welf seen in 796.5 (see p, 199),
The monoclmic pyroxene is represented by non-pleochroic very pale green-grey
atigptte, The borders of some of the crystal's begirt to show a weak pleochroism in

.tpeens and pinks, but it is the double refraction and -extinction angle (ZAC =
Mi-$7°) which serve to distinguish the ortho- from the clinopyroxene in recon-
naissance. Magnetite is included in the olivine in two ways, vh:. t as particles of
iron ore crystals scattered irregularly through the mineral, and as myriads -of

tiny orientated iron ore inclusions.

2. No. 2146 is a
*

'dark-coloured rock ot medium grain with the nonrui!
weathered surface". It occurs as "a large east and west dyke 15} miles north of
Mount Illbillie" (which is the most prominent hill in the Everard Ranges). The
rock has been briefly described by Jack (1915, 18), and the dyke is figured in
the text/*' His description is deficient in that the most, abundant pyroxene
(orthopyroxeue) has been mistaken for a clmo-pyroxene, and the anorthoclnse
has been overlooked. The rock in thin section is very similar to No. 7964
described above. The crystals of pyroxene are not quite so well crystallised,

however, aud there may be a little more clinopyroxene present than in 796-1.

The optical properties of the minerals, however, are almost identical in the t\yn

rocks, even though rock No. 2446 was collected 35 miles from 7964, Both 7964
and 2446 contain minerals more magnesia-rich than most of the dolerites. Even
though they have apparently cooled for a longer period, lamellar mtergrowth so

•
7) This rock is strictly of j-qbbroic texture but is treated with the dolerites because

of it-> obvious relations.

J * &. L. Jack briefly described rocks from several basic dykes in the region of the
Kverard and Musgrave Ranges. These appear m the report on hi.s geological reconu.u-i-
.-ane« in the area (Jack IQISh The original thin sections described by Dr. Jacl< arc si ill

M vallaWe for examination, but unfortunately the hand rpecimens are misMn«.
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ivpica! of many bronzitcs (e.g., those of 7%1, 7970, 7963, etc.) is absent. A
"shadowy" extinction is t . however, occasionally present. It is probable tbal at

no time did early pi^eomtc form.

(b) Olivinc-Oythopyroxcne-hcarhu-j Dolerites with Snbopliitic Texture.

]. No. 796J is a fine-medium hob ^crystalline very dark grey rock. It occurs

ns a steeply dipping cast to ^'^^ ^<e cutting gneissic granitic ebarnockites near

a liny roelc hole a furlong north of ihe track about 19 miles from F.rnahelia

toward Kenmore Park in the eastern Musgravc Range.-,

In thin section the rock appears as a remarkably fresh olivine-bronzite-

bcaring dolerite with only a very pnor ophitic texture. It has apparently moled

fairly slowly and in fairly ''"dry" conditions.

The results of a chemical analysis and calculation of the norm and mode are

set out in Table III, and a summary of the main mineralogical data is included

in Table II.

It is apparent at once that the normative and modal minerals arc at con

siderable variance, It is suspected that this is largely due to a high alumina

content of the e1inopyrn\enc t This cannot be readily proved, however, for the

pvroxenes are al! so similar in general appearance and properties that it is too

difficult at present to attempt a mineral separation with a view to analysis, Calcu-

lations, based on estimated relative proportions of the heavy minerals and work-

ing back from optical data of the plagioelasi_% olivine ami orthopyroxenc, have

indicated that the clinopyroxene probably contains about 10% A1.,0
;V

. Some
ALO

r;r
however, may be held in the orthopyroxenc or even in the olivine.

Frank el (VM.\
f
20) noted that some analyses (similar to that, under dis-

cussion here) showed "little similarity between the norms and modes by volume,

and still less between the former and mode by weight. 3 Sowen (1928, 142)

points out that the norm does not take into account any alumina which may be in

the pyroxene, and thus false values fo- anurthitc and consequently for pyroxene

are obtained'*.

The relative percentages of MgO (notably high for a dolerite), CaO and
A1,0

3
are unusual, which fact has made selection of comparable analyses diffi-

cult. A few dolerites from the adjoining" region in Western Australia have been

analysed but most of these are quartz-doleritcs. The olivine dolerites from that

State are usually much lower in MgO and also differ in other respects. No, -4,

in Table III, is an example of one such dolerite. A search through the available

literature has shown that the most comparable rocks are probably those described

by Frankel from the Karroo, and Ferguson from Rhodesia. The analyses with

their norms appear as Nos. 2 and 3 in Table ill.

The modal percentage (by volume) of pyroxene in 7963 /s given as 45 16%>
The main pyroxene Is a non-pleoehioic faint yellowish-^reen auqitr with 2V
i-!ve)^-48\ ZAC = 39

r
'_ A few simple twins are present (|| (100) ).

Commonly fan-like bnnches of crystals occur which presents an irregular extinc-

tion in places, rendering difficult the accurate measurement of 2V~ and ZaC
This extinction is a type of "polarisation cross" with the cross indicating; an
extinction angle (Zf\C) of about JjS*. The refractive index (y) — 1-/08^
'002. It is probable that this is the pyroxene which has the high alumina content

discussed above.

Next in importance is bronzite which comprises about one-quarter of the

total pyroxene (45'6%). It is pleoehroic in pinks and faint green-greys and has
2V (—ve.) =z7\°, which suggests an approximate composition OF — 22 c/i. The
extinction is usually straight and its double refraction is lower than in the clino-

pyroxenes.
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The minora! often encloses olivine (Fa 18%) and is itself sometimes partly
enclosed by the non-pleoehroic (or weakly pleochroic ) clinopyroxene. A palchv
exfinrhon landing to grade into a hue lamellar intergrowth parallel 10 (010 J >-

often seen in suitable sections

The proportion of the third pyroxene (a suhcaldc au;/ifc) is difficult In

estimate. It probably mates up, however, between onc-hfth and one-sixth oi

the total pyroxene. At frrst sight confusion could easily arise us the pleochroism
is almost exactly the some as that of the brouzife. The only ceriniu method nf
distinction is that of measurement of the optic axial angle (2 V ( -\ -ve) —40-35").
although the large extinction angle fZAL' — 38 c

) and higher double refraction

a.-sisl. to identify the. clinopyroxenc in reconnaissance. 1 '" This pleochroic clioo-

pyroxene is similar in some respects to that in Mo, 7968, when* it forms a con-

tinuous link between the early non-plcoehio:c augites, weakly pleochroic sub
calcic autptes and more iron-rich pigeonries of later crystallisation.

No pigeonite. (2 V(4-ve)<30'"' ) wa.. noticed, although a careful search "Wei*

made, "Nearest approach" to a late plgWijtc is probably the pleochroic suh~
calcic augite described above. No "early" pigeonite can he expected owing to

the presence of the lamellar intergrowth in the btonziLe, which iutergrowths hivi

been formed by an inversion (?) of a pigeonite during the cooling process. Had
the cooling been accelerated some early pigeonite may have remained in ji

metastable condition, as in the oplhtic dolerite No. 2453,

This rock contains much more nlivluc lhau most of the other dolerites. it

is remarkably fresh and dear.

Of the 4% accessories, the iron ores are the most important. In order of

importance ihey are magnetite, ilinenite, chromire, and pyrite. About 0*5% of

brown biotite is present. It is associated wiih the iron, but no anortttoelase was
noticed.

The playioclase varies in composition from bytownite (An 82%) to labra-

dorite (An 67%). Some edges of the plagiociases are somewhat more -so die. The
average is probably bvtownite (An 72%). The most common twin laws repre-

sented are albite, Carlsbad and pericUne, The mineral is somewhat clouded, not

bv alteration products but by dustv inclusions of (?) magnetite (cf. 7964.

7961, etc).

2. Ar
o. 2I'I9. Nos. 2449 and 2460 shift? the subophitic texture, better than

the more basic rock No. 7965. Nos. 2449 and 2460 were collected bv R. L, Jack

(1915,, 19), and briefly described by him as Nos. 14-3 -48 and 14-3 -23
respectively.

No. 2449 is a ''dark-coloured rock, (airly coarse-grained and weathering to

a reddish surface". The rock occurs in a "large dolerite dyke forming the cap"

of a black bill two miles west-north-west from Mount Carmeena in the Everard
Ranges, where the dyke cuts granite. The dyke strikes approximately east to

west and dips about 35° north (a photograph of the dyke is given facing' page IS

of Dr. Jack's account).

In thin section it appears as an olivine orihopyroxene-beariiu; dolerite, A
summary of the main mineralogicul daia is included in Table II. The pleochroic

mineral is not augite (except only on some border zones) but a bronzite

(cf. Jack 1915, 39). 'Hie hiotite is always "associated with the magnetite" it is

true, but in this rock is due to a Tate magmatie (deutcric) alteration of the mae;-

<
r'> Jobansen (1937, 3, 212) has emphasised that orthopyroxenes can have an inclined

extinction in certain sections. Great care had to he taken in several of the dolerirc-

here described hecaiise of the presence of h<ji.li an urtho- a:id clinD-jvyruxeac which
showed similar pleochroism.
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netite and sometimes pyroxene. Colourless anortlwclase with many cokwrtess

needle-like inclusions of apatite comprise the matrix of the biotite. No quarlz is

present.

Typical masses of anorthoelase have 2V (-ve) = 52" anr] all refractive

indices below that of Canada balsam. A plot ( J. X) of $\p (010) and (001)

cleavages is indicated in fig. 2. Anolher good area of the mineral has 2 V (-ve)

42°dr2 D
. No twinning is shown even in (he highest magnification. The mineral

has very low double refraction.

A notable feature of the olivine (Fa 21%) is the. abundance of squat

needles of (?) magnetite inclusions (especially in the cores). The mineral i*

non-pleochroic (contrast Nos. 2460 and 7965).

The bronzitc is more ophitic than the subr.alc.ic. augite. The most ferriferous

bronzites occur in this rock (bronzite, OF =22). Jt occasionally shows a patchy

extinction but no notable lamellar intergrowths. Neither early nor late pigeonite is

present.

Though fresh, the feldspar is stained a diiLy brown with minute dusty

inclusions. As the outermost zones of the plagioclase arc reached this staining

is less marked. The composition varies gradually from cores approaching a

bytownite of An 75% to rims of anrlcsine (An 44% or even less). There is often

gradation from this last zone to the anorthoelase w such a way as to suggest the

latter's crystallisation from the residual liquors.

3. No. 2160 is "a very finely crystalline dark grey rock weathering to a

reddish surface"- It occur*" as a "dyke in a swamp on track, 2,U miles north

65
rj

west from Monrilyatma HilF', and is in the region between the Mtisgravc and

Everard Ranges.

In thin section it appears as an olivine orthopyroxenc-bcaring doleritc.

Dr. Jack (1915, 10) makes mention or an earlier generation of augite which fc

distinctly pleochroic. On investigation this earlier generation "augitc" proves to

he a typical bronzite comparable with that in No. 244!).

Jt makes up approximately one-half of the total pyroxene. The bmnzitc

encloses olivine (Fa 12%) hut is itself enclosed by the nou- or weekly -pleorhroic

suhcalcic aughc. It is readily distinguished from the cliuopyroxene by its lower

double refraction, pleochroism and common straight extinction. The mineral only

occasionally show.s a patchy extinction. Neither early nor late pigeouite was

observed.

Features of this rock are the pronounced development of dark brun-n tfusty

inclusions in the hytownitc and labradorile, and the pleochroism of the olivine

(Fa 12%) in blue-greys and fawn-greys. No. 7965 is another rock showing a

pleochroic olivine (q.v.).

(c) Olivine Orihopyroxene-beari'ifj Dolerites zvhh Ophitic Texture.

Nos. 7960 and 7961. Dolerites belonging Co this group are best represented

by Nos. 7960 and 7961, which were bulh taken from ihe prominent dyke which

cuts the chamockiti'c granodiorite on the west of the main valley between Erna-

bella and Mount Currttthers in the eastern Mitsgrave Kanges. The dyke itself is

several miles long and is probably cont'mmus with a similar dyke to the south m
Ernabclla (see main map, Wilson 1947). This dyke is the most important of a

poorly developed set which strike more or le-.s north and south with a shallow

dip to the cast. tin> This particular dyke is only about 15 feet thick, hul is. never-

theless, one Q-J the largest dykes in the eastern Musgiave Ranges.

<
lv

> Most of the dolrritc dyke* of the W^in-rivo [&(!§£& strike smith of W\*\ .ami

dip steeply 00**70° tabard the south-



J n hand specimen the character of the dyke rock varies from a medium
to coarse-grained very dark grey doleritc. J_»oih types appear remarkably fresh.

A summary of the main mincralogicul data is included in TabJe II. The liner

phase (7960) was taken from near the bottom contact, whereas the coarser pha^e

(7961) was collected near the middle of the narrow low dipping dvke. Link
differentiation has taken place.

The coarser phase is apparently somewhat richer in iron and volatile-;, as

is revealed in both modal percentages ami optical properties of all three pyroxenes,

and the presence of a little late pigennitc which is absent from 7960. The plagin-

elase is a slightly more, sodic variety of labradorite. Bronzhe commonly \]ii&

excrescences of a suhcalcic augite, which often show a peculiar fan-like m
stellate form with shadowy extinction (cf. that seeu in 7963).

In the modal percentages, an accessory amount of a soda feldspar is included

with the plagioclase. The mineral is similar to that described from rocks mini*

tiers 7964, 7966, etc., where it was determined as an anorthoclase. In this dyke

the amount varies from about 2% in No. 7960 to about 4% in Xo. 7961. The
anorthoclase is both interstitial and partly replacing the outer mure sodie zone*

of the plagioclase, Ko quartz- has been determined but long- apatite (?) neetlfes.

are plentiful as inclusions. A picochroic (yellow to brown) biotite and du>>v

magnetite are usnalh' associated Avith these patches of anorthocla.se, which »*>

apparently mainly of deuteric origin.

Primary magnetite and pyrite are plentiful, but the percentage of total iron

ores is increased by the dull black material liberated on alteration of some of the

olivine and pyroxene.

The coarse phase (7961) contains much move bronzite than the finer phase

(7960). This may represent the inversion to bronzite of the early pigeomle

(see p, 199). The presence of a continual gradation from the suhcalcic angitcs

into the late pigeonites seems in this rock to be assisted by the somewhat higliet

concentration of late liquors (as indicated by the coarser grain size and increased

percentage of dcttteric anorthoclase).

\2) Omvixk-bearing DoLKiirms (i.e.. those free from orthopyroxene),

(a) Olivinc-bearhtg DolcrUcs -wUh coarse Poikit'tic Texture.

t. No. 7968 is a dark grey medium-grained rock taken fiom Ihe most

southerly of several parallel dykes which cut the south-west tip of the large inn 1 .-.

of charnoekitic granodiorite situated abotit two miles west-north-west from
Palpatjara, which is three miles south of Ernabella. The dyke, winch strike

toward the west-south-west and dips 6S'
J toward the south, is figured in a pre-

vious paper (Wilson 1947. pL II, fig, 4).

in thin section this fresh rock appears noncrystalline With pyroxene and

olivine mainly set poikiliticaHy in relatively large (max. .1*6 mm. x 1'2 mm,:
average 2*0 mm. x 1*0 mm.) crystals of labradorite. A summary of the main

mincralogical data is included in Table II.

The plagioclase (42*5%) is usually clear but occasionally has a pale brown
dusty patch due to tiny inclusions. The mineral is so poorly twinned (mainly

on the albite and pericline laws) that no easier method of estimating its composi-

tion was available than to use the plotting the poles of the cleavages on a

stereogram. Zoning is not prominent and the feldspar has a fairly conslant

composition of An67% ± 'i
c/o (!,c, a basic labradorite). No anorthoclase was

detected.

The pyroxene (48*1%) occurs in two generations. The larger crystals (up

to 1*3 mm. x 0*4 mm,, but average 0*8 mm. x 0-6 mm) arc commonly subhediak

elcar and colourless (but very pule brownish pink in some outermost zones).
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The cores have 2V = 52" and 2aC— 36°, but there is a gradual tfecrftadc

towards the rims to pigconue with 2V = 19°
t ZaC^ 30°, optic plane

||
(010)

(.see fig*. 3 (a)). The strange "polarisation cross extinction effects are com-
monly present,

The smaller set of pyroxene crystals (a late crystallisation) are virtually

colourless, although some show a very pale pink when parallel to X. They are

tagged or sphenoid En shape, and have an average grain size m 0'15 mm, x
0*05 mm. Tlie grains arc loo small, and extinction loo erratic to do accurate

optical determination on most; grains
li
in situ", hut of those studied, many are

pigeonite with variable oplic axial angle, (one with 2V (+v«) as low as 17°;

optic plane
||
(010). ZAC conkl not be determined as there arc neither suitable

cleavages nor twinning.

The olivine (6'6%) which contains about 24% t'ayalite molecule is fairly

clear arid colourless, but along; the. plentiful cracks secondary magnetite, and
serpentine have formed. The mineral is ;ii times subhedrul but commonly holey,

and on rare occasions simulates some of the "skeletal" olivine of rock No. 7%7
(q.v.).

Accessories (2-tf%) comprise mostly some primary magnetite, secondary

magnetite and serpentine, with a little pyrite. Neither anorthoclase not btoiuite

was observed. Though poikilitlc and containing relatively coarse plagiockisc,

the name "dolerite" is preferred to "gabbro" because of the grain size and charac-

ters of the finer set of pyroxenes and its affinities with :he main suite of

doleiites.

Tile apparent absence of both bronzitc and early pigeonite but the abundance
of a inagnesic clinopyroxene is interesting. It is possible that the conditions

which allowed this poikilitic form (so uncommon in this area) to develop were
unsuited to the formation of cither an orthopyroxene or early pigeonite.

2. No. 7969 is dark gte.v medium-drained rock occurring $$ a small east-

west dyke cutting the- gneisses near the junction with the large charnockitic

granodiorite mass to the east in the creek beds one mile west of Top Springs

(5 miles, norlh-north-west of Eruabella).

In thin section this rock shows similarities to two wulcl> separated ceM-to-

west dykes (Nos. 7LX-& and /%/_). 'The j'lagiovlase (up 10 ft mm. x 2 mm.
average '2*2 mm. x 0*8 mm.) 13 a clear basic labrudorite and comprises approxi-

mately 50% tff the rock, h enclose.*; poikilitically the pyroxenes and very snnilat

to thofe described above in No. 7908. except that the smaller set (average

0*15 mm. x 0'05 mm.) tend in a few places toward a crude development oi thc

plumose texture so pronounced in No. 7967. The grains arc very small but no
pigeonite was definitely proved (contras'c 7968) although it is suspected. Neither

brou/ite nor early pigeonite was observed. Olivine (often in part decomposed)
and mat^ucsia-rieh clinopyroxeues arc plentiful (cf. 7968).

(b) Olivine-bearing Dolerites with Suhophiliv Texture
1. jXo. 7966 is a dark grey dyke rock occurring on the eastern flunk of

Kazor Hill. 11 mile* nortb-north-cast of Ernabella. Jt cuts the chamuckilie
granodioritc just inside its junction with the gneisses. In thin section the rock is

seen to have undergone a considerable amount of alteration by (mainly) denteric

solutions. This has resulted in a precipitation of dusty iron ore and formation
of an amphibolc, biotite and anorthoclase. A summary of the main mineralogical

data is included in Table II. The percentage (58' 1) for plagioclase includes

4-5% anorthoclase similar in optica! properties and relations to that described

elsewhere (?.£*, 7964). Usually the cores of the much zoned plagiudase are

quite a dark shade of brown owing to myriads of liny dusty inclusions of iron

orc(?). The more sodie. outer lims show fcwci dusty inclusions, uud the
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anorthoelase is perfectly clear apart from the usual EfcW needle inclusions of

apatite (?). The plagioclase often has a core with composition about An63%.

the outer zones ranging through the average type (a labradorite An65%) to a

sodic Andesim: (An34%) orWcn less, as it gives way in many cases tu Lhe

;i northoe.Ia.se.

The pyroxene is a strongly pleochroic relatively ferriferous variety of sub-

tatyit augite and in places gives way to 8 pigeonite (optic plane
||
(010). Plenti-

ful clOUds of magnetite (?) dust are often seen scattered at random throughJhe

pvroxene (contrast the regular zones of "dust" in the pyroxenes of No. 7970).

The vlknnc (Fa =19%) is. plentiful (6'3%), hut much has been altered to

scrpentinous material and iron ore (the original rock proper contained about 8%
olivine). A little of the pyroxene ha.s often been altered to a biotite and pale

green amphibole, but most of the deuteric products have been formed from the

iron ores.

Along a few lines of fracture abundant magnetite has been liberated from

ihe pyroxenes, These fractures occurred after the main period of deuteric

alteration, as rarely is the liberated iron ore surrounded by biotite.

The nioft peculiar feature of fhis rock is the absence of bronzite but the

presence (though rarclv) of a small pigeonite core in some of the subhedral

crystals of subeakie augite. The pigeonite has a high 2V (27°-30 D
) with optic

plane
fl
(010) and grades (with no break) into the surrounding stibcalcic augite

(2V = 30-40°).

(c) GUvine-bearing Dolerites with Ophitie Tcxfun\

All olivine dolcrites yef examined which lack in bronzite and have a notable

ophitic texture contain a pigeonite.

1. No. 2*gjjJ is a "very dark grey rock with redm\sh-brown weathered sur-

fwtsf It occurs "7 miles north-wesf of llcaly Springs" on the track between

faflhtfkaiia and Moorilyanna Hall. The rock has been briefly described by Dr. Jaek

(1915, 19) as No. 14-3-9. The important mineral pigeonite is omitted from

liis description. This in not surprising, as both the sttbcaicic augite and pigeonite

are very similar in all obvious optical properties and only easily distinguished by

estimation of optic axial angles.

The subeakie augite shows ophitic texture exceptionally well with the ragged

plates averaging 2'S mm. x 1-5 mm. With this occurs the pigeonite (£ (?) of

the tola! pyroxene)- This pigeonite differs from some of the pigeonites described

in other rocks (r.<7., 7970, 79C1, 796&) in that the optic axial plane is perpen-

dicular to (010) and there is a marked break between the two minerals when

viewed under crossed nicols, Jloth minerals are ophitic but the pigeonite less so

ihan its host, the suhcalcir uugUe. }%. 3 (h) indicates the strange variaJion in

optical properties from Lhe pigeonite to the rim of the enclosing clinopyroxenc.

The pigeonite itself appears to have little variation (relatively) in optic axial

angle (2 V ?+ve) =14° to 22 J
: ZaC= 39\- optic axial plane 1 (010)). This

probably indicates that the trend of lhe non-pigeonitic etinopyroxenes is upwards

toward the "Ihunp" of Hess' "course of crystallisation" curve (see p, 197, and

Thc absence, ot bnwzite is noteworthy. The conditions ot cooling- were

apparently such that the early pigeonite at no time was able to invert to ortbe-

pyroxene.

The olivine, which is more ma^nesta-ridi than usual (Fa 11%) is not plcitTi

fu! (2*2%). U is usually wnnewhal "corroded" and enclosed jtt the early

pigeonite or orher clinopyroxenc. The mm*"al contains some dusty ijiagnrfftfl

inclusions and is somewhat serpentined,
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The fldtfiodase ($9*7%) is not nearly so variable in composition as usual.

Iff fe a labradorite (An62%). There is a small amount (0*4%) of a Lypieal

.ittnrihoclasc.

A summary of the main mineralogical <3ata is included in Table 11.

2, No. 796.5 is a dark grey rock taken from a prominent dyke at Victoria

Downs Homestead, 65 miles east from Frnahella and 125 miles from the Finkc

railway siding in Northern Territory.

In thin section the rock presents a medium-drained oplvitic texture. A
-mnmary of the main nunevalogieal data is included in Table IT,

A striking feature of the rock is the pleochroic olhhe (X= blue-grey,

7. — fawn-grey). There are myriads of little inclusions of iron ore arranged

4 Z, and the possibility of these causing the "pleochroism" was investigated- It

.-.ecms that the pleochroism is intrinsic. This is uncommon, especially in such a

magnesia-rich olivine (Fa 21 Jo )

.

The olivine began to crystallise first and continued to form (with much the

-rune composition, viz., Fa 21%) to the end, where is occurs with the lale

pigeonite and subcalcic augites as small sphenoid particles only O'l mm, x O'l mm.
No. 2460 contains a pleochroic. olivine (Fa I2'fc ), but It* associates arc different

rom those in this rock.

Augite and pigeonite together make up 32*5% (by volume) oT the rock.

Since both minerals exhibit the same pleochroism and both occur poikilitically the

only easy method of distinguishing the two species is by an estimation pi optic

axial angle. The pigeonite usually occurs in somewhat smaller grains, has a low

optic axial angle and very poor cleavage, therefore it was found impossible to

definitely prove whether this species had its optic axial plane parallel or per-

pendicular to (010). The work done suggests, however, that it is
]|
(010). There

is probably a continuous series between the lower optic axial angle suhcakic augite

and these pigeonites (cf. No. 7968). This pigeonite usually occurs as small

sphenoid crystals controlled by the poikilitie texture of the rock.

The aitgitc varies widely in composition, as indicated by xhe fact that the.

optical properties vary from 2V (H-ve) =r46 u
, ZaC—42° through the mean

of 2V(+ve)=42 c
, ZaC = 41°. to 2V(+ve)=31% ZaC= 37\

As stated above, there is probably a continuous series towards an almost

'uniaxial" pigeonite.

There is also a little pigeonife of a different nature. Tt is enclosed by the

augite, has 2V ( I ve) = 19* with optic axial plane 1 (010). Thus this dolerite

contains two pigeonites. The "early pigeonite
5
* shows a break with the augites,

hut tlie later type shows no such break and probably forms a continuous series

from the subcalcic augites,

No bronzite if- present; conditions of crystallisation were apparently such a<5

;o prohibit inversion of the*, small amount of "early pigeonite",

The plagioelase is zoned with compositions estimated at bytnwnite (An72%)
for some cores to basic andesine ( An49%) for some rims. A basic labradorite

i Au68%) is common.

3. No. 2450. Dr. Jack (1915, ]9) states that he collected this specimen

"from a dyke six and a half miles S.60° W, from Moorilyanna Hill" Le., about

IS miles west from the locality of 2453.

The general appearance of this rock resembles No. 2453. The oplntic

texture, for instance, is similar to that of 2453. However, there are considerable

and significant mineralogical differences. A summary oi the main mineralogical

•Ma is included in Table \ It

AtJ in most rocks olkine was tlie first fenomagnesian mineral to crystallise.

nud Ft continued for some lime. No bronx'tle uor ftearly pigcomte'
1

is present.
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anil the next mineral to appear in the augite (2V (-j-vt I — 49
c-45°) rimnitr

with subcalcic augite. The augite cores 2V = 49° with continuous gradation-,
toward the rims of a subcalcic augite with 2V=^37'\

On some edges (never enclosed.) occurs a pkjeonite. It has 2V(,-fve<
ranging from 22 c

to 15° with optic axial plane perpendicular to (010) and hen

r

usually shows a pronounced optical break with the main dinopyroxene. '11m

change from the subcalcic augite to the pigconite seems always to take place about
2V = 37°. Both pigeonitc and subcalcic augite have well-developed ophitit

texture and seem to have come out together at the end as the final crystallisation

(see fig- o(e) ).

In 7965 a "late" pigeon ite crystallised with tlic last subcalcic augite, hut in

that rock the pigconite has the optic axial plane parallel to (010) and there i=

probably a continuous series between the two clinopyroxencs. Moreover, a plco-

chroic olivine (Fa 21%) is found in 7965 crystallising right through to the end
and occurs as small ophitic sphenoids with the two clinopyroxencs.

fn 2450 the variation in the composition of the dinopyroxene is yhowu b>

the gradual decrease in optic axial angle from 2V'
r (+ve) = 49° lo 37°. It is

probable that the trend is along the "course nf crystallisation'* (see p, 199).

beginning near the top of the hump and near the point reached liy the clino-

pyroxencs of rock ~&o. 245.1

Plagioclase is abundant (55%) and notably calcium-rich, h is well zoned
•with cores of bytowmtc (An82%) to rims of andesine (An46%), with an
average of byrownite (about An 75%). The plagiada.se is rtuu-h clearer ihau

usual, with only a few cloudy patches of inclusions,

Ancrthodase is present but rare, and there is a little subhcdral original

magnetite as well as the secondary dusty iron ore. Some serpeutinous male rial

is present as an alteration of some pyroxene and olivine.

(d) Olhint'-bcarUifj Voteritcs with an unusual "Plumose" Texture,

There arc several fine-grained dark grey dyke rocks which cut the north-wo*
slopes of the charnoekftie granodiorite hills L$ miles east-south-east of Ernabella.

Similar dykes have been noted cutting similar rock near Itjinpiri, 6 miles north

of Ernabella.

No. 7967. A summary or the main mineralogical data is included in Table II

In thin section die plaginrfasc appears as lathes which attain the size of

2 mm. x 0'05 mm., with many 1 nun. x 0*04 rum. (average probably aboiu
0*4 mm. x 003 mm.)- The lathes show no flow structure and are in some place;-

criss-cross, in others uitergrovra with the "feathers'* of pyroxene. The pJagio-

elasc (about 25% of the rock) is clear of the dusty inclusions so common in the

dolerites of this area. The mineral is poorly twinned on Carlsbad and albitt

laws and measurements of extinction angles indicated a basic labradorite

(An 67-65%). Zoning is not common and auorthuclase rims are absent.

Pyroxene makes up about 55% (by volume) of the rock. U occurs in two
forms. Up to two-thirds of the pyroxene form irregular and occasionally sati-

ned ral crystals up to 0*4 nun. x 0'3 mm. with an average size at 02 turn, x
0"2 mm. The mineral is a clear, non-pleochroic migiie of fairly uniform com-
position as indicated by 2V varying only from 45° to 47° and ZAC = 37 ±2^,

The augite often shows an extinction similar to the
*

'polarisation cross" noted in

the pyroxenes of other dolerites of the area (e.g., 7963).

The other form of pyroxene is that which helps to make the texture of tlm
rock so distinctive. It occurs as feather-like and fan-like bundles of irregularly

tapering rods. The bundles are on the average 06 mm. long x 0'2 rum. wide

at the hroad end and taper to 0*1 mnv wide at the apex, although some attain
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the dimensions of 1 mm. x 0*4 mm. x 0:2 mm. The pyroxene individuate them-

selves are usually about 0-5 mm. long x 0*02 mm. wide. These plumose clustCi>

show no preferred orientation, for sections cut perpendicular and parallel to die

eonling surface show no significant difference (see pi, XVill (b) ).

The mineral may be of almost the same composition as the main augile, bui

no defmile measurements could be made owing to the small she and Lhe presence

of a wavy extinclion, However,, its double refraction is similar to that of I he

augites, it has a medium extinction angle, is non-pleochroic and is often seen

''sprouting" from the larger generation of clinopyroxcncs. There is, however,

small possibility that it is a "late pigeonite" similar fo that found in No. 7968

and suspected hi No. 7069.

Olivine (Fa 11%) is abundant (between IS and 20%) and distinguished

frnm the clear pyroxene by having (I) a faint, fawn tint (and a very weak
pleochroism; X slightly darker than Z), (2) many cracks tilled with dusty iron

ore und irregular patches of brownish dust. (3) a somewhal higher double refrac-

tion (2V (-f-ve) —88°). The most striking feature of the mineral is its mode
of crystallisation. Sometimes a solid subhedral crystal is .seen, but usually it

occurs xls a strange type of zunetl crystal. Orientated inclusions of a very fine

mass of pyroxene and plagioela:-e (sometimes suggesting coarsely devitriiied

glass) are often so abundant and specially arranged that the crystal appear?

skeletal. Plate XVJII (a) shows a hexagonal form reminiscent of pseudo-

hexagonal twinning (as is cordicrite) hut the arms of the crystal extinguish

together and have no properties of twins. In some cases crystals of pyroxene

well beyond the borders of an olivine arc seen in optical continuity with pyroxene

some distance within the skeletal olivine. Fairly large individuals of clmo-

pyroxene have been enclosed by groups of olivine crystals in such a way as to

suggest that some of the olivine crystallised after some of the clinopyroxenc. In

places olivine occurs as small granules and blunt ragged prisms intcrgrown with

the plumose pyroxene.

The evidence indicates that though olivine began to crystallise first (as in all

of these dolerites) it was soon followed by a clinopyroxene (but neither early

pigconite nor bromdte) which continued with the olivine for a relatively con-

siderable length of time, While the last olivine was being formed the "plumose"

generation of clino-pyroxene began its formation and continued to the end.

There is very little primary iron ore present, but most of the cracks in the

olivine are filled with a dusty iron ore.

Nelllmr early pigconite not' brorwite is present, and no late pigeonitc was

proved, Annrthoc1n.se was not noticed,

B. Dot,ertte{? (Olivine i;rce)

(I) OrtTUUP'YKOXEVE-Bt'AlMVC Dor.KUlTE$,

(a) Orihopyroxcnc-hearing DoJerites -with Opliitic Ti\\'lurc l

I, Nn?970 is a small east-to-west dyke which intrudes gneisses near the

junction with the charnockitic granodiorite about three miles wcsl of Eruahclla-

lu baud specimen the rock is similar to the other dykes. In thin section the

rock appears fairly fresh. A summary of the main mineralogical data is included

in Table 11.

Most of the 57-6% of plagivchxsc in the rock is a basic lahradorite (An66%)
but cores are often as basic as a bytownite (Am 72%) and there is commonly a

continuous gradation toward a narrow oligodase border (about An 35%). A
little deuteric anorthoclase (2V <-ve) — 52°) is present, but. no quartz was

obsetved, The central part of ninny feldspar crystals shows die dusty inclusions

*n common in the dyke rocks of I Ins area.
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The pyroxenes present an utemsfing problem- h appears chat both ortho-

pyroxene and pigeonite have crystallised at much the same iimc. No evi-

dence was found which was sufficient to prove which mineral began lo crystallise

first. The final pyroxenes to form arc a mixture of suhealeic augitc with some
bronzitc and pigeonite. The or thopyroxene is similar to that seen in No. 7961,

and has a bronzite core (OK 16%) which gives way gradually in the more normal
manner to a hrotiaite- rim (about OF 22% ). The bronzite shows marked lamellar

. winning
( || (010) ) ,

The course of crystallisation in the clinopyroxenes.

however, \s difficult to follow. Some subbed ral crystals are found showing a

remarkable zoning. Occasionally the core Is enclosing an ensialite (OFO'/h)
and is a pigeonite with 2 V = about 20° and oplic plane 1 (010)- Then follows

;t perfect gradation toward a uniaxial pigeonite (2V-— 0°) into pigeonite

villi the optic plane
||
(010) (2V* ~0"J

to 30°), Finally the gradation leads

(with no hiatus) to a subcoUiic augitv with 2V~ 40°. The double refraction

regularly increases slowly from the core to the rim, but the extinction angle

(ZAC) remaius fairly constant (about 34°). In such a zoned pyroxene abundant
dusty iron ore inclusions have been precipitated when the 2V reached about 32 l '

(•fife 3(d) ). The remarkable feature of this zoning- is the fact that brouzite,

which shows a patchy extinction as well as a fine lamellar twinning
( ||

optic plane )

,

is present in the same rock and may have crystallised at much the same time us

the clinopyroxenes (see p. 197 for fuller discussion).

The pyroxenes comprise 34v^> (by volume) of the rock with the bronzite.

pigeonite and subcalcic augite represented in probably equal proportions.

The texture of the rock is moderately ophttic, but a considerable number of

the zoned -clinopyroxenes have developed a subhedral form. The bronzite and
sotae cliuopyroxene have, in places, developed a notable Waded form and some-

limes are seen in a coarse plumose form somewhat reminiscent of that in Kn. 7967.

(2) Nokmal DoLEiurr-s {i.e.. free from olivine and urthopyroxene ).

These rocks are similar in many ways to the olivine-beanng suite described

above. The absence ot both olivine and orthopyrnxene, however, aud the

presence of somewhat more ferriferous pyroxenes aud more dcutenc acidic

material suggest that this group is probably a later differentiate from the com-
mon doleritic magma. Two types are recognised.

(a) Normal DoierUes zvlth Ophitic Texture.

These are plentiful, especially in the eastern Musgrave Ranges. No. 7971

Js a coarse-grained dark grey dulerite which outcrops prominently about 4-4 miles

from Kenmorc Park on the track to Ernabella. It cuts the hyperstheue graou-

lites and gneisses at a steep angle. fn thin section this coarse doleritic rock-

appears remarkably fresh, except for certain deuteric reactions. Mineralogies!

data are set out in Table 11,

The plogioclase (49*0^) is vcxy well zoned with a composition showing

perfect gradations from cores of fabradorite (An66% ) to rims of andesinc

l_Vn34%). The probable average is a labradorite (An62%). The pfagioelascs

show the characteristic, pale brown dusty inclusions. The modal figure of 49*0%
includes about A% of clear acid deuteric material composed of both quart** and
anorthoelase. The deuteric solutions have attacked the pyroxenes in places yield-

ing a strongly pleochroic amphibole (X = yellow-green, Y = green, Z = deep

blue-green) with 7^0=15*', biotire (X — yellow. Y=Z = very dark brown)
magnetite and apatite.

The amphibole compiles 5*8% of the rock, biotile 1*2% and about onc-

tbinl of the 7% magnetite is a dull black secondary iron ore.
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The pyroxene (37*0%) h a jjuftah subealcic augiile somewhat more fer-

riferous toward the rini tliati at the core. The lowest optic axial angle observed

was 2V (4-ve) = 35 (and ZAC = 38°), which was the outermost rim of a

crystal wilh a core with 2V (-|-ve) =40° (anciZAC = 4r). Twinning; on (010)

is more plentiful in this pyroxene th?.n in any other ol' this -area. The drmVe

refraction is a little higher toward rhe rim hnl this is not as marked as in

No. 7972. Neither pigconite, bronzite, nor olivine is present

(h) Normal Doleritcs wkft ti SnhophUic Texture.

No. 7972 is a medium-grained dark grey dyke rock, and one of several which

cut the gneisses forming the ridge between GilpinV Well ami the track linking

Ernabella and Kenmore Park, and 20 miles from Rrnahella.

In thin section the leocturc is somewhat different from thai of the other

dykes yet studied. Phenocrysts of clinopyroxene are present, as well as the-

smaller generation of smaller hut more ferriferous pyroxene. It is in this,

later pyroxene that the subophitie texture is developed. The plagioclase, too,

occurs in two poorly defined generation.-.. The larger set arc comparable in $s*fe

with the. phenocrysts of pyroxene. They show very marked discontinuous zon-

ing (pi XVI II (c) ). The smaller set show ihr gradational zoning so com-

mon in this region. Mineralogieal data are set out in Table II-

Plagiortaxe comprises 5J*3.{& ( thi ^ includes about 3% of deuteric quartz and

anorthoclase). The average composition of the mineral is that of an acid

bytownite (An 72%) but the cores of some crystals arc as basic as an anorthitc

(An 9\Jo) t
with the borders of many crystals reaching almost to an oligoclase

(An31%)- The plagioclase is stained a fawn-brown (contrast the 3% deuteric

material which is clear).

The only pyroxene present i.s a subcalcic augite. The optical properties of

the outer zones of the phenocrysts and smaller crystals suggest a gradual iron

enrichment as the crystallisation proceeded (2V decreases from 3°)" to 3fv ;

ZAC increases from 40° to 42°; double refraction increases from core to rim)*

Two or three very small corroded crystals of a faint dull brown olivine up

to 0*3 mm, X Ol5 mm. occur as inclusions in the phenoeysts of subcalcic augite.

Beside the presence of quartz amongst the deuteric material, quart*,: occurs as an

interesting xenolith. The clear mineral is surrounded by a prominent rim ol

subcalcic augite. The lens of quartz and pyroxene together is about 1'8 nun

long x 1 mm. wide, with the actual core uf quartz about 0-5 mm. x 03 mm. The

plentiful iron ores (5-6%) comprise about half primary magnetite and the. rest is

dull black dusty secondary iron ore.

Neither "early" nor "late" pigconitc nor bronzite is present and only two or

three tiny adventitious crystal of olivine occur.

V, PI-TKOLOGY< l, J

lit general the minerals of each dolerile indicate a noimal course of crystalli-

sation with u trend toward a soda enrichment in the plagioclase and an iron (a«»l

part calcium) enrichment in the pyroxenes (and olivines), phenomena ably dis-

cussed by several recent authors.

In several ways, however, the mineral assemblage differs considerably from

that of doleritcs described elsewhere, and associations obtain which have hitherto

been largely thought improbable.

Some of the main unusual features will become apparent in a brief survey

of the pigeonites of these rocks. (Table I). Pigeoniie makes ils appearance in

(u ) Owing to lack ol huge sills no rxte.nded study of the course oi crystallisation

of the dolcntic magma could be undertaken. The specimens here described were voileclc",]

in the first instance to give an idea of the types of basic dyke rock in the area,
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seven dolerites aud in each with its own peculiar associations. On plotting the
compositions o( tilt fcrromagnesian minerals of the pigeonhc-bcaring rocks in

%. 4, it is apparent that most of the augitcs anrl subcalcic augites fall below* the
"cuur.se of crystallisation" curve of Bess (1941, 585, fig." 10). When the
pyroxenes reach a Fs content of between 35% and 40% further anomalies arise.

In throe rocks (7968, 7965. and 7961) the "course" drops steeply and passes
over the border (2 V — 30 c

") into the pigeoniie zone These pigeonites have
properties merging perfectly into the suhcalcic augites. None of this type, how-
ever> has been found to gradually transgress the line (2 V — 0) into the field of
pigeomtes with the optic axial plane 1 (010). Walker (1943, 518) has recorded
similar eases and considers such pigeonitcs arc '"ferriferous and lie just below
I lie ferro-augitc field pi the triangular diagram." He suggests that such
pi^eotn'ies (optic axial plane Ij (010) have 2V not much below 32°. In these
rocks, however, 2 V as low as 13° was measured (in 7965) and in 7970 all grada-

frrtU exist from 2V = 20 ,J

(1 010) through 2V = 0° to 2V= 40°
(J)

(010) ).

Ju lJ50, on die other hand, the course of crystallisation proceeds to Fs
contem of 40% and the subcalcic augitc is joined by a pigeonih* with 2V— 20

r

and optic axial plane 1 (010). The. reason is unknown for such a marked break
between the two clmopyroxcne.s in 2450, whereas a perfect gradation exists in

Nos. 7961, 7965, and especially in 7968. All are olivine dolentcs and only
Xo. 7961 contains any bronzire,

In 7965 there is an "early" as well as a "late" pigeonite (see above). The
early ptgeouke in ibis rock, however, is rare, and is always found enclosed by
the augitc {2\f —4b J

). Its optic axial plane is 1 (010), and there is con-
sequently a sharp line of demarcaiion between the two pyroxenes. There is no
bronzire in thfe rock, probably because the cooling- was ..sufficiently rapid to pro-
hibit Ihe inversion of the early pigeonite. OHviue (Fa 21%) began to form early,

controlled throughout the cooling and is plentiful in the final crystallisation as

:-ma1l ophitic sphenoids (of much the same composition as the earlier material

!

aud in association with the late pigeonite and some subcalcic augitc.

In if5S the crystallisation is interesting. Here (as in 7965) a marked
break is noted between the early pigeonitc (2V— 22° - 14

D
; optic plane,

x (010) ; and the other cliuopvroxene. But the olivine (Fa 11%) is more
iuaguesic 1ms already finished its main crystallisation and is found as rounded
and partly corroded crystals in the pigeonitcs (and elsewhere). It does not
appear ns a later crystallisation. Moreover,, the zoning of die clinopyroxrnc
other tium pigeonite is unusual The early pigeonite gives way abruptly lo a
stduUilfk ctuyilc (2V— 40""h which is gradually zoned till borders of ouyiic arc
reached (2V- ..-46

6
). This suggests that this rock shows a course of crystallisa-

tion comparable (though farther from "Wo") with that Lo the left of the major
*'humpn of the curve of Hess.

No, /Q7(J is h most interesting rock. Crystals of clinopyroxcme occur showing
a remarkable zoning-. The core, which sometimes encloses and enstatite is ;
pigeonite (2 V — about 20 v

; optic axial plane X (010)). Then follows a pet-

I'ccc gradation through uniaxial pigeonite (2 V = 0° ) into pigeonite (2V - -

0-30 c
; optic axial plane

|j
(010), and finally iuloasubcalcic augite (2V= 30°-40°).

Bron/.ite (OF 16-22%) is plentiful in the slide anrl in places is rimmed with sub-

calcic augites (2V= 35-40*). The bronzite shows a fine twinning (|| optic

axial plane (010) ), and a shadowy extinction which suggests some exsolutiou
of lime, ft r> difficult to explain ihe presence and apparent stability oi the early

pigconite which lias its optic axial plane 1 (010) and rims enstatile. Measure-
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V-I9°^"0

fa) No. 796H. Anglic strongly

zoned through subcalcic

augite to rim of pigeonite

(with optic plane || (010)).

<x45).

2V-46
^010

(h) No. 24x1 TCarly pigeonite
with optic plane 1 (01 0)

)

enclosed hv subcalcic augite

(iV=40°>", which is itseli

zoned toward an augite rim
(2V = 46°). The pigeonite is

not as ophitic as the other
clinopyroxene. (x 20).

2V=37 l

2V=22" vj.^o.o
loio U-^—i-,

2V=»37 C

2Vt40'

2V=22*

2V=22*
ioio

(c) No. 2450. Augite (2Y
= 48

'
) zoned outward

toward subcalcic aueite

(2V = 37°). A break
occurs and pigeonite

with optic plane orien-
tnted differently (i.e.,

1(010)) forms tips on
the main crystal. (x28).

Fig. 3. J'igeotiite Relations in Sotuo

#2V*0° - -
fx 2V-10°loio

\ >0"

\ v
2V-I0 \— ^ \

2V-0
2V«K)3rtwF

2V-38C

(d No, 7W0. Vigeonite (with optic

plnnc 1(010) yevy strongly zoned
toward uniaxial pigeonite, and
thence into a pigeonite with a

different orientation (i.e., optic

plane
||
(010) and 2V = 3(J\ A

gradation exists near the rim from
this pigeonite into a subcalcic

augite (2V = 40). Magnetite dust

was precipitated while subcalcic

augite (2V — 32) was crystallising.

(x~35),

Dolcritcs (see itfco fig*. 4 and Table t)
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ments of refractive index have indicated that this zoning shows a course d

crystallisation fairly close to the diopside- clinoenstatite line and toward t!n.

extreme left of the two pyroxene field of J less (1941, 586).

2V-45'

r

2V-30

[//po)j /

/ ^

fiseonite|±(oio)j

FiM . 4

Treitdfei in crystallisation, as shown by the Clmopyroxenes ol certain

Pigeonite-bearing Dolerites, compared with the course of crystalli-

sation suggested by Hess [Pyroxenes roughly plotted against

v-curves (Deer and Wager, 1938, p. 20, fig. 2) and approx.
2V curves (Polclervaart ,1947 (a), p. 161, fig. 2 \.

la the non-pigeonitc-benring dolerites (e.g., 7963) a hremzile often occurs

which shows a patchy extinction or fine lamellar intergrozvth, apparently identical

to that described elsewhere in orthopyroxencs within the range OF 15-35 ( Polder

-

vaart, 1947, 167, and pi. XIII, fig. 1). Hess seems to limit this phenomenon Vh

orthopyroxencs with a composition about OF 30 or greater. In these dolerites tin

first appearance of this apparent inversion From early pigeonite seems to be iu

a bronzite with OF— 16 (as in 7970) and is found in all more ferriferous

varieties to OF 22, In the coarse rock, No. 7964, much o[ the bronzite as rnay-

nesic as OF 12, shows a prominent patchy extinction.

Owing to the narrowness of the dykes the strange zoning phenomena shown

by the clinopyroxenes cannot be explained by a gravitational settling of phenn-

crysts into deeper regions, especially iu view of the fact that zoning is normal ;ij

both orthopyroxenes and plagioclases.
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2453

OLIVINE
[Fa. 11]

7965

2450

7968

7966

7961

PIGEONITE

[2V = 14-22°; l (010)]

OLIVINE
I Fa. 13]

OLIVINE
LFa. 12]

SUBCALCIC AUGITE > AUGITE
[2V = 40 -45°J [2V = 46°]

OLIVINE
[Fa. 21]

PIGEONITE

[2V = 19°; 1 (010)]

AUGITE > SUBCALCIC AUGITE
[2V = 48 -45°] [2V = 45 -31*]

PIGEONITE

[2V = 30 -13°; ||(010)]

AUGITE > SUBCALCIC AUGITE
[2V = 49-^15°] [2V = 45 -37°]

PIGEONITE

[2V = 22 -15°; "
(010)]

OLIVINE
[Fa.24]

AUGITE > SUBCALCIC AUGITE
[2V = 52 -45°] [2V = 45 -30°]

[2V = 30 -19; H(OIO)]

PIGEONITE

OLIVINE
[Fa. 19]

PIGEOiNITE > SUBCALCIC AUGITE

[2V = 28;
|| (010)] [2V = 38 -40 -35; ||(010)]

BRONZITE
[OF. 17 — 22]

SUBCALCIC AUGITE
[2V = 40 -30]

No Bronzite

No Bronzite

No Bronzite

No Bronzite

No Bronzite

PIGEONITE
[2V = 30— 25; || (010)]

ENSTAT1TE
[OF. 9—10]

7970

> BRONZITE
[OF. 16— 22]

PIGEONITE

[2V = 20 -0; 1 (010)]

> PIGEONITE

[2V = 0]

PIGEONITE

J2V :r -30; ||(010)]

No Olivine

SUBCALCIC AUGITE
f2V = 30 -40; l| (010)]

Table I. Order of Crystallisation of Ferromagnesian Minerals in certain Pigeonite-bearing Dolerites



ROCK NUMBER 7964 7963 2449 2460 7960 7961 7968 7966 2453 7965 2450 7967 7970 7971 7972

PLAGIOCLASE 33-9 34-3 54-2 43 64-1 61-4 42-5 58-1 59-7 55-4 55 28 57-6 45-0 51-3

PYROXENE 50-2 45-6 29-7 20 23-4 30-7 48-1 19-3 35-2 32-5 30 49 34-7 37-0 41-3

OLIVINE 8-0 16-1 11-8 15 5-7 1-9 6-6 6-3 2-2 8-0 12 20 — — —

ACCESSORIES 7-9 4-0 4-3 4 6-8 6-0 2-8 16-3 2-9 4-1 3 3 1-1 18-0 7-4

TEXTURE POIKIL SUB-OPH. SUB-OPH. SUB-OPH. OPH. OPH. POIKIL. SUB-OPH. OPH. OPH. OPH. "PLUMOSE" OPH. OPH. SUB-OPH.

PLAG. An. % 67— 65 82— 72— 67 75 — 72— 44 72 70— 68— 28 72— 62 — 30 67 65— 34 62 72— 68— 49 82— 77—46 67— 65 72— 66—50 66— 62— 35 91—72— 31

Av. Diam. 4X1-5 m.m. -9X -2 -8 X .25 1 X -4 •9 X -2 1-4 X -3 2 X 1 1-4 X -6
1 X -25 •9X -2 1-3 X -4 •4 X -03 1-4X -5 1-2 X -4 •8X -4

- 2V 51—48 50— 48— 35 50— 44— 37 45 — 40 43— 38— 30 40— 31 52— 47— 31 30— 40— 35 40— 46 46 — 42— 31 49 — 45 — 37 -10 30— 40 40— 35 39— 34

AUGITES and ZAC 37— 36 42— 39— 38 38— 39 39 40 36 31 36 39 38 41 38 31 32 41— 38 40

SUBCALCIC R.I. 1-695 = y 1-701 = y 1-692 = y
1-698 =y l'708 = y 1-710 = y

1-705 = y 1-710 = y 1-680 = y l-724 = y 1-695 = y
1-698 = y l-705 = y 1-719 = y l-724 = y

(2V = 36)AUGITES (2V = 48) (2V = 45) (2V = 44) (2V = 43) ^2V = 38) (2V = 36) (2V = 47) (2V = 43) (2V = 43) (2V = 40) (2V = 45) (2V = 46) (2V = 35) (2V = 38)

Pleoch Nil Nil or Nil Nil, to X = faint green Nil or weak X = faint rust pink X = faint pink X = faint pink Nil Nil X = faint pink Nil to X = faint fawn X = faint pink
ef. bronzite X = pink

Z = faint green

cf. 7961 Y = pinkish

Z = yellow green

Y
Z

= faint fawn

= faint fawn grey

Y = Z = colourless y= Z= faint green Y = Z = faint green Y =
Z =

faint pink fawn
faint yellow fawn

Y = faint fawn
Z = fawn grey

Av. Diam. 1-4 X -8 m.m. •6 X -3 •6 X -5 •6X -4 •4 X -4 -35 X -25 •5 X -4 4 X -3 2-5 X 1-5 1-6 X *6 etc. 1-2 X 1 •2 X -2, etc. •3 X -25, etc. 1-2 X -8 •8 X -6, etc.

PIGEONITES 2V 30— 22 30—19 28— 30 22—14 30—16; 19 22 28— 0; — 30

ZAC — — — — — 31 30 39 39— 38 29;- 38? — 30

R.I. l'l\S = y 1-720 = y 1720 = y 1-682 = y l-730 = y y = 1-712
y = 1-685 [2V=15 1(010)1 ^—

Pleochr. (2V = 25) (2V = 22) (2V = 29) C2V = 16) [2V = 22, H(OIO)] (2V = 22) y
= 1-698 [2V = 25 11(010)]

Optic 4 cf. augite X=Y = V. faint pink cf. augite X = Y = faint pink cf. augite Nil cf. augite

plane

1!
(oio)

Z = colourless

II (010) II (010)

Z = faint green ,

1 (010) (1(010); 1 (010) 1 (010) 1(010; H(OIO)
Av. Diam.

•

-2X -1 •3 X 2 •3 X -2 •6X -2 •3 X -2 •4X -2 -4X -3

ORTHO-
PYROXENES Comp.

2V
OF. 8— OF. 16

+ 83 to — 8i

OF. 22

— 71

OF. 22— OF. 26

— 72 to— 66

OF. 18 — OF. 22

— 11 to —71
OF. 18 —OF. 22

— 11 to —71
• • OF. 9 — OF. 21

+ 84 to —13
Pleoch. Nil to

X = rusty pink

Z = faint green

X = pink

Y = faint fawn

Z = faint green

X = rusty pink

Y = pale yellow

Z = faint green

cf., 2449 cf. 7961 X = pink

Y = faint green

Z = pale green

— — —- X = pink

Y = faint green

Z = pale green

- i ^~

Av. Diam. •4 X *3 m.m. -5 X -3 1 X -6 •4 X -4 •6 X -3 •8 X -4

OLIVINES Comp. Fa. 15 Fa. 18 Fa. 21 Fa. 12 Fa. 12 Fa. 12 Fa. 24 Fa. 19 Fa. 11 Fa. 21 Fa. 12 Fa. 11

2V — 88 — 87 — 86 + 89 + 89 + 89 — 85 — 87 + 87 — 86 + 89 + 88
Av. Diam. 1 X -7 m.m. •5 X -3 •8 X -6 •8 X -5 2X -3 •4X -3 •6 X -4 •25 X -2 •5 X -4 •3 X -25, etc. -6 X -4 -4 X -3

ANORTHOCLASE %
2V

5-2

— 51 to —59
Nil 2

— 42 to —52
2 2 4 Nil 4— 5

— 52

0-4 Nil 0-2 Nil 2

— 52

3

— 50

2



TABLE 3

SiO*

TiO,

Al*O a

FesO„

FeO

MnO

MgO

CaO

Na aO

K»0

HaO+

HaO-

PsOe

s

CraOa

Ba

1

47*98

0-90

13-79

0-7S

8-89

0-16

14-02

11-27

1-77

0*39

0-31

0-02

0-12

0-05

0*19

Nil

Chemical

2

48*61

0-82

13*35

1-72

9-13

0-14

12-71

9-67

2-02

0*44

1*06

0-22

0-24

Analyses

3

49*35

0*63

13*15

0*96

9*67

0-15

13-31

9-01

1-14

1-13

0-94

0*09

0-10

Nil

Nil

Nil

4

47-80

1-23

14*30

1-25

12-09

0-40

7-40

10*17

2-54

0-60

1*87

0-44

5

49-27

213

13-57

2-47

12-78

0-50

4-26

8-51

2-44

1-42

0-55

0-22

1-23

Norms

Etc. — 0-06 0-22 0*24 0*34

Totals 100*64 100-19 99*85 100*38 99*69

Q

OR

AB

AN

DI

HY

OL

MT

IL

AP

PY

CR

1

2-22

15-20

28-36

2-44

16-97

26-05

6*68

9*65

27-42

3-89

21-48

25-58

(WO 11-14 912
EN
Ifs

7-34 5-91

2-98 2*59

5

2-64

8-34

20-44

21-96

10*77

EN 3-75 10*80

FS 1*52 4-75

FO 16-81 10-54

FA 7-53 5-10

t-16 2-55

1-67 1*55

0-34 —

0-12 —
0*22 0-33

7-20 1

|4-54 V 20-72 -

2-21
| j

17*94 i
,

J
5*02 \ 24*

8-76) J

01

7*47
17-05

4-06 j

1-39 1-86

1*19 2*28

0*24 —

3-71

4*10

2-69

S.G. = 3-13

C.I.PAY. = IV, 1, 2, 3.

1. Olivine Bronzite-bearing Dolerite, Rock Hole, 19 miles E. Erna-
bella, Musgrave Ranges, Anal., A. F. Wilson. No. 7963.

2. Olivine Dolerite, Kranskop, Orange Free State (Frankel, 1943).

3. Olivine Dolerite, Filabusi Dist., S. Rhodesia (Ferguson, 1934).

4. Dolerite, Norseman, W. Aus. Anal., E. S. Simpson (Campbell 19%,
P. 119).

5. Quartz Dolerite, Mt. Holmes, W Aus.. Anal., Survey Lab
(Farquaharson, 1912, p. 49)

Modes* (by Volume)

1 2

Feldspar 34-3 32

Late Feldspar — 7

Pyroxene 45-6 42

Olivine 16-1 14

Accessories 4-0 5

*Modes of 3, 4 and 5

not available.
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i;ii A i'- "W. Olivine (Fall), showing
in.irkcfl skeletal ami "hexagonal"
I'm in under rioted niroK lm In

titoii.s niaiiiK* wy line pyroxene.
x '.U (>. 1

(>4».

(c) No. 7972. PlaKiocla.se,

zoned from Anorthitt
Andesine ( An 35)
is other mineral
x 40.

strongly
(An 91) to

Suhcaleic au^ite

Crossed nicols.

\ o. / yfii i
"

I ' i n m o s c py i oxene
Thi-. is abundant in I he dnlerite

which contains the "skeletal*' olivine.

The actcutav crystals may be seen

"sprouting" from larger clinopyi nv

enes toward tile base of the photo.

()rdinar\ Utfht, x oO.

Vo4. Clear anortlroclase (fig.

2) rimming Iabradorite (fresh

hut with abundant dusty inclusions).

Biotite, rimming magnetite, occurs
at bottom and top left. Long apa-
tite needle included in anorthoelase.

Pyroxene at top is euhedral augite;

and that on right and left is enstatite

rimmed with bronzite. Ordinary
light. x40.
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THE STRATIGRAPHY OF THE AITAPE SKULL AND ITS SIGNIFICANCE

By Paul S. Hossfeld

Summary

During April 1929, the writer was engaged on a geological survey of the northern slopes of the

Barida Range near Aitape, Northern New Guinea. A survey of the lower section of the Paniri Creek,

on 26 April, resulted in the discovery of several human skull fragments. On the completion, at the

end of 1929, of the geological surveys in New Guinea by the Anglo-Persian Oil Company, to which

the writer was attached as a geologist of the Australian Commonwealth Government, the skull

fragments were taken to Australia, and later deposited in the Australian Institute of Anatomy at

Canberra.
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THE STRATIGRAPHY OF THE AITAPE SKULL
AND ITS SIGNIFICANCE

By Paul S. Hossfeuj *

(Read 9 September 1948J

INTRODUCTION
During- April 1929, the writer was engaged on a geological survey of the

northern slopes? of the Barida Range near Aitape, Northern New Guinea. A
survey of the lower section of the Pauiri Creek, on 26 April, resulted in the

discovery of several human skull fragment?- On the completion, at the end d\

1929, of the geological surveys in .New Guinea by the Anglo-Persian Oil Com-
pany, to which the writer was attached as a geologist of the Australian Common-
wealth Government, the skull fragments were taken to Australia, and latcr

deposited in the Australian Institute of Anatomy at Canberra.
In a report by the Anglo-Persian Oil Company to the Commonwealth

Government (Na^on-Jones 1930) the discovery o£ the skull was referred to

briefly and the associated rocks and fossils described, Nothing more was done
until Fenner ( 1941 ) described the fragments and included a brief description
of the site as supplied by the finder, the present writer. The present paper has
been written in order to describe fully the stratigraphy of the location and its

possible significance to btunan prc-history,

The writer holds the opinion that the occurrence of human remains in Pleisto-

cene sediments in New Guinea, and the investigation of the relation of these

deposits to the Pleistocene4 Ice Age, may supply important evidence of the advent
of Man in Australia-

The region which will be described in some detail comprises that part of

northern. New Guinea which lies between the Dutch border on the west and the

settlement of Aitape on the east, and extends inland from the coa;>t to the foothills

of the Bevvaui and Torricelli Mountains,

TOPOGRAPHY
Within this region there exist three well-marked hill areas. The most

westerly extends into Dutch New Guinea and includes in its northern portion the

Oenake-Bougainvitle Massif. The central area extends inland from the Serra
I litis on the coast to the relatively low hills between the Bewani and Torricelh
Mountains. The most easterly area consists of the northern foothills of the
Torricelli Mountains and extends tier lb towards Aitape, from which it is

separated by a coastal si rip of swampy lowlancl.

Eetween these, hill areas the country consists of large areas of alluvium, eon

taining a large proportion of sago swamps.

The junction of the hill areas and alluvium is sharply defined and is probably
considerably less than 300 feet above sea-level. The hills rise steeply from the
:dluvium and attain heights of the order of 2,000 feet and over. The whole region

with its juvenile drainage and sharp differentiation of hills and plains presents
Lhe appearance of an area from which the sea has receded recently. This view
is supported by palaeontological and other evidence.

The western area of alluvium includes the ttoodplaju of the Neumayer River
and its tributaries, while the eastern area contains the floodplains of the Eliri.

Pteni, Yalingt and Raihu Rivers aud smaller streams and their distributaries.

* Geology Oeiurtnicnt, University of Adelaide.

1 ji,,. fV-.> - Slot:. S. A«a,, 72, (2), 31) March 1945.
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Fig- t

GEOLOGY
The three hill areas consist ot sediments belonging to the Lower Wanimo

Group, Finsch Coast Series, the Upper and Lower Aitapc Groups, and of the

Ocnake Series of igneous rocks. (Nason-Jones 1930,) The sediments range
in age from Pliocene to Oligocene and possibly Late. Eocene, while Hie igneous

rocks are probably of pre-Tertiary age.

These. Tertiary sediments exhibit steep folding and have developed complex
structures. It is upon the eroded surfaces of these highly folded rocks that the

gently dipping Pleistocene beds have been deposited.

The Pleistocene beds have been divided into two groups: (a) The Yaliugi

Scries; (b) The Upper Wanimo Group,

(a) The Yalinoi Series

These consist of beds of coarse pebbles and boulders, cemented in part, with
some interbedded thin argillaceous and arenaceous bands. They form a sub-

horizontal or gently dipping unconformable capping on the older rocks and are
developed chiefly in the Upper Nengo-Yalin»i River area. Although subsequent
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dissection lias broken the former continuity of this 'sheet" in many place:?, •*>

former extent as a fluviatile outwash deposit on a gently sloping relatively evui

surface can be recognised (Nason-Joncs 1930)

(1>) Tun Uphick Wanimo Group

'J'his consists of a calcareous and an argillaceous faciei, Jn general, the beds

pf this group outcrop along the intersection of the HID areas and the coastal

alluvial plains, and their inland continuations at elevations above sea-level

estimated in mosi instances not to exceed 200 feet. The lew isolated high level

occurrences, observed present anomalous features suggesting fault movements and

local elevation.

The general picture is that of telatively thin deposits fringing an old coast

hue which is marked by the lower slopes of the hill areas described above. The

beds dip gently up to five or six degrees away from tfepsfc areas and disappear

under the alluvium of the plains. The soil cover and luxuriant vegeiation limit

the outcrops of these beds to the banks of streams. In these, the beds occur only

near the. junction of the hill areas and the plains. These beds exhibit no evidence

of folding, the only earth movements in which they appear lo have participaUd

being those due to faulting, which are local in character wherever observed.

As a rule, the calcareous facies is developed wherever the. rocks of the hill

area consist of calcareous or igneous material, and the argillaceous facies wherever

the blue rnudstones (bent oniric in part) of the Lower "Wanimo and f/insch Coas,

Series supplied the detrital material.

The argillaceous facies in which the human remains were discovered consists

of blue rnudstones and siltstotics interbedded with some more arenaceous bed*v

and containing a few richly fossil iferous horizons.

Current bedding was noted but is not a general feature. The beds are

characterised throughout by the occurrence of broad zones containing partly

carbonized driftwood and other hard plant remains distributed irregularK

through the zones. The abundance of this driftwood, the presence of current

bedding and lenticular beds, and the recognition of fossil shells of fresh Sfitl

brackish water and marine forms indicates the close proximity of a former shore

line to a shallow sea, or alternatively, deltaic conditions. The origin of these bedv-

as deltaic: sediments, except in restricted areas, is discounted by their apparent

continuity as deposits fringing the former coastline.

The opinion that these beds originated under shallow watci conditions in

quiet backwaters in which estuarine and marine deposits were intermingled, and
the author's long association with anthropology, led to the close examination of

the beds for human and animal remains, when and where this did not detract

materially from the primary objective of the Survey, the geographical and

geological mapping of the area for its petroleum potentialities. All such examina-

tions of these Pleistocene deposits had therefore to be brief, and the author con-

siders; himself fortunate that despite the incompleteness of the examination, which

should have occupied months instead of the few hours that could be devoted U)

it, the search was rewarded by the discovery of the human skull fragments.

The examination of a section of these beds exposed in a cliff face forming

the bank of the Pattiri Creek just above its junction with the Kiyen Creek,

showed a completely undisturbed layer of fossil shells dipping gently in ;»

nurtherly direction. The close examination of as much material as was possible

in the lime available—about four hours—resulted in the. discovery of the skulf

fragments and a carbonized fossil fruit resembling a coconut, and the collection

of a number of shells and material containing fnrammiferal remains. The skull

fragments were obtained at a level approximately four feet below the eroded

upper surface of the formation, oi which a total thickness of 10 feel is exposed

in this section.



:04

The eroded upper surface of this formation is overlain by coarse gravel beds,

twelve feet m thickness, which immediately underlie the subsoil, soil and primary

forest cover.* 1}

SECTION OF BANK OF LOWER PANIRI CREEK

oi a s j a 20 FEET ^-|

1% 2

The whole of this sequence is exposed in the cliff face forming the site of

the discovery and is reproduced in the section included in the text.

While a search of the site failed to disclose any other remains either human

or animal this search was by no means exhaustive. Further, the occurrence of

outcrops of this formation in numerous places, which could be given only a brief

examination as well as their recorded occurrence outside the areas surveyed by

the author, suggest the necessity for their detailed examination for human and

animal remains, tin examination that was not within the scope oj the petroleum

survey during which the discovery was made.

The skull fragments have been described in detail by Fenner (1941). and

the associated fossils by the Commonwealth Palaeontologist, see Nason-Jones

f 1930), and by B. C. Cotton, see Fenner ( 1941 ). While there is some discrepancy

in the two lists of species identified, due partly perhaps to the fact that two

separate lots were examined, both writers agree that the fossil suite exhibits

forms of fresh and brackish water and marine species.

The collection of fossils submitted to the Commonwealth Palaeontologist,

whose identifications are quoted below (Nason-Jones 1930), included, it was

C1) Through an error, for which the present writer is responsible, the information

supplied to Fenner gave the thickness of the gravel beds as 6 ft.
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believed, all the types represented, and was ihe main collection. The collection

retained by ihe present writer and examined later by Cotton (Fenner 1941) con-
tained, it was thought, only such types as were duplicated.

The following fossils, obtained from this site by the present writer, arc listed

by Nason-Jones (1930):—

Pelecyi»ooa—
Area nodosa Paphia all. alba

cL Erycina sp. Placenta ma)idira)Ujancnsis
Gasteuopeda—

Neritlna sp. Mclania denisonictisis

Mclania tvoodxetirdi Mclania scab-ra

FORAMINIFERA^
Cibicidas praecinetus Heterostcgina sp.

Cristellaria orbicularis Operctdinella veiiosa

Cristellaria cnltraia Opcrculina granulosa
Cristellaria calcarota Pnlyslomclla craiiculata

Eponides lumidns Quinqttcloeulina lamarckiana
Eponides procera Ralalia sp. nov.
Epistomina elegans Rotalia schrovteriana

Globigcrina triloba Rotalia papulosa

Cotton (Fenner 1941) lists the following fossils in the lot examined by hinr

which too was collected at the site by the present writer :

—

Area (Tcgttlarea) granosa Linn. Cyclophorus sp.

Telcscopium- fuscum Schumacher Mclania- cf. juncea Lea
Papitina sp. ; Land Shell Mclania cf. recta Lea
Ncrilina cornea Linn. Mclania cf. canalicidata Reeve
Neritina soitverhiana- Montrouzier Cyrrna coaxans Gmelin
Laoma sp.

The fossil fruit was submitted to Professor T, G. B. Osborn, at that time

Professor of Hotany at the University of Sydney. A report on the examination

was forwarded to the writer and the following is a summary of Professor
Osborn's conclusions,

"Morphologically this palm fruit closely resembles that of ('ocos nucifera,

the coconut. Its drupaceous unilocular character places it close to Cocos in the

Cocoineae secuou of the Palmaceae. Its large size is also characteristic of the

fruit of the coconut palm. Anatomically it also shows a strong resemblance to

Cocos nucifera"
As stated above, the argillaceous deposits included in the Upper Wanimo

Group occur on the lower slopes of the hill areas near their intersection with the
alluvial plains, and lie unconformably upon the eroded surfaces of the stecplv

folded rocks ranging from Pliocene to the older Tertiary in age. In the Baricia

Range area they were observed in all the streams draining that range, both on
the northern and seaward slopes as well as on the southern slopes facing the

Mene-Eliri River rloodplain, and parallel to the valley sides of those two streams.
They were recognised also on the southern and inland slopes of the Oenak^

Range facing the Pual-Ncumayer Plain, arid to a less extent on the northern and
seaward slopes of that range.

DISCUSSION
A review of the literature dealing with the island of New Guinea indicate*

that argillaceous and calcareous deposits referable to this formation have been
observed in many localities presenting similar topographic features. These
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Pleistocene deposits will lie referred to in detail ill & paper which is in course fcB

preparation. Various observers are in agreement- that these deposits and the

enormous -areas of juvenile drainage characteristic of the island of New G'.uuea

indicate recent emergence ot* the land and hence elevation. It t£ true thai

numerous localities are known where differential rOOVWWlt has takru place. How-
ever, the occurrence at intervals around the island of coastal plains with their

abrupi transition to hill amis, and the wide distribution of shallow water deposit
nyl muds and silt fringing the hill areas, would necessitate, if elevation of the laud

he postulated, the upward movement of the whole of the island of Ww Guinea

as a block.

The writer is tumble to accept this hypothesis and believes that alternation.--

iu sea-level supply the correct explanation for the regional character oF these

topographic and stratigrnplnc features.

Alternations in sea-level have been due to various cau.se>. In discussing

marine sediments and features of Pleistocene age, however, the effects of the

generally accepted fluctuations in sea-level during the Pleistocene Ice Age writ
fir.gt consideraiiou. In the writer's opinion such fluctuations- can and do explain
satisfactorily the. topographic and strafigrapbic teatures discussed above

It is suggested as probable that the upper limii oT transgression { the beds
of the Upper Wanimo Group, where the heights above sea-level of such limits

are consistent over a sufficiently large area, marks the upper limit of transgression

of the Pleistocene Ocean prior to the coirimcncentent of the First Glacial Period.

Jf riiis is accepted, the first retreat marks the commencement of the Picnic
cene Ice Age. In the locality discussed in detail, fluctuations and subsequent
advances and retreats of the sea arc masked by the extensive alluvial depuiir-

llowever. the observed erosion surface on the upper surface of the argillaceous

Jacies of the Upper Wanimo Group and deposition thereon of water-sorted Brav^ts
cuggest the return of the sea to its original limits, and such return could per/baps

be correlated with the First Interglacial Period,

It might be argued that the postulated successive advances and recessions of

sea-level during the Pleistocene Ice Age could account for the varied environment
of the fossil tauna of the Paniri Greek deposit, The deposit, however, exhibits

no evidence of any break in deposition from ils has*- where it rests unconformable
on the Fmsch Coast Series, to its upper eroded surface on which lie the gravel

and boulder beds. Further, although the Tr^sd shells and fomminifcra. exhibit

a varied environment, all of them were obtained from the uarrow zone indicated

in the accompanying section. It is obvious, therefore, that if successive advances
of the sea occurred, sea-level rose to its original height only once, at the sia^e

during which the upper parts of the deposit were eroded, or alternatively, if a

number of advance* of the sea occurred, al! evidence ot previous transgressions
except that of the lawr two has been removed completely, it such were the case,

then the deposits in question could have been laid down at a late stage of the
Pleistocene. Further research may permit pf a decision being made, but if the

latter supposition should prove to be correct, then the writer's view that these
deposits date back to Early Pleistocene obviously cannot be maintained.

The writer desires to point out r however, that should M be possible to
correlate the initial retreat of the sea due to the commencement of the Pleisto-

cene Ice Age with the upper limits of die Waniuio Group, the occurrence ot
human remains with Ausrraloid affinities in these bed*; would prove the existence
of Man m New Guinea prior to the commencement of the Ice Age. It would
follow that Man,, even if he had no knowledge of sea travel, could have entered
Australia as soon as ilir increase in the amount of glaciatiori had lowered sea-level

sufficiently for him to cross the present Tones Strait over narrow and shallow



stretches of water. Even should further research place these beds higher in the

Pleistocene sequence than postulated by the writer, their dating, if this he found

possible, will have an important hearing on the date of the entry into Australia

of Australoid Man,

The emphasis placed on the argillaceous facies rather than on the calcareous

fades of the Upper Wanimo Group is due to the greater amount of information

supplied by the former and the difficulty in many instances of determining by feM
examination the age of the calcareous deposits.

A study of both facies will be necessary if further work in the directions

indicated is undertaken.

The widespread occurrences of the argillaceous beds. however» and the pos-

sible occurrence in them of animal and human remains, suggests the importance

of a detailed examination of all the accessible deposits of this formation not only

in New Guinea, but also the search for them in adjacent islands.

SUMMARY
This paper describes in detail the occurrence inland from Aitape, in Northern

New Guinea, of fossil human skull fragments embedded in and contemporaneous

with deposits of Pleistocene Age. In the writer's opinion, it may be possible to

correlate the upper beds of these deposits with the commencement of the Pleisto-

cene Ice Age and to date them therefore as Early Pleistocene, but much more

research is necessary before such a correlation can be accepted. It is pointed

out also that the widespread occurrence of such deposits in New Guinea (and

probably in adjacent islands) offers a promising field for such research. Any

positive evidence which would assist the dating of these deposits would affect

materially the views held of the time of Australoid Man's entry to Australia.
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ON SOME REPTILES AND AMPHIBIANS FROM THE NORTHERN
TERRITORY

By Arthur Loveridge

Summary

In herpetological literature of a century ago Port Darwin and Port Essington frequently appeared as

type localities of considerable importance. Since those days relatively little has been added to our

knowledge of the herpetofauna of Australia's Northern Territory. It was, therefore, with

considerable satisfaction that the Museum of Comparative Zoology at Harvard University received

part of the collections made during 1944 and 1945 by Mr. T. R. Tovell of the Australian Imperial

Force, particularly so as it contained half-a-dozen species unrepresented in the museum's collection,

of which one - Typhlops tovelli - had to be described as new.
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CN SOME REPTILES AND AMPHIBIANS FROM THE
NORTHERN TERRITORY

By Arthur Loveridok u>

(Coinmttuteaied by H. Womersley)

In herpetologicai literature of a century ago Port Darwin and Port EJa&lig-

l<Ui frequently appeared as type localities of considerable importance. Since those

days relatively little has been added to our knowledge, of the hcrpetofauna of

Australia's Northern Territory. It was, therefore, with considerable satisfaction

that the Museum of Comparative Zoology at Harvard University received part

of the collections made during 1944 and 1945 by Mr. T. R. Tovell of the Aus-

tralian Imperial Force, particularly so as it contained half-a-dozen species un-

represented in the museum's collection, of which one

—

Typhlops fovcili—had to

be described as new.

Unfortunately, the data accompanying the first consignment was not too

precise. Subsequently, Mr. Tovell kindly supplied mc with the following-

information about the localities which had originally been summarised at "near

Darwin H
.

They are tfatchelor, at about 60 miles south of Darwin; l.erritna and

Knuckey's Lagoon, about 9 miles: Koonowarra. about 7 miles; and Noonamah,
about 24 miles south of Darwin.

Tyiuilops tovisllj (Loveridge)

Typhlops lovclll l.overidge, 1945, Proc. Hiol. Soc. Washington, 58, 111:

Koonowarra Sports Ground, Northern Territory, Australia.

2 (M.C.Z. 48844-5), Koonowarra Sports Ground.

Midbody scale rows 20; snout rounded, nasal cleft proceeding from preoc.ular.

Diameters included in total length 36-40 times. Total length, 122 (118*5 +
3*5) mm.

TYPiiLors GUKNfn-Em Peters

Typhlops (Onychocepfmhts) guenthcri Peters. 1865, Monatsb, Akad. Wiss.

Kcrlin, 259, pi. . fig. 1 : Northern Australia.

1 (M.C.Z. 48843), Batchelor.

Midbody scale-rows 18; snout rounded; nasal cleft proceeding from second

labial. Diameter 2*75 mm., included in total length 63 times. Total length

175 (172-5 + 2*5) mm.
This blind snake appears to bo closely related to T. xvhdii Peters of Brisbane,

Queensland. It would be interesting to know whether this black-tailed species

carries the tail, upraised hke a false head, after the manner of the Asiatic Maikora,
die African ChUorhmaphU, the American Apostolcpis, etc.

Natrix mairii -mauui (Gray)

Tropidonohis mairii Gray, 1841, in Grey, Journ. Kxpeti. West Australia,

2, 442 : Australia.

11 hatchings (M.C.Z. 48851-61), Wumeliie near Darwin.

Midbody scale-rows 15; ventrals 136-146; anals 2; subcaudals 56-61 ; upper

labials 8, the third, fourth and fifth entering ihe orbil. except on right side of

M.C.Z. 48858 where third and fourth are fused resulting in 7 labials; lower

labials 8, the first five in contact with the anterior chin shield; preoculars 1,

(
3

'f Museum of Comparative Zoology, Cambridge, Mass., U.S.A.

I r.ui«. li.-.y. Soc. S, fafe, 72, (2), 3fi March 1949.

i:
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except on left side of M.C.Z. 48859 where there are 2; postoculars 3. Total

length about 187 (147 + 40) mm,
These eleven young were taken from a batch of twelve eggs, one of which

had already hatched, found about 20 April, i.e., at the beginning of the dry season.

beneath a pile of rubbish. When found sonic eggs were single, others slight Iv

cemented together in twos or threes. They measured approximately 25 x lf> mm
(T. R T).

Trinomials are necessary since ihe separation by P.iongersma ( 1948) oi \i

well-defined race in Dutch New Guinea.

Ckiuikkos fcY£Cttpt*« AUbTKALis (Gray)

Ho/nolopsis austratis Gray, 1842. Zool. Misc., 65: Port Essington. Northern
Territory, Australia.

9 9 (M.C.Z- ) 48846. 48862), Fanny Day aboui. l\ miles from Darwin.
Midbody scale-rows 23-25; vcntrals 143-144; anals 2; subcaudals 4M-5I !

nostril cleft in contact with second labial; upper labials 8-10; separated fvirr

orbit by suboculars; 3-4 lower labials in contact wiih an anterior chin shield.

Larger" 9 (M.C.Z. 48862), 587 (486 ± 101) mm.
One was found lying at the bottom of a salt pan (Tl K. T.). That C?rb?ru>,

and not Hurria, is the correct name for these water snakes was pointed out by
Malculru Smith (1930), and that rynchops, not yhynchops, was Schneider's
original spelling by Loveridge (1948) when describing a new race and providing
a key ro rhe genus.

AsriDOMORPHus Christieanus (Fry)

Pswutclaps christt'eaiiits Fry, 1915, Proc. Roy. Soc. Queensland. 27, 91, fig. -V

Fort Darwin. Northern Territory, Australia.

9 (M.C.Z. 48847), near Danyitn
Midbody scale-rows 17; vcntrals 195; anals 2; subcaudals 47; labials 7.

third and fourth entering the orbit. Total length 350 (300 -f 50) nun.
This gravid 9

,
which carries three eggs each measuring about 26 x 6 mm..

has more vcntrals and fewer subcaudals than the. topotype $ already in our
collection. That Pscudclaps of Dumeril is a synonym of Aspidamorpkus has
been shown by Brongcrsma (1934, Zool. Med. Mus. Leiden, 17, 224).

Demansia psamvkjpuis (Schlegel)

Elaps psammopltis Schlegel. 1837, Pbys. Serp., 2, 455: Australia. Elapo
ccphahts arititiia>ps Macleay, 1878, Proc, Linn. Soc. N-S.W-, 2, 221 : Port Dar-
win, Northern Territory, Australia.

8 9 (M.C.Z. 48848-9), Batcbebr and Bcrrima.
Midbody scale-rows 15; ventrals 180-181; auals 2: subcaudals 70 (2)

-91 ( o ) pairs; upper labials 6, the third and fourth entering the orbit. Total

length of | (M.C.Z. 48848) ,290 (232 -f- 58) mm.
The head of the young 9 is black above and scarcely distinct from the deep

black nuchal bar; the. body is fawn, each scale with a somewhat paler edge. The
head of the older S is olive with the markings described by Macleay.

1 follow Kinghora (1942, 118). who has had the advantage of examining
much more material, in relegating oruttficcps, of wluch these specimens are almost
topotypes, to the synonymy. However, the name proposed by Macleay riras

Eiapocephalus, not hlapofpiai/ius as cited by Kinghorn. Kiughom's conclusion

appears to have been based largely on the highly variable colouration, known to
change with age, 1 would suggest the possibility of a northern race with moie
numerous subcaudals for which the name olivacca Gray, 1842* would be available.

If the Australian Museum's materia) could be sexed and arranged geographically

to supplement that furnished by Bouleuger ( 189(S, 322-324), while ignoring
lloulengcrs arrangement based on colour, the point might be settled.
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DliMAKSTA TEXTILIS NUCHAT-IS (Guilther)

Pscndonaja nuchdis Giinther, 1858, Cat. Snakes Krit. Mus., 3, 227: Port

Essington, Northern Territory, Australia.

t (M.C.Z, 48850), near Noonamah.
Midbody scale-rows 17; ventrals 197; anals 2; suhcaudals 63+ pairs; upper

labials 6 7 (left and right), the third and fourth entering the orbit. Total length

of s, 1130+ (940+ 190+) mm.

HetiiRonota riKvoKi Gray

HcterauoLa binoci Gray, 1845, Cat. Liz. Brit. Mas., 174; lloutman's Abrolhos,

Western Australia,

18 (M.C.Z, 48801-6), Batchelor or Berrima.

Dorsal tubercles keeled, in 12-16 row*, usually 14; preanal pores of eight

males 4-5. Largest & (M.C.Z. 48801), 105 (4S-|-57) mm.
By day these geckos hide under any object not of tin Or iron, the heat of

which is too great during the noon hours (T. R. T.).

Dll'LODACTVrLUS SI'JMIGEKL'S C1UARLS Boulengcr

Diplodaclyhfs ciliarfs Boulengcr, 1885, Cat. Liz. Tint. Mus., L 98, pi. vifi,

fig. 2: Port Darwin, Northern Territory, Australia.

Juv. (M.C.Z. 48807), near Darwin,

Dorsal tubercles (lai. forming 2 ill-defined rows j no pores. Lengll^ 53

(32+ 21) mm.
Oni*URA khomuifkr Gray

Oedura rhomh'tfer Gray, 1844, Zoo!. Erebus & Terror
?
Kept, pi. xvu fig. 6:

Australia.

% ( M.C.Z. ). near Darwin.
Dorsals granular, small; femoral pores 12 4- 12, being- separated in preanal

region by five scales; tail depressed, oval. Length 87 (43 -\- 44) mm.
The shape of the tail conflicts with Boulenger's redescription and conforms

to what has been noted by Kmghorn (1942, 120).

Since the separation of the African geckos under the name of Afrocduru
(Luveridge, 1944), the range of Oedura is restricted to the Australian region.

GtvFJYRA VAKJEtlATA AUSTRAUS Gray
Gchyra ausftalis Gray, 1845, Cat. Li/-. Hrit, Mus., 163: Port Essington and

Swan River, Australia.

$ 2 (MX'.Z, 48864-5), near Darwin.

Dorsals granular, small; preanal pores 14 in male; scansors not separated

by a median groove. Length of $ . 124 (62 -\- 62) mm.; 9 , 109 (5i 4- 56) nun.

Taken in an old building at McMillan's (T. 11, T.). Gchyra (part) Gray,

1834, antedates the use of Perupns Wicgmann, 1835, for this genus.

DjroinpHORA gh.ineata Gray
Diporiphora bilnwafa Gray., 1842, Zoo!. Misc., 54: Fort Essingion, Northern

Territory, Australia.

5 (M.C.Z. 48808-11), Batchclor or Berrima,

Gular fold absent
;
preanal pores 2 in male ; tail twice the length of head and

body. Length of & (M.C.Z. 4880S), 179 (52 ~ 127) mm. ; 9 (M.C.Z. 48809),
166' (55 -fill) mm.

Tjuqua scincotwcs sctkcotdt.s (Shaw)

Laccra scincoides Shaw, 1790, in White, Journ. Voyage N.S.W- App,, 242,

ph : New South Wales.

Juv. (M.C.Z. 48817), Berrima.
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Midbody scale-rows 36; anterior temporal as long- as interparietal; forelimb

shorter than head and contained about twice in distance from axilla to groin.

Length, 154 (102 -j- 52) mm.
In view of its small size the proportions of this skink are interesting for com-

parison with those of the New Guinea race

—

T. s. (jigas (Schneider).

LYGOSOMA ( SPilliNOMO-RFHUS) TAENIOLATUM TAEX1UI.ATU-M ( iStutw)

Lacei-ta toCuiolola Shaw. 1790, in White, Journ. Voyage N.S.W., App.. 245,
pi. xxxii, fi«- 1 : New South Wales,

3 (M.C.Z. 48818-20), Latehelor or Berrima.
Midbody scale-rows 24-26; prefrontals separated. All three are immature.

Owing to the finding's of Malcolm Smith (1937, 213). Sphenomorphia and
Lciolopisnut are relegated with some misgivings to their former status of sub-

genera or> as Smith prefers to call them, "sections".

Lygosoma f Spuenomorpiil'S) nsurERj Tloulenger

Lygasoma fiscJuui TWlenger, 1887, Cat. Liz. Brit. Mus., 3, 228;; n.n. for

L. mueUeri Fischer (preoc), 1882, Arch. Naturg.. 295, pi. xvi. tig. 16-19: Nieoi

Hay, Western Australia.

2 (M.C.Z. 48821-2), Hatehelor or Bcrrima.
Midhody scale-rows 30; prefrontals separated ; colouring characteristic

Length of 2 , 143 (49 +94) mm.
Encysted nematodes are numerous on external surface of stomach.

Lycosclma (Spitii.vomorphus) isou-rrrs isouirts Houlenger

Lygasoma isolcpis Roulenger, 1887, Cat. Li2 Brit. Mus., 3, 234, pi. xv, ftg\ I .

Nicol .Hay and Swan River. Western Australia.

9 (M.C.Z. 48823), Batchelor or Bcrrima.
Midhody scale-rows 30; lamellae beneath fourth toe 23. Length of 9

t
149

(72 ~\~77) mm., hut tail-tip regenerated.

Agreeing \\\ all respects with the typical form rather than with L. i. forrcsh
Kinghorn (1932T 358), this gra.vid £ holds four eggs measuring about 12 x 7 mm

Lvgosoma (Lejolopisma) pectokale (I.)eVis)

Hcicropus pvcloralk lie Vis, 1885, Proc. Roy. Soc. QId„ 1, 169: Warro,
Port Curtis, Queensland.

14 (M.C.Z, 48826-36), Batche.lor or Berrima.
Midbody scale-rows 26-32; lamellae beneath fourth toe 19-27, in one specimen

there arc 24" on the right and 27 on the left toe. Utrgest & (M.C.Z. 48826).
118 (41 +77) mm.

In addition there were to damaged examples from same scries or "near

Darwin", which were not retained. At! but two of them were of the strongly

keeled pectarale type, two others with dark throats represent the synonym
ttmuduni De Vis (1885), their dorsal scales being almost smooth yet faintly

tricarinate dorso-Iaterally.

.A large specimen was recovered from the stomach of a Lialis hurtonU. lx\

the axilla of another of these skinks were some mites (Trouibicnla sp. n.) 3 for

whose identification I am indebted to Mr. H. Womersley of the South Australian

Museum. The species will be described in Mr. VVomcrs1ey
?

s forthcoming
monograph.

Lvgoso.ma (Lvgosoma) puxctclaTum Peters

Lygosc/ma punciuiatuui Peters, 1871. Monatsh. Akad. Wiss. Berlin, 646,

pi. , fig, 5: Port Bowem Queensland.
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1 (M.C.Z. 48866)', Wimicllic, near Darwin.

Midbody scale-rows 20; dibits 5; toes 5; lamellae beneath fourth toe 14.

Length 118 (44+ 74) mm.
In life brown with a coppery sheen (T. R. T.).

Lygosoma ( Lygosoma ) PtjJH ilium Boulcnger

Lygosoma pumiHum Boulenger, 1887, Cat. Liz, Brit Mils.. 3, 325: Cape

York, Queensland.

2 (M.C.Z. 48834-5), Ratchelor or P.errlma.

Midbody scale-rows 20; dibits 5; toe? 5; lamellae beneath fonnh toe 18-19-

Larger measures 91 (41 -(-50) mm.
The alleged difference in relative .size of nostril and ear-opening between

pnmilimn and punctulatimt is not apparent. L. pumillum seems to be closely

related to crassiemtdnm which Malcolm Smith • I 1937, 322) refers to Irs new-

section Ictiscincus,

AlSLEPHAKXJS HOtrrONlT METALL1CUS BoillengCr

Ablcpharus boutonii van mctalVicns Boulenger, 1887, Cat. Liz. Brit. Mus..

3,347: North Australia.

4 (MC.Z. 4SX]7, 48867), Batchelor or licrriina.

Midbody scale-rows 22-24; lamellae beneath fonnh toe 17-20. Largest only

measures 93 (38-}- 55) mm.
In life iridescent grey with black markings. Found on trees and posts, not

under logs or in grass- A very active skink (T. R. T.).

ABr.EPTtARUs T.JNEOOCHU.ATL-S li ^eoockllatus Dumeril and Bibron

Ablephants Unco-occllatus IXimeril and Bibron. 183°*, Hrpet. Gcn.
r 5, 817:

Australia.

5 (ALC-Z. 48838-42), Batchelor or Berrima.

Midbody scale-rows 24-26; lamellae beneaih fourth toe 17-18; supranasa's

absent. All young, the smallest only 29 Jr (14+ IS+) nt^, its tail-tip missing. Tins

little snake-eyed skink disgorged a spider.

Dei.ma fkaser! fkaseki Gray

Dclma fraseri Gray, 1831, Zool, Misc., 14; Western Australia.

4 (M.C.Z. 48812-5), Baichelor or Berrinia,

Snout as long as, or longer than,- the distance between eye and car;

frontonasals in 2 pairs ; fourth labial below eye ; midbody scale-rows 10

;

anals 3, except in M.C.Z. 48814, where the wedge-shaped central scale fails lo

reach the anal border. Largest measures 75 mm. from snout to arms, tail missing.

All taken beneath rocks; quite common in this area (T. R« T.),

LtAUs injRTOKis Gray

Lialis burtonisGniy. 1834, Proc Zook Soc, London, 134: New Soinh WaWs.
2 (M.C.Z. 48816), Berrima.

Rostral twice as broad as high; upper labials 14; prcanai pores 4; colour

form punctulatu. Length of 9 , 260 (200 + 60) mm., but tail regenerating.

The oviducts of this gravid 9 held two undeveloped eggs measuring about

20 x 12 mm. In its stomach is a skink (Lygosoma perforate) measuring 49 mm.
from snout to anus.

CVCLOKANA AT7STRALLS (Gray)

Alylcs ausiralis Gray, 1842, ZooL MiscM 56: North coast of Australia, i.e..

Port Essinglon, Norlhcrn Territory, Australia.

2 (M.C.Z. 26002), McMillans near Darwin.
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These juvenile forms are so shrivelled by immersion in strong formalin that

their habits might be described as "slender''. j,c.
t

in this respect referable tu

alboguttatus (Giinther) of TarkerV: (1940, 16) key, which differentiates ihc two
species as follows

;

Zygomatic process 01 the squamosal heavily sculptured and
forming a broad suture with the maxilla, Habitus stout .,,. .... australix

Zygomatic process not sculptured and separated from the
maxilla, or only very narrowly in contact with il. T labium
blender -. -„ ..

r alfa>i/ul talus

Bnt Parker (1940, 20) is mistaken in referring pan of my (1935, 13)
albogutiatus in the synonymy of ausfralls and suggesting that the frog ('M.C.Z-

11647) from Alexandra (not Alexandria), Northern Territory, is really un
attslralis. it is true that the frog was received from the British Museum in 1925

a* "Phractups aitstmlis" (presumably identified by iJouleuger), but both in zygo-

matic structure and colour pattern it agrees with alhogtittutus. That the TViUsh
Museum skeleton of another frog taken at Alexandra by the same collecto 1

happen? to be aiisfralis is interesting, for Parker records both species as occurring

at Port Denisou, Queensland. Despite their close relationship the two species arc-

quite distinct.

The larger frog measured 45 mm. and was taken m a ditch of stagnant water
about six miles north of Darwin, the smaller was in sand behind the beach at

Lee Point about ten miles north of the town (T. R. T.).

Li jin*on

v

nwstes co^exiusculus (Macleay)

fianasfcr cojwcxuischIus Macleay, 1828, Proc Linn Soc. N.SAV-, 2, 135 T ;

Katow, 'i.e., Einaturi River, Dutch New Guinea.

5 (M.C.Z. 26003-7), near Darwin.
Vomerine teeth extending well beyond lateral borders of ehoanac; first and

second ringers subeqttal; inner metacarpal tubercle slightly longer than the second":

a single metatai>al tubercle which is not shovel-shaped. Largest (M.C.Z. 26003).
measures 50 nun.

In life. Above, marbled with black and grey; the spots sometimes finch

edged with white. Below, white vermiculated (with brown). ("1\ R. T.)

This species has been recorded already from Darwin by Parker (1940, 54).

As he has seen the type of L. olivaccus De Vis. which he refers to the synonymy of

ronvcriuscuhts, it must be assumed that De Vis' description of olivaceits as having
two metatarsal tubercles is erroneous, Parker is quite correct in concluding my
t 1935, 19) L. salmJni Steindaehner is- a composite, for both Queensland f ro^s

{;

M.C.Z, 3610. 362.3) conform to his new definition of convert use til its.

Ui'KRoi.rjA rucosa ( Ander.-son )

Pseitdcphryuc rngosa Andersson, 1916, Svenska Vetensk.-Aka. IfandL, 52,

Xo. 9, 31 ;
pL i. fig. 4: Colosseum, southern Queensland.

1 ( M.C.Z. 25991 )
, Noonamah,

It correctly identified, this 123 mm. juvenile is the first example of ntgosa to

he recorded from the Northern Territory. Also- the first oi its species in the

Museum of Comparative Zoology, for 1 ( 1935, 31) erred in making ntgosa a sub-
species of marworafa and the five frogs then referred to U. m. nufosa are simply
luarmorata. As the ranges are largely co-extensive. Parker (1940, 70) did not

detect my mistake and the chation on his p.. 70 should be transferred to p. 69.

CrTXTA SIGNIt--HRA SlGNTl-iiRA Gifard

Crhiia (Rtwidrlla) sitfnifcra Chard, 1853, Proc. Acad. Nat. Sci- Philadelphia.

6, 421 ; "New Holland," i.e., Australia.
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8 (M.C.Z, 35999-26000) Knuekey's Lagoon.

All are juvenile, the largest measuring only 12 mm. Six of them were taken

beneath a pandanus trunk (T. R. T-V
This is the form to which Darwin frogs are referred by Parker (1940, 87),

whose synonymizing of my 1935 references is probably correct, for T utilised

or stressed other characters in defining the species of this difficult genus which

he has so thoroughh revised.

H\i.\ caerth.ea ( Shaw
')

Itana ccternlca Shaw, in While, Journ. Voyage N.SAV, App., 24.H, pi, ;

New South Wales.
4 (M.C.Z. 25992 3), Lemma.

Vomerine teeth between the posterior borders of the choanae. from which

ihcy are well separated: head as long as, or shorter than, broad ; snout once and

a half as long as eye; tympanum two-thirds to seven-eighths the orbital diameter;

outer finger half webbed; heel of adpressed hitid limb reaches the tympanum or

eye. Length of £ (M.C.Z. 25992),, 72 mm,, of 9 , 74 mm.
The largest was taken at night on rocky ground, the others between sheets

of galvanised iron ai Larrakeyah Barracks (T. II. T.)>

Hyla kubulla Gray

llyla rubella Gray, 1842, Zool. Misc., 57: Ton Lssington, Northern Terri-

Un\\ Australia.

5 (M.CZ. 23998), Knuckey's Lagoon.

Vomerine teeth between trie posterior borders of the choanae: head lunger

than broad; snoul once and a half as long as eye; lympanum two-thirds the orbital

diameter; outer linger without web; heel of adpressed hind limb reaches shoulder.

Length of gravid 9 , 52 mm.

Hvj.A aurea (Lesson)

Jfmia nurva Lesson. 1830, Zool. in Duperrcy, Voyage aurour dtt Monde
. . . sur ... La Coquille. 2, 60, pi. vii. fig. 2: Maequarrie and Pjathurst Rivers,

.\c\v South Wale*.

5 (M.C.Z. 25994-5), Knuckcy's Lagoon,

Vomerine teeth between the choanae; head as long as, or longer than, broad;

snout once and a half a* long as eye; tympanum three-quarters of, or equal to, the

orbital diameter; oiucr finger without web. Too shrivelled to be worth

measuring.

J Ivla xasuta (Gray)

Pclodyies nusitia Gray. 1842. Zool. Misc.. 56: Port Essington, Northern
Territory. Australia.

2 (M.CZ. 26001), near Darwin.

Vomerine teeth between the choanae; head much longer than broad; snout

twice a-* long as the eye; tympanum seven-eighths, or equal to, the orbital diameter;

outer finger without web; heel of the adpressed hind limb reaches beyond tip of

snout. Larger measures 43 mm.
In life greenish-black with a broad brown stripe down centre of back. Found

among leaves after burning" or spear grass at McMillan's, about six miles from
!);ir\vin (T. TL T.).
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THE ECOLOGY OF THE WESTERN CLARE HILLS, SOUTH AUSTRALIA

By C. D. Boomsma

Summary

The object of this paper is to describe the ecology of the E. macrorryncha and related associations,

since little has been published on its occurrence in South Australia. A description of a fibrous-

barked eucalypt in a personal communication by Mr. C. B. Scarfe led to a field examination in the

Clare district. The eucalypt was located and it proved to be E. macrorryncha, thus constituting a re-

discovery, since Tate records it for this district in his notebook in 1889, which is the same as his

Adelaide district in hi Flora of South Australia of 1890. Later, in 1907, Maiden (6) briefly

acknowledged Tate in recording its occurrence for the Adelaide district, but after a field excursion

he denied its presence in 1909 (7). Black (1), in 1926, followed suit by omitting to record it, but

Blakely (2), in 1934, records it for the Adelaide district. Similarly, it is not recorded in the most

recent work by Burbidge (3).
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THE ECOLOGY OF THE WESTERN CLARE HILLS, SOUTH AUSTRALIA

With Special Reference to the Disjunct Occurrence of E. rnacrorryncha <F.v."M.)

By C. D. BOOMSMA *

[Read October 14 19481

The object of this paper jjj to describe the ecology of the h. uuicrorryncka and

related associations, since little has been published on its occurrence in South

Australia. A description of a fibrous-barked eucalypt in a personal communica-

tion by Mr. C. B. Scarfe led to a Held examination in the Clare district. The

eucalypt was located and it proved to be E. macyorryncha. thus constituting a re-

discovery, since Tate records it for this district in his notebook in 1889, which is

the same as his Adelaide district in his Flora of South Australia of 1890. Later,

in 1907. Maiden (6) briefly acknowledged Tate in recording, its occurrence Tor

the Adelaide district, but 'after a Held excursion he denied its presence m
1909 (7). Rlaek (1). in 1926, followed suit by omitting- to record it, but

P.lakely (2), in 1934, records it for the Adelaide district. Similarly, it is not

recorded in the most recent work by Burbidge (3).

The area comprises 40 square tniles of range country, being the western hall

of the Hundred of Clare. tyittg directly west of the main Adelaide to Clare road

Li. rnacrorryncha is limited to the uplands east of the divide. See fig, I and 2.

The divide" Iras an elevation of 1,500 feet; a Few peaks are higher, and it w

dissected by many small valleys formed by the winter-flowing tributaries of the

ilutt River. Valley formation has been slow, so the topography is accordingly

rugged and surface run-off is rapid.

In the main, the bedrock is of Proterozoic age and is quartzite or sandstone

with limited occurrence of argillaceous rocks. The general strike is north and

vnuth, as shown by the nortb-soulh direction of the axis of the range. Inter

mittent winter spring were observed which may indicate fault zones, otherwise

no faults were observed.

CLIMATE
Rainfall—7\k- rainfall is rnainly derived i'mm the normal winter rains duo.

lo the general west to east movement of the pressure systems, with infrequent

heavy summer raitis due to tropical troughs from the north. The mean annual

rainfall in the ranges is 27 inches, with 19 inches in the winter six months ami

R inches in the summer six mouths. J I is probable that this rilled topography

produces local rain-shadows with rainfalls up to 30 inches per annum. High

summer temperatures are frequent and severe frosts are common. The frosts

may be experienced during a period of seven months of the year. In general,

the climate is cold and wet in winter, warm and dry wfth occasional frost in

early summer.
SOILS

Kk-ld observations show thai the soils are, m general,, shallow; skeletal soils

are frequent in occurrence, and deeper transported soils are limited to the

broader Hutt River valley. Slight nodsolisattou is general, as most of the soiH

have a grey sandy-loatu suriaec horizon and up to 20 inches of slightly oxidised

clays in the lower horaon. Occasionally a rcd"-brmvn clay is observed with he-!

rock at less tbati 36 inches.

Latevite, a feature of the Mount Lofty Ranges. 60 miles to the south, is lack-

ing, as are swamp soils, heavy loams and calcareous soils- The latter is due to

\hc absence of calcareous bedrock. All the soils are well drained.

* Forestry Drpartment, Adelaide.

TVSWt, Koy. £**< P-Awt., 72, CO, M\ Mnrvh 1V49,
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VEGETATION -\SSOCJATJONJo
CLARE DISTRICT
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VEGETATION
1'loristics—The nomenclature of eucaiypts is after Blakety (2) and that of

the other species after Black (1), The iloristic make-up of "the undersiorey is

continuous in all the forest types, being composed of occasional scattered trees of
Casnarina siricta, Caliitris propinqua, Acacia pyenantha, and lixuearpus cuprcsst-
formis; Bursaria sphwsa, Acacia Watisiana, Hibbcrtia stricio. and Lissanffn-
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sfrigosa are the chief shrubs. The commonest geophyte is Thysanoius dichotomus,

and the characteristic ground cover of grasses consists of Themeda australis,

Ifunthonia spp, and Stipa spp. Leguminous shrubs are missing quite frequently

from the understorev* which is unusual when there is a stringybark dominant.

/ ra—

Mh$ t

am

.rrA&£M..

I ^^R^HM'^lrffc-»-—*J.^-i*r*\ J

V tASrSPA/ STA7£S. AfrE£CC
cA#rr& stem *&$$&$£,>&

F.g. 2

Associations—Those present arc all dominated by the eucalypts E. camaldu-

icasis, E. h'ucoxylon, E. elacophara and |J, macrorryncha. There was no

E. odorata, E. fascicitlosa or malice present. A stray E. cakicuUrix was observed

in ihc Clare Picnic Ground, adjacent to the main road. Stands with more than

niie cucalypt species as dominants are frequent, but E. Icucoxylon is typical oE

t}it drier exposed portions, E t cawaliluloisis of the moistcv valleys with higher

fertility, E. macrorryncha on the wetter, cooler uplands, and £. clacophora sup-

planting E. camahinlrnsis on the higher fertility sites with greater exposure. As
:v-i distinct boundaries between sites occur, ii is not surprising that several cucalypt

,-pe-cies are found competing for dominance. It is therefore expected that the

degree of variation in the factors of the environment is greater than that tolerated

by any one species*

The associations are all savannah woodlands with a variable number from

<:nc to a hundred trees per acre.

E. leucoxylon association—This association occupies the greatest area, being

it part of the continuous distribution along the coast side of the Mount Lofty

Ranges from Adelaide to Quern. In the area described it occurs on both the

western and easLCrti slopes as a dominant, with occasional inlying islands of

i'asuarina stricta and E. clacophora. The ground cover is grassy, often bare on

skeletal soils, and the dominant is only a medium-sized tree, having a small crooked

>ictu up to 30 inches in diameter. The number of irecs per acre varies from

under ten to a hundred, depending on the amount of clearing, grazing, burning

\[\\d the size of the trees.

E. camalduicnsis association—This is typical of the valleys which have deep,

fertile, transported soils. The trees may reach a gross size up to 48 inches in

diameter, heights up to 80 feet are common, but regeneration is slower than

utilisation and the present occurrence is only a remnant of the original stand.

The understorcy ijs typically grasses, with a few bulbs, and occasionally Casuarina

stricta. Acacia pycmwlha. Acacia rhetiuodes and Bursaria spinosa. Near Pen-

wort ham, Batthsut marginatu is in the understorey.
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R, elacophora association—Thi> species is rarely an exclusive dominant UW

areas greater than 5 acres in extent. It is found with £. leucoxylnn or E. inacroi-

ryncha, and again the understorey is continuous wiLh neighbouring associations.

When it is found in valleys the soils are less fertile and h is later replaced h\

Bt
camaldalensis lower down the valley where the soils are more fertile.

R. mucrorryncha association— This association is now mainly a savannah

woodland, but the ridge-tup parts of Sections 364, 365, 436, 535 and 536 have

Xanthorrlwca quadruwjidata and FJssanthe st7igosa ui the underslorey with u

grassy ground cover. The absence of legumes and Proteaceae is marked, ami

this community can be classed as a gradation between savannah woodland and drj

sdcrophyll forest. The understorey is composed of scattered shrubs of Bursurui

spinosa and Acacia pyaianlha, with a few herbs Ilibbcrlia sfricta, Aearm*

sanguisorbae and a grassy ground cover.

The present facics of the E. iitacrorryncha association in this district is

similar to that of the E, laicoxyton and E t co tnahi uhnsis association. The undcr-

storcys are continuous with the exception of the restricted occurrence of the

Xanihorrhvca quudrangulata understorey already mentioned. 1 lowever. this

underslorey occurs in other woodland associations in other districts of South

Australia.

The distribution of E. uuicrorryticha in the eastern States at -Australia is af tei

Carter (4). See fig. 2. Ecologists have described its field relations, notably

l^ryor (9) in 1939, who states that it reaches its best development as a consocia-

tion on exposed upland sites of 2-3,000 feel altitude iu the Australian Capital

Territory. Associated eucalypts are E. Rassi? r E, maculosa and $L cordieri. The
understorey is considerably better developed there than in South Australia and

includes the tall shrubs Pomadcrris ellipiica, Acacia falciformis and Exocarpu-

aipressiforinis. Abundant small shrubs, mainly epacrids and legumes with

Xantlwrrftoca oustralis ensure an almost continuous ground cover, in Victoria.

Ewart (5) in 1925 and Petrie fit al (8) in 1929, describe it as the dominant of a

consociation on exposed upland sites on the Silurian formation at altitudes af

2-3,(XX) feet. These occurrences are comparable with each other in the broadci

characteristics- The nearest recorded occurrence of E. Hiacrorryucha to this area

is at Stawell. 300 miles to the east in Victoria. As an isolated duplicate, genetic

origin is highly improbable; the restricted occurrence of this species requires u

knowledge <of the methods of colonisation and invasion of eucalypts since earh
fU-isLocene times. Similar disjunct occurrences have been recorded for

E. hcmiphloia, R. albens, £. microcarpa, E. panciflora., /:*. Tabula, E. cladocalyx

and E, ovata.

It is highly improhablc that the Hundred of Clare contains the only suitable

site for R. iitacrorryncha in South Australia, and so the alternatives are that thi^

is a relict ol a previously wider occurrence or that it occurs Hsewhere and ha-

notyct been observed or that it is a recent arrival and has not spread.

The association is not vigorous since it has not extended h\3 boundaries m
sixty years but rather has contracted, due to death of mature l^vv.^ and absent
of seedlings to maintain dominance along the boundaries. To tliib extent the field

observations favour the theory that ft is u rebel. Although occurrences elsewbere

hi South Australia are possible, they are improbable.

It f8 noteworthy thai all (he factors which favour (h<- -Unis of a reltCJ

strongly argue against this specie*;, hehvg a n\ w arrival.
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SUMMARY

The rediscovery ot the occurrence of E. macrorryncha in the Clare Hills,

which is the only recorded area in South Australia, has led to mapping the

occurrence with a description of the environment and community relations.

The disjunct occurrence of E. inacrorryncha 300 miles from the nearest

recorded occurrence in the east at Stawell is difficult to explain. The explanation

depends on the past climatic changes which may have destroyed connecting sites

between the east, leaving this occurrence in the ranges as a relict.

Other species with similar field occurrences are E. albens, E. hemiphloia and

!L microcarpa,
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NOMENCLATURE OF EUCALYPTS WITH SPECIAL REFERENCE TO
TAXONOMIC PROBLEMS IN SOUTH AUSTRALIA

By C. D. Boomsma

Summary

The identification of eucalypts has always been a task requiring all the faculties of judgment, and

even then, numerous contentious issues arise which persist without a satisfactory explanation. Such

an issue is the identification and naming of specimens which have some characters common to at

least two species; or a gradual variation of a single character from one specimen to another. In fact,

variation is so general that the limits require definition, but to do so involves a major statistical

examination on the four following variations: - Variations of a single organ during maturation;

variations of an organ on a single tree; variations of an organ between trees, including (a) variations

due to environmental causes and (b) variations due to genetic causes; variations between species.
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1

The identification of eucalypts has always been a task requiring" all the

faculties of judgment, and even then, numerous contentious issues arise which
persist without a satisfactory explanation. Such an issue is the identification and
naming of specimens which have some characters, common to at least tjvo species:

or a gradual variation of a single character from one specimen to another, Tr.

fact, variation is so general that the limits require definition, but to do so involve?

a major statistical examination on the four following variations:—Variations of

a single organ during maturation; variations of an organ on a single tree; varia-

tions of an organ between trees, including (a) variations due to environmental
causes and (b) variations due to genetic causes; variations between species.

VARIATION'S OF A SlXGl.K ORGAN DURING MATURATION
The main importance of the stage of maturity of an organ to those engaged

in the determination of species is the ability to recognise a given stage and
describe it correctly. Juvenile leaf characters, for example, afford a ready means
for identifying some species, and this character may be used to separate or show
alliances between species. But rates of maturation vary and even an individual

season will determine the length of flowering period, character of nectar produc-
tion and the beginning of shoot growth, so this class of variation is least under-
stood.

Variations of an Organ on a Single Tree
It is known and accepted that variations occur, but just how great has not

been reliably determined. Tt is to be expected that the variation within a trve

would be less than between trees, and in the case of E. obliqita this is borne out
by a statistical examination of capsule dimensions carried out by the author.

Variation <n- an Organ between Trees

It is known that variations arc great, but the limits have not been determined.
The amount, of variation is apparently least in endemics to South Australia, par-
ticularly those restricted in area, for example E, cludoculxx* E, cosmoplixUa.
E. encarifolia, B, fasciculosa and E, rcniotu. On the other hand species with a
wide distribution, including areas at the limits of the specific ecological amplitude
of the species, generally show a correspondingly wide variation m the character
of any one organ. The causes appear to be partly environmental and parti}

genetic. Species which show wide variations include E. oleosa, E. anccp^,
E, li'ucnxylan, E. odarata, E. Hubcrimuu E, Baxteri, E. obliqua, and £. lepto-
phyJki. The variations are diverse and different botanists have given varietal and
even specific rank to specimens showing characters which only represent one stage
in a sequence of characters from one species tn another. This confusion has been
accentuated by the practice of talcing a small sample of a tree and raising it th
the exalted position of a

u
type

n
with which all future specific determinations

must be compared. In material showing wide variation, the paradox is reached
that the more closely a single, specimen is described for specific rank, the more

* Forestry Department, Adelaide,

ran*. Hoy. Sr.c. B. Ami., 72., (2), 30 March 1949. ,
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likely is it that an identification key will be. unworkable. In South Australia, at

jfotft half the total number of species exhibit such wide variation in characters

Ih.iL the existence of intermediate forms between two species must be aercpte 1,

(a) Variations due to ruviwtimctitnl caused , (icnerrdly a species pos^e.-ses

a wider potential environment than is exhibited in its natural distribution :
loi

example, /I, cladocalyx can be grown on solonized brown soils in the 12" menu

annual rainfall of Loxton T although itaa best natural occurrence i:> in the Flinders

Ranges on pndsols with at least 25" menu annual rainfall. Furthermore, dtsenp-

Uons of characteristic environments for a species are fragmentary and the limit*

of both potential and natural environments have to be defined, so that to describe

variations of character in oi£un< due to environmental causes can only be li&tfjfj

on speculation.

However, variations in ecological character due to environmental cause,-. i.e.,

stem form, frequency of occurrence and rxclusivcness arc frequently encountered

Such variations are common to all plain species and need not be deiailed Uetv

other thaii to remark that variations ore correlated with the diversity of environ-

ments occupied by any one species, so that R". h'ua>xylon and 11 oleosa, h\»i

widely occurring species, show many variations due to environmental causes. It

would 1)e expected that variations in ecological character would be at a miniumm

in large areas oT constant environmentaJ character. So far, no such large ItfCS

lias been encountered in South Australia., and it is unlikely that surh an area exists

in the tree zone.

(h) Variations due to genetic causes. This question is intimately related

to that discussed in the following section. Maiden (4) in 1922 summarised the

evidence for genetic variation, and stated that intermediate forms occurred between

many eucatvpt species. Furthermore, he described several plants as natural

hyhrids. In South Australia it is probable that E, fitgt&u (Naudbi) is of hybrid

origin, while il. Kcdtnujadoocnsis (M) and H. MchUyrCnsis (M) are also pro-

bably hybrids. In 1^46, Brett (2) showed that gradations arise by setting of

the -Kl generation and occasional back-crosses, to the original parents. Some

members of such a swarm of individuals will be more suited to the site than

others and so will producer stand of trees with a wide (but determinate) range

of characters- A; time, progresses, fixation of characters may occur to give

rise to a hybrid-polymorph. The stages from the hybrid-swarm to the hybrid

polymorph are conjectural, but field observations support such a view. It h
possible, then, that polymorphs may produce new biotypes, i\c.

t
collections of

individuals breeding true for characters of laxonomio importance,, and with a

narrow determinate variation of characters. N'o attempt has yet been made to

delinc a species on such a basis, so it is a matter of opinion when the amount of

variation shown by a polymorph is sufficient to be accepted as a species or bin-

type, Tf should be noted that no two individuals arc identical In genetic

character, which explains the difficulty encountered in identification of material

collected from areas where hybrid swarms occur.

Variations p* an On<uw between Species

Interspecific variation is probably of genetic origin and the study of .^nida-

tions between species is greatly facilitated by the theory of hybridism, and Ihe

segregation which is continuing in some cases to the present day, luiealypt

species in South Australia do not all show segregation, but the probability of

observing genetic variation is highest amongst the widely occurring species.

Observations suggesting genetic relationships between species are set out in the

following notes, but firsi the scope, of specific sequences in juvenile and mature

leaves, buds and capsules, illustrated in the figures, should be examined. The
nomenclature \$ after Blakety (1).
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Fiif. 1-4 show a specific sequence in the- juvenile, leaf shapes of Ji. iftihrnmid.

Fig. 5-9 show an interspecific sniuence between E. riminalis (fig. 5), /:. Hutn-riantf (Jig. 7t.

and IS, teuctijt^tajj (lig. tf).

Fig. 1-4 show a specific sequence in juvenile leaf shape in H. Hubcriana:
lig. 11-18 show a portion or the mature leaf-shape sequence in E. transcontinetUa-

lis; fig. 23, 24, 27, 28 and 32 show sequences of bud characters, while fig. 25 and 26

shifty the range of sues and shapes encountered in E. IcucoA\ylon capsules. Fig. 40
allows She diversity of capsule characters in Z£. Baxter!, and lig. 39 shows a large-

iruited form of It. Ilubcriajia,

Evidence of interspecific sequences may be had from two sources. One is

the published data (the most recent being that of Burbidge (3) ). and the other

may be obtained from the field. From the first source there is general agreement

Lhat many difficulties in nomenclature arc due to interspecific genetic variation.,

and numerous examples are given by the authors already referred to.

Only a few of the sequences observed in the field have been illustrated and

ihc most familiar will be discussed. From the small area of ten acres in the

Hundred of Cooimrie, specimens comprising fig. 29 were obtained. Fig; 29a

1ms buds that compare favourably with those of E, leptaphylla, but its leaves are

up to ten centimetres long and two cm, wide and agree with those of the nearby

E. oleosa. Fig. 29b has buds about twice the size of those of 29a, and agree with

those of a type specimen of ft. socialis in the National Herbarium, Melbourne.

The elongated conical operculum of fig. 29c and the small waisted type of

jig", 29d are steps to fig. 29e, which is similar to the operculum of E. iransconli-

hentali?. If the examples do not represent species but varieties, the position jj
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12

14

Fiff. 11-18 -Show a specific sequence in mature leal shape iA B. transcimtaicniahs.

Via: 19-22 show an interspecific sequence in mature kaf shanc arid cuvsu « becween

k riubcrmna (fig. 19) and /i. owfa (fig. 22). Ffc. 2D and 21 are intermediate form*.

unimproved and the acceptance of numerous forms would lie misleading. In

this occurrence the field suggests that this is a hybrid swarm as variations were

also collected of K diversifolia, E. rugosa and E. Icptophylla.

Interspecific sequences have ateo been observed in E. odorata, but thsse are

not quite so obvious, so that difficulty ls experienced in separating E. ralcicultrix

,

E. odorata, EJMnsdonmmmi and E. jttgalis. Fig: &*-dS show the similarity

of the capsules. ... ^
E. viminalis has often been observed in an interspecific sequence- with

E. leucoxylon, as seen in tig. 5-9
T
which include a few steps of the jiivenile leaf

shape sequence between the "two species. On the same small area, specimens were

collected with triphvlly and alternate leaves. See fig, 42 and 43.

E. leucoxylon is widely scattered and is concerned in many interspecific

sequences. Fife; 5-9 show an interspecific sequence between E. Icucoxyloii and

E. Huhcriana. E. leucoxylon is closely associated with E. jugalis in the Yatina

district and specimens occur which arc difficult to separate into species. Other

examples of genetic variation occur in E. leucoxylon, .such as the. sequence

between £. Icucoxxlovi and E. calcicuUrix near Cape Jervis, and specimens with

more than three buds per umbel from the Meningie district. See fig. 41.
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Fig. 23-24 >how portion of the specific sequences in operculum shapes of E, oleosa (fig. 23)
and E. transcontinentalis (fig. 24).

Fig. 25-26 show specific- sequences in size and shape of capsules of E. leucoxylon.

Fig. 27-28 shoAV specific sequences in size and shape in the huds of E, cosmophylia.
Fag. 30-31 show an interspecific similarity between buds of E. bicolor and E. interiexta

respectively.

Fig. 32 shows a specific sequence in operculum shape of buds of E. camaldulensis.

Fig-. 33-35 show the interspecific similarity of capsules of E. odorata, E. jugalis and £. micro-
carpa respectively.

Fg. 36-38 show an interspecific similarity between capsules of E. vim'malh, E. rubida and
£. Huberiana respectively.

Fig. 39 shows a, large capsule form of E. Huberiana.
Fig. 40 shows the diversity of character in capsules of £. Baxteri,

Examples from other species such as E. jugalu, E, claeophora and E. Hube-
riana have been collected and not figured. It is evident that these sequences
indicate relationships between species, and from the nature of the sequence and
from authorities already referred to, Tabic I has been compiled. The purpose
of compiling the table is to indicate the species relationship in South Australia.
The groups are naturally subdivided, so that there is little chance of observing
an interspecific sequence between species of two groups and the order of each
species is to some extent arbitrary, but the probability of two adjacent species
forming sequences is higher than in those distantly connected. It is to be noted
that the table contains some species that are of reputed hybrid origin, such as
E. jugalis, E. unialata, E r Huberiana, E. vitrea and E. anceps. Interspecific
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Fig. 29 shows some genetic variants of /I. oleosa.

Fig. 41 shows an umbel of E. leucnxylon containing more than three buds.

Fig. 42 shows triphylly Srj £. vipiinalis.

Fig. 43 sl-ows alternate juvenile leaf arrangement of E. vim'malis.

Fig. 44 shows an umbel of buds oi /?, co.mwphylta containing more thun three buds.

sequences help to emphasise the relationships of species within each group, so

that it is proposed that a study oi these sequences will be of considerable use in

the identification of species.

Summary

The identification of species of the large germs Eucalyptus (more than 500

species) is complicated by the occurrence of many forms that are atypical. Some

of those forms are genetic variants and are of hybrid origin.

A selection of examples thai occur in South Australia is figured and some

interspecific sequences are discussed. These sequences are of use m confirming

species relationships in groups as an aid to identification.

Interspecific sequences are frequently observed in widespread species, but

not in endemics.
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Table I

Showing- the Taxonomic Relationships in the Genus Eucalyptus

in South Australia

_
vitrea

jpauciflora de Beuzevillei x

: niphophils x

.amalduleiisis rudis x

umbellata x

-» Morrisii

i
anceps rugo-sa

jdumosa , pileata brachycalyx conglobata

: incrassata , tetraptera x

. Blaxlandi x

jBaxieri capitellata x obliqua

- * ........diversifolia remota

,
-sideroxylon fruticetorum viridis

peucoxylon calcicultrix odorata.... microcarpa hemiphloia

: jugalis Lansdowneana albens

: elaeophora ' V''l

: Huberiana viminalis rubida Dalrympleana x

ovata unialata x globulus x bicostata x

cneorifolia

oleosa transcontinentalis Gillii Flocktoniae

x denotes interstate species



THE GEOLOGY OF THE BOOLCOOMATA GRANITE

By A. W. Whittle

Summary

Old Boolcoomata Station is situated approximately 280 miles north-east of Adelaide, and 12 miles

north of Olary, which is on the railway line to Broken Hill. A very great portion of the area of the

Station is occupied by interesting granitic rocks and associated gneisses. These rock types occur

amongst a normal folded sedimentary series of argillaceous and quartzitic rocks.



228

THE GEOLOGY OF THE BOOLCOOMATA GRANITE

By A, W Whittle*

[Read 14 October 1948]

1. Introduction a.nd Previous Work. - r- 228

II. The principal Granite Phasf ^- . *- 229

TIL The Akkas occupied by Gneissic Hock

.

233

IV. Jnn Country Rocks
, f * •• ..234

V- .StRUCTURK .

.

< -
25^

VI. Mktamorphism * ^
VII- Igneous Ixjtcrio.v in tiik Couxtky Rocks .. .. •• -- 236

VIII. MlNKKAUZATlON CENTRES - 238

IX. FEATURES OF THE CONTACT - - 238

X. CRANmzATiow Phenomena _ 240

XL CoNciA-.moxs * . . ^ • • -- . .
242

1. INTRODUCTION
Old Ronlcoomata Station is situated approximately 280 miles north-east o£

;\delaide, and 12 miles north of Olary, which is on the railway line to Broken

Hill. A very great portion of the area of the Station is occupied by interesting

granitic rocks and associated gneisses These rock types occur amongst a normal

folded sedimentary series of argillaceous and rjuartzitie rocks.

Previous Work

The first important contribution to the geological study of the north-eastern

portion of South Australia was that published in 1912 by Sir Douglas Mawson,

Professor of Geology at the University of Adelaide. This work, which covered a

large area including the district in which the present work was done, was pub-

lished as a Royal Society Memoir. Subsequently Sir Douglas Mawson has con-

tinued his study of this region, including much detailed field work and peno-

logical analysis m the Olary district. A list of investigations by other workers

is given in the bibliography.

The present investigation was carried out to determine the nature of the

Old Boolcoomata Granite and its relation to the sediments which it intrudes.

An attempt was also made to discover some data which might suggest whether

this granite is the result of an intrusion or of the process known as granitization.

The area of the batholith examined measures three miles east and west, by

two miles north and south. Low rounded hills of igneous and gneissic rocks,

with a few large bare granite hills, make up the landscape. Traverses were made

across it in a north-south direction at quarter mile intervals, to pick up ihe dis-

tribution of rock types and to ascertain the position of contacts between them.

Subsequently, several of these conlaets were followed to prove continuity between

the positions located by traversing.

Although there is a great diversity of rock types in the batholith, they may
he conveniently considered in three main groups. These are (1) a medium to

coarse-grained rnuseovile granite, (2) a finer-grained, somewhat gneissic por-

phyritic felspar granite, (3) granitic rocks in which the presence of injection

gneisses is significant. The distribution of these groups may be seen on the

folded map.

* Mines Department.

Trans. Kc.v. Hoc. S. Aust.* 72, <2h 30 March 1549.
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II. THE PRINCIPAL GRANITE PHASE

There are three areas in wliich this is the dominant rock type, two of which
arc partly made up of patchy developments of the porphyrinic felspar granite.

The principal granite area extends three-quarters ot a mile uorth from the
station house and is then replaced by gncissic rocks. To the west iL runs against

alluvium and the contact with the slates, while its .greatest extent is eastward,
where it runs uninterrupted down towards Binbcrrie Ifill. Throughout this area,
medium to coarse-grained felspar-rich granite is the dominant rock The rock is

mostly massive, hut becomes slightly gneissic in places, particularly towards the
northern border o[ the belt. Jointing is well developed in two major directions
at ri^ht angles, while a minor third direction is sometimes present. The joint
planes usually have steep dips. These features produce excellent "tor" structures
with occasional balanced boulders.

Sheeting structure occurs in large outcrops where a series of fractures have
formed separated by several feet and lying parallel to the rock surfaces. In a
large exposure, such as the slope of a hillside, a series of steps develops as over-
lying sheets arc weathered away, leaving the immediately underlying pavement
.strewn with decaying granite boulders, These pavements are large, smooth and
gently rounded, and have resulted from the expansion of felspars undergoing
kaolinization as well as by the alternate heating and cooling of the granite by
day and night.

Erosion of the area is greatly assisted by the joint system, because these
fractures start streamlets running along well-e.stablished channels which are
obviously scoured-uut joint fissures. Similarly, the major streams which drain
the granite hills trend roughly parallel tu one or other of the major jointing
directions.

Pegmatite veins, up to two or three feet wide, m genera! follow the
N.W.-S.E. direction of jomtmg. which suggests that the fissure.--: are prc-pegmatite.
developed in the early stages of the formation of the batholith, providing an easy
means of escape for the pegmatitic materials developed in the late stages of con-
solidation of the granite. Probably these fractures, carrying pegmaties up to thrre
feet wide, were enlarged by remcltmg along their margins, because there is a
gradation in grain size between the pegmatites and the enclosing granite. This,
however, may be the result of a chilling of the pegmatite along its margins.

The granite breccia (referred to later) trends parallel to the E.-W, joint
system and may therefore be related to the jointing. Naturally, accumulated
stresses would most readily he relieved along an already well-established fracture
system. Movement has occurred siting .some planes of jointing, shown by the
local faulting of minor and major pegmatites. These joints post-date the pegma-
tites they offset, and belong to a different system from those along which the
pegmatites moved. These joints may be related to the brecciation.

The joints change direction toward the western portion of the main granitic
belt, and the associated pegmatites swing round to an almost westerly trend.
The.se lineal pegmatites are very abundant in the granite, half a mile N.-E. of
the homestead. They are narrow, but extend many hundreds of yards east and
west. East and west of this locality, the lineal pegmatites are replaced by discon
tirmous wider irregular ycyuwLiccs which show no structural control. The peg-
matites are coarse-grained, rich in felspar, and poor in micas and accessories:.
although tourmaline is abundant in some.

An interesting feature of this granitic belt is the granite breccia, made up
of angular granite fragments up to several feet in size, set iu a fine-grained dark-
ma' rix largely composed of crushed clayey felspars, quartz and mica. The largf



broken boulders arc all of the same type, vis., a granite identical with that making

up the major granitic zones. There are occasional slate or quartzite boulders

within the breccia, presumably., broken xenolilhic material. In places there arc

denuded surfaces resembling crazy pavements where the nature of the breccia

can be closely studied (pi. xx, fig. 7). Where angular boulders are absent, larger

grains in the matrix are streaked out into parallel rows set in finer mylonitic

iN

Parallel Uinei
of Fracture in

Granite.

xsK^aaMaL

FRACTURE: RATTE1RN HPSl

GRANITE NEAR CONTACT

Fracture pattern in granite near its contact with the granite breccia.

N ±M?\^' ,+^^\^*r"TC"Tr "^^jgular Gran!

4M^^^^^^^?MKJMarrix rich in

tOTelapar Quartz

jfy land Muscovite

FractureLL
Lines. FJ

FRACTURED GRANITE! PASSING
INTO BRECCIATED GRANITE!

Fig-

2

Fractured granite pacing into brecciatcd granite.

material, producing a "pseudo-bedding" effect, by the freak "sorting" of grains.

Most of the breccia, carries angular boulders but there is much variation, thus

between wide bands containing granite boulders there are these "bedded" zones

with a fine-drained matrix set with parallel rows of rolled-out rounded granite

or felspar grains which are porphyroclastic remnants of prc-existent granite

(pi. xx, fig. 2).
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The main belt of breccia occurs along the southern border of the granite

near the homestead and is more or less continuous for about a quarter of a mile

northwards, while beyond this point separated discontinuous bands up to a hun-
dred feet in width continue for a further half mile north. At cither c:nri these

bands pass through fractured granite (fig
-

. 2 and pi, xxi, fig. 1) into Unbroken
granite. The fractured granite is a stage in the formation of the breccia, and it is

always closely associated with the brecciateel granite. The drawings (fig. 1, 2)
illustrate how the granite is thoroughly traversed by intersecting cracks which
splil it up into angular fragments. These cracks are at first quite narrow, but
towards a zone of brecciation the fissures widen and become filled with finely

crushed material, as the rock grades into the true breccia. The major mass of

breceiated granite nms into alluvium near the homestead, while eastwards it is

gradually obscured amongst the granite

The breccia often carries tillite, slate and quartzite, which have not been
granitized, forming local bands of angular boulders, set in a fine-grained chlorite-

rich base running parallel with the general trend of the main granitic breccia.

'•*.-*- '

;

m •
.

• + "MEDIUM COARSE-GRAINED- .«HpSqihsrM*6 '• r

Jr ,\,\ • *_ .• • . : ?4* granite:*- ; *.4NQ''j^^%' '
•

'^FlUf; Grained BrecciaYed

pegmatite veins offset by
narrow shear zones_

W$> 4

Fcgnutihic vein*; offset by narrow shear zones.

The map (fig. 3) showing portion of the brecciated area on a scale of

100 feet to the inch, provides an indication of the general nature of the broken

zone. The. angular granite boulder breccia occupies the* greater portion of the.

broken zone, while the general direction of the streaked and "bedded" portions

is shown following the trend of the zone as a whole. An area of irregularly

altered slate and tillite is shown with a doubtful boundary due to surface rubbic

obscuring the contact. Lens-shaped granite bodies occur in this rock.

Several lines of evidence, support the concept of this peculiar formation as

a breccia. The angular shape of the boulders and the nature of the matrix are

typical of brecciation. Further, the angular fragments and the matrix materials

are of the same type as the massive granite in ihe vicinity. The closely asso-

ciated fractured granite represents partial brecciation.

The best evidence is that of shearing in the vicinity of the broken granite,

where there are long narrow zones of mylonitized granite, two or three feet

wide, in which the rock is reduced to an extremely fine-grained chlorite-rich



sheared mass, with flattened elongated remnants drawn ouL parallel to the £ne

banding in the crushed matrix. These shears, which are several hundred t«A

long, are parallel to the breeciated bands. Several of these are plotted on the map-

There are numerous examples of pegmatites., faulted by joint fissures, which

are filled with fine-grained and angular granitic material (similar to the matrix

of the main breccia) derived from shearing of the walls of the fissure by the

movement which offset the pegmatites. These minor shear zones showing a dis-

placement of a foot or so extend parallel to the trend of the breccia (fig. 4).

On the other hand, no evidence of displacement is visible in the country

rock west of the point where the breccia runs out against the alluvial flat, while

eastward the breccia disappears amongst the granite and can nowhere be traced.

Thus, when its great width is taken into account, it is odd thal T if this is really

a breccia, it should have such a short longitudinal extent.

There are two other areas in which purely granitic rocks dominate; in both,

however, Ihere are patches of porphyritic felspar granite. Roth have similar

features and can be described under one heading. The grain size is irregular in

these rocks, and biotite occurs as well as muscovite, thus it may perhaps be

deduced that they are a little less completely granitized than the main granitic

mass. Generally it is a medium -grained granite, but fine-grained or coarse-

grained types occur in places. Although in the main massive, it sometimes

becomes gneissic in greater or lesser degree, and may locally pass into injection

gneiss or carry xenoliths oriented parallel to its gneissic structure. There is a

special tendency for it to break down into numerous cuboidal blocks Up to 6 fee;

in dimensions rather than to form massive granite tors like the main granite. This

is probably due to a more closely spaced jointing system, and the more irregular

grain size giving great unevenness during expansion. The granite boundaries

are either well defined against the gncfesic rocks, or grade, by the addition 01

xenotitbs into injection gneiss. Lath-shaped felspar phenocrysts up to £v long

and V" wide, oriented parallel to the direction of the gneissie >truccurc, are com-

mon in these granites.

Toward the north-east these granites continue beyond the area mapped, while

to the west they grade into gneissie rocks toward the border of the "batholitb"

There is no regularity in the distribution of the porphyritic phase in this granity.

the strongest development being in the northerly belt of granite where porphyritic

rock occupies a ridge for nearly a mile in an east-west direction. Irregular

masses of pegmatite occur but are not strongly developed in either of these two

regions.

Ill, THE AREAS OCCUPIED EY GNEISSIC ROCKS

These occupy a very targe area. Throughout there is an abundance of

granitic rocks ranging from fine- to coarse-grained types, which form, as it were,

a base in which the gneissie material occurs. Thus, although the map shows

large areas of these gneisses, these are not to be considered as made up wholly of

this rock type, but rather that in these areas the occurrence of gneiss amongst the

granites is the significant feature.

Pegmatites of an irregular nature, both large and small, occur in these areas.

It is usual for granitic and pegmatitic material to occur in lit-par-h't fashion

along planes of sthistosity in the gneiss, producing banded injection-gneiss. The

bands of igneous rocks are closely spaced, varying in thickness up to an inch.

Schistose or slaty rocks have been converted, in general, to dark biotite-muscovitc-

rich gneisses in which the black biotite bands contrast strongly with the light-

coloured quartzo-felspsthic ones.
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Qxjarteites are not very much altered, although in places there is a partial

loss of sedimentary banding, while elsewhere this is preserved by the introduction
of granitic material along the bedding planes.

Calcareous rocks winch have been included in the granitic and gneissic
masses have a red-brown earthy appearance. They are massive, extremely fine-

grained and show no alteration, unless their highly ferruginous nature is due to
addition of iron oxides.

The distribution of the gneisses within the batholith may he seen on the map-
There is a change toward migmatite well within the "batholith". Tin's is poorly
developed in tbe border zone and narrow belts of gneiss, but becomes important
and at times dominant well within the batholith. Excellent examples of the grada-
tion of injection gneiss to migmatite are common. The richly biotitic injection-
gneiss gradually loses its dark bands, while the granitic hands expand and finally

take up most of the rock, leaving only faint wisps of dark micaceous minerals
winding in contorted lines through the granitic mass. Complete absorption of
the sedimentary material is not common, for in most cases contorted, discontinu-
ous faint wispy remnants remain. Where the gneiss was coarse-grained the final

product is a coarse-grained granitic rock or migmatite.

The outcrops of gneiss are different from those of the granite. There are
no "tor" structures or pavements formed by .sheeting, but instead these rocks
form low outcrops frequently running like blades or low rough walls for hundreds
of yards, in parallel rows. Jointing is present only in the strongly granitic
portions of the gneiss, thus it is not significant

large bodies of basic rock occur in the gneisses. The rock is a fine-grained
uralitized clolertte carrying rpidote, and often it is associated with quartz reefs.
Similar associations of basic rock with quartz are also met with outside in the
country rock. The 1'aiger basics arc marked on ihe map. hut smaller occurrences
are numerous.

IV. THE COUNTRY ROCKS
There arc three main types, wv slate, tiilile and qtiartzite, and of these

the slates have the greatest development. The tillites are distributed as one large
formation, several smaller ones, and as minor intercalations in the slates. The
quarisites occttr similarly as one major hand, and as groups of narrower bands.
The former is, in the main, a thick massive quartsritc with associated bedded
quamites, and it is interesting to note that quite large erratics are to be found
in it in places. The several groups of thin quamites arc arkosic, presumably
duvioglacial horizons in the slaty and tiilitic beds. Fracture cleavage occurs in
the massive quartzitrs near fold vpqtf., although in argillaceous quartzir.es there. is
a weak cleavage nearly always present Jointing is strong m the massive
quarr/ites

The slates arc strongly stlirided and are of chocolate colour. ?n the main
they are varved slates with alternate fine sandy and clayey bands numbering from
6-12 to the inch and in them cleavage is usually very well developed, but bedding
is only obvious when the rock is weathered sufficiently to bring out the lithological
differences. It is not always safe to rftt the varving as bedding because of its
cross-hedded and irregular nature, liefe -and there the slates carry isolated
erratics up to 10" in dimensions. Frequently the slates are without structure,
even cleavage disappears, when they resemble dark black-brown horn fete. Occa-
sional intercalated earthy limestones occur in the 3latcs which arc discontinuous
along the strike and are of no use as markers Near the fiuvioglacial sandstones
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the slates change by enlargement of the sandy component of the varying, and

pass into arkoses. These arkosic horizons arc made up of several bands ok

quartzitic rock up to 50 feet thick, separated by slate beds of similar widths.

The majur tillitic horizon will be considered later, while the other tillitfc:

beds are insignificant and may be passed over. There is the usual assortment of

rock types as erratics, although granitic, gncrssic, and pegmatite materia!

dominant. Boulders range from small ones an inch or two in size to larger ones

measuring a foot or more in diameter. The base of this tillite is slaty or phyllitic,

rich in micaceous and chloritic material with a well-developed cleavage,

V. STRUCTURE

(a) WlTHlX THE BATnOLlTH

The structure is straightforward, and although locally confused, these stnall

areas may he ignored in considering the general features.

The folded map shows the regularity of the strike of the foliation in the

gneisses, and in the granites, when present. The clips are steep to vertical with

a tendency to slope slightly southward towards the contact.

There is a tendency for one direction of jointing to follow the foliation,

and for one or two others to develop as nearly as possible at right angles to it.

(b) In the. Covntav Rocks

Great difficulty occurred in deciphering structures^ in those areas where

alteratiun and injection by pegmatites occurred at a maximum.

In the southern and western portion of the area mapping was simple, but

elsewhere there is so much alteration with the production of gneiss that bedding

is obscured or even obliterated. The best marker beds available were plotted,

thus a general idea of the. structure was obtained, but there are many local dis-

turbances and discontinuities.

On the edge of the altered area a syncline occurs with steeply-dipping over-

turned limbs to the south, becoming normal with flatter dips to the north. Beds

in the northern limb of this fold are strongly giteissic and carry numerous pegma-

tites, while the southern limb is made up of normal quartzitic and slaty rocks-

Air photos suggest the continuity 01 this synclinal axis eastward beyond the

area mapped.

North of this syncline an irregular, indefinite anticline occurs. Bedding is

obscure and indefinite here, but there is a general suggestion of an anticlinal

structure. Pegmatitic injection accompanied by intense ptygmatic folding is at

it* greatest development in this region, and it is possible that these beds were

converted to a sem-plastic state during the folding, hence their unusually irregular

nature (ph xxi T ftg. 2, 3). The truncation of beds and their disappearance into

masses of pegmatitic Injection gneiss is a common feature. Air photos indicate

the presence Of a fold axis extending eastward as a continuation of the anti-

clinal axis through these altered rocks.

The greatest density of pegmatites, the abundance of injection-gneiss and

the irregular discontinuous structural features of the rocks, suggest, if one

favours a granitization theory of origin, that the country in this vicinity is iti an

advanced stage of conversion to granitic rock, and the area 1$ thus comparable

to the belts of gneissic rock within the batholith. If this is true, then in this

locality the "granitic front" is moving in along an anticlinal axis.
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VI. METAMORPHISM
The study of metamorphic stages is difficult because in the places where

clringe has occurred there is a great amount of pegmatite which would he

expected to introduce complications due to introduction of material with great

effects on the already stressed country rock.

On the western side of the area where folding is absent the. sediments are

normal varved slates with occasional interbedded quaraites. Towards the east,

the alteration of the slates hecomes progressively greater, thus half a mile west of

the homestead the slates become garnetifcrous muscovite-quartz schisl, while

interbedded quartzitcs. develop epidok\ actinolite and occaraoual red almandine
garnets.

Amongst the injection-gneisses in the greatly altered country a mile south-

cast ol the homestead there are gneisses free, or nearly so, of felspar. They
differ from the injection-gneiss by the absence of thin quartzo-fetspathic banding
and may therefore he considered as products of stress rather than injection and
as representative of local advanced regional metamorphism. High-grade knotted
crystalline schisl s are associated with these gneisses. The more arenaceous beds
associated with these occur as quart/ mica-gneisses with epidotc. These heels in

the lesser metamorphosed areas are quartz-mica-schists rather than the more
common mica-schisis which were varved slates.

Pure quartzires amongst the greatly altered roeics are converted to epidote-
rich formations, in which bands up to 12" wide, rich in green epidote, traverse
the rock parallel to the bedding. Occasionally epidote bands traverse the rock at

an angle to its bedding, filling joint-fissures, thus suggesting introduction of
epidote-forming material from an outside source, The presence ol a little

graphitic mica-schist i> noted on the map showing mineral occurrences. This
has a gritty quartzitic base, with argillaceous and graphitic material making up
the major portion of the rock.

Muscovite kyanite-schist occurs with kyanitc up to an inch long, but it is

restricted to certain horizons. The kyanke crystals arc arranged parallel to the.

schistosity and their presence indicates an advanced stage in the mctamorphism.
Some of the high-grade knotted mica schists contain small black prisms of tour-
maline forming a brownish red mica-tourmaline knotted schist. Although
garnets occur in the mica schists they are not found in the gncissic rocks.

Lime silicates, such as sphene, zoisitc and epidote, occur in the schists and
gneisses. Thin impure siliceous limestones frequently occur amongst the varved
slates and arkosie quartziies, thus it. is not surprising to find these minerals
developed in relatively large quantity in favourable places. Incipient growths of
sillimanite occur in some of the gneisses,

VU. IGNEOUS INJECTION IN COUNTRY ROCK
Pegmatitic axd Granitic Phases

Pegmatites are extremely plentiful, while there arc a few small granite.
bodies, particularly west of the homestead.

Granite bodies are situated mostly close to the contact of the batholith with
the country rock, none, occurring beyond half a mile south of it, Closer to the
homestead granites arc associated with milky quartz reefs, Coarse pegmatitic
granite occurs on the ridge adjacent to the homestead. Thts body has irregular
borders and penetrates along the schistosity of the country rock in separated
tongues, and it can he traced without interruption back into the granite of the
bathlolith. Thus at this point the batholithic contact is sharp and very iri^eulnr
in shape (see fig. 3).
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The pegmatites are best developed outside the zone of granitic injection.

There is a great density of pegmatite in the anticline south-east of the home-

stead, while away from this region they thill out, and on the western side o£ the

map disappear altogether. They are mainly sill-like, but occasionally are cross-

anting. Most of the pegmatites are enormous in outcrop, standing up like great

walls and extending considerable distances. Generally they hear black tourmaline

crystals, either small with scattered distribution or as nests of radiating lustrous

black prisms, producing masses of schorl rock. Pegmatites, too small to map, are

extremely numerous among the larger instrusivcs, while in lit-par-fashion, peg-

raatilic material makes the injection gneisses which are the main rode type of this

area. Most of the pegmatitic intrusives are in argillaceous rock while there is a

noticeable increase hi pegmatites where quartzites occur. The pegmatite is very

coarse-grained aud rich in felspar for which mineral it has been worked (see

fig. 5), while in one or two places beryl crystals up to IS inches long occur. Here.

too, there is usually an abundance of blade tourmaline and muscovite. The latter.

although often in great quantity, is unfortunately in nests and pipes made up of

radiating and thickly inter-grown bundles of small plates, which on the average are

only a few inches long. Nowhere in the area, despite the abundance of pegmatites

rich in mica, are there any occurrences bearing large marketable plates of mica.

The beryl is not worked except in cases where felspar is being obtained, when the

beryl is separated out and sold when a sufficient quantity lias accumulated.. While

to light-pink medium-grained aplites carrying little else besides quartz and felspar

are sometimes associated with pegmatites.

Basic rocks are mainly confined to the pegmatitc-bcaring areas, -while a little

occurs near the contact as well as several large and smaller basic masses within

jhe granite mass itself.

The largest basic inlrusive occurs near the Woman-m-White Copper Mine,

in the nature of a fine-grained uralitked and epidotized dolerite- It is associated

with both pegmatite and quartz reef and carries bundles of large blades of

amphibox (a dark green actinolite). Here the basics occur among altered

quaruites, rich in felspar and btotite hearing copper minerals which have pro-

bably been introduced by the basic rock. The copper is in the form of the car-

bonates, malachite, and azurite.

An interesting group of brownish crystalline rocks occurs about three-

quarters of a mile south of the homestead. These are peculiar albite-rich rocks

of igneous character, traversing the country rock in a north-westerly direction.

There are probably several dykes in this group,, each being several hundred feet

Ions and up lo 30 feet wide.

Quartz reefs, often of large size* are to be found where there are bodies of

pegmatite and graniLe. All are quite barren of minerals, and vary from milky

white quartz to a semi-clear smoky type. In places there is an interesting varia-

tion in the quartz, resulting from the presence of a little pink felspar, suggesting

a primarv origin of these particular reefs. They are best developed on the

western uxlrcxriily of the pegmatite area in schists interspersed with, and parallel

to, the pegmatites, thus they may have been formed late m the period of pegma-

litic injection.

SiHcifkation of country rock in places round the contact lias resulted in the

production of fme-banded dense quartatic rocks which are very hard and have

a flinty fracture. In most cases this has been effective only a few chains along:

the strike. Mylouilcs which occur here and there around the contact arc similar

in appearance, but in the siliciried sediments the banding is a continuous, original,
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sedimentary feature, whereas in the mylonite the discontinuous and flattened Iens-

!ike bands are obvious signs of crushing. Blasto-porphyritic remnants also occur
in the mylonites.

VIII MINERALIZATION CENTRES
The occurrence of the various minerals is shown in fig. 5. These arc out-

side the granitic area, except for two localities which are noted because of shafts

which have been sunk there. The materials in the dumps contain no metalliferous

mineral, but according to local information they were sunk for gold and copper-
Much more definite are those occurrences in the country rock, where evidence of
mineral occurrence may be seen in outcrops or in the dumps.

The most important mineral is barytes* A great mass of it occurs along
the ridge at Mulga Hill, as an impure barytes lode with a bedded structure pre-
served from the quartzite it has replaced. The extremities of the ore body become
siliceous and gradually pass into bedded quartzite. The barytes is very impure
and stained red and green with copper and iron compounds, and in addition it

carries grains of ilmentte and haematite up to ^" in dimensions. Further north,
barytes occurs amongst schistose rocks as smaller discontinuous bodies of better

quality, and although it is iron-slained, granular iron ores are absent. Costeans
across the schists reveal scams several feet wide but their continuity in depth is

unknown.

Felspar is of importance in this area and great quantities of it occur which
could be readily worked. Near Mulga Hill is a large felspar-rich pegmatite from
which much felspar has been quarried. Muscovite, tourmaline and beryl are also
abundant in this pegmatite.

Copper occurs in several places. Near the Woman-in-White Quartz Reef,
rhere is a shaft now full of saturated cupper sulphate solution with crystals of
copper sulphate encrusting the wa'ts of the opening above water level. The
country rock is quartzite, carrying small strings and veins of azurite and malachite.
Over the hill to the north (here are a number of shafts sunk in quartzites and
slates which carry copper carbonates in their outcrops, but apparently nothing of
any value was obtained. These shafts, it is said, also yielded some gold.

Guaim.mte occurs in one locality. Jt is of poor grade and occurs as a gritty
graphitic mica schist.

Othor well-developed minerals, of lesser economic importance, include -the

following :

—

Gar.VET, a red alrnandinc variety, occurs associated with epidote and
actinolite in buticlies of large crystals in quartzite beds on the hill south of the
homestead.

Sphf.nu. epidote and zoisite are found on this same hill and elsewhere in
in the area. Thin impure calcareous beds amongst schistose and slaty rocks
probably supplied the lime to form these minerals.

Kyanite occurs as thin bluish blades in schists to the west; of Mulga Hill

IX. FEATURES OF THE CONTACT
The contact of the igneous rocks with the country rocks is not always visible,

being in part covered by alluvium.

To the west the contact is sensibly straight, very sharp against the gncisstc
granites, and trends north-westerly (pi. sx, fg. 4). The varved slates scarcely
change right up to the contact, except for the last' two or three feet where they
lose their identity and become greyish, schistose or phyllitic, and develop large
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micas. Similarly, calcareous and tillilic bands are without change right up to the

contact Although the line of contact between the country and the granite rock

may he mapped as a regular line, it has ernbayinents and other irregularities

extending cither side of a moan contact line, but they cannot he shown on the

scale used. An unusually irregular portion of the contact is illustrated in i\g, 3.

The contact to the north-east is well defined with strong raylonite zones developed

along it. The country rock against the most easterly portion of the contact shows
an enrichment in felspar, producing a grey-white fine-grained granular rock.

X. GRANITIZATION PHENOMENA
Evidence to support a granitization theory of origin is to be gathered, from

( 1) the major folded tillite horizon in the south, and (2) from the batholith itself.

The tillite forms excellent exposures where it is folded in the southern por-
fion of the area. The ruck, where well granitized, has a dense matrix of pink

ortboclase,. black biotite, museovitr and quartz, in which erratics with indistinct

outlines are set (pi. xfe fig. 3). This matrix was formerly the normal phyllitic

pir slaty type which $ typical of tillites, in ibis country. The stage of alteration

ot the rock is evidenced by its erratics, ibe outlines of which become faint in

strongly gnuiirized rock, while the original sluipe and lithological character are
retained in unaltered portions of ibe tillite still retaining a slaty base. Argilla-

ceous erratics arc dark and hnrnfclsic, with none of the original slaty cleavage.

Quartzite erratics are unchanged except for rc-crystallization which ha? occurred
in some, producing a dense structure which i,> so continuous that individual giains
cannot be distinguished.

Granitic boulders appear fresh and unaltered, probably due, to recrystalliza-

tion with the. reconversion of secondary minerals to the original primary ones,

which would readily occur under gramtizing conditions, (meissie rocks appear
fresh and rccrysiaitized with a strong gneissic structure, which may be the result

of recrystall izatinn of components such as felspars, quart/., and micas, to larger
individuals.

The* granitic nature of (he roel< as a whole is manifest by its genera! appear-
ance in outcrop, namely, in Ihe development of right-angular "joint sets, and sheet
jointing parallel io the surfaces. The granitization is not homogeneous through-
out, for unaltered tilliie may be in contact with strongly or partially altered
material Where granitization has been weak the tillite reiains its slaty-phvllitic

base, its grey colour, and its typical form of bladcd cleaved outcrops. These
weather relatively easily so lhat erratic? lie scattered about, and cavernous hole.-,

the spaces once occupied by erratics, appear in the outcrops. This contrasts
strongly with adjacent rounded granitic-looking outcrops with no loosened and
weathered erratics lying aboul. Tin- solidity of the alterefl lillite is exhibited
where, in the anticlinal fold, it form? a great ridge covered with rounded platy
outcrops ;ind granitic tors. Rands* of fluvioglacTals within ibe tillite take on an
aplitic appearance where the graoirizing effects are greatest. WIkmi withered
extensively,, the graniiized tillite looks Ytkt any decayed granite, The rectangular
joints become enlarged and the rod, becomes swollen nnd friable by internal
expansion of felspars as these alter to clay*;, finally leaving a sandy 'micaceous
residue of soil .surrounding the outcrops.

North-wcFtward from the main .anticline in tillite, a long ridge of altered
tillite makes a strong topographical feature. Irregularly grankized tillite and
Jluvio-gb'cials extend the full length of the ridge, bul toward the creek nt the
north-west end of th- ndgc only odd hrmd;; of well granili/.™! rock remain amongst
unaffected tillites, iluvioglacial.s and varved slater
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A few hundred yards to the north of the granitizcd tillitt- there is a. small

patch of granitizcd country rock. Locally the structure of the varved slates

becomes unrecognisable, but in general they appear to ''flow around" this small

altered area. Various rock types occur within., including an abundance oF
injection-gneiss with granites and pegmatites. Quartzites, having well -defined

outcrops, wind about amongst the latter and do not appear to have been much
altera!. Some ampbiboliLc occurs here also, while on the north-west margin
ihcre if. a great development of small quart* reefs.

Whether the "balboliih" itself has resulted from intrusion or granitizaticm

< : difficult to decide without more information, particularly chemical data regard-

ing lite composition o[ the various zones of rock types.

The xoues or injection gneiss carry a great deal of granitic and pegmatitic

material and often this imperial actually dominates over gneissic rocks, while the

gneissic rocks themselves arc largely made up of quartzo-felspathie "ht-par-lit

bands
7
', Well within the batholith these injection gneisses are gradually replaced

by nn^matitcs, indicating a conversion of the material of these gneisses to the

i-omponents of granite. This conversion merely requires a recrystalbr.atkm and
rearrangement of materials already present in the gneisses, attended by the expul-
sion of magnesium and iron. The mam constituents of these gneisses are quari/
:md micas or quartz-felspars and micas, while the granites in the area have similar

composition with little or no biolite. Tims it would appear that MgO and FeO
Lave been eliminated during the conversion of the gneiss to granite and that some
ftsspar has been added. Tbe gneisses also carry a good deal of iron ore as dis-

^mmatcd grains, and smce these do not occur in the granite they also must have
been eliminated during the conversion.

larger and smaller bodies of basic igneous rock within the "batholith" are
-ituated in tbe zones of gneiss and may represent local conceni ration of eafemic
condiments driven from country which has been completely granitizcd. Similarly.

basics in the co tin cry rock are confined to the areas where there is an abundance
if pegtTHCrittC and granitic material which have produced high-grade schist, gneiss
;tnd injeclion-gneiss. thus these, too, may he basic segregations rather than intru-

s|V$$. Tn many cases they form irregularly-shaded bodies which are not truly

dyke tH sill-hkc.

The structure, of the gneisses suggests replacement rather than intrusion.

There is a general undisturbed srTrslo.shy throughout the "bathohilr' sensibly

parallel tt> that of the adjacent count ry rock close to the margin of the granite.

Within the batholith there is evidence of two stages of the complete granitiza-

EilUt process*

The areui rich in injection gneiss may represent the preliminary desilication

tiiigii brought about by felspathization, plus some degree of hasification. The
greater part of these gneisses are felspar-rich because of numerous thin granitic

bands within them, the introduced felspars being mainly mierocline. perthite and
ohgoclase. This indicates a considerable enrichment in the alkalies potash and
soda, i.e., a desilication ut pre-existent country rock. Furthermore, these gneisses
are nftcn rich in biotite and muscovire which represents an increase in K„0, MgO
and FeO, for [here is insufficient of these bases in the country rock to permit the

direct production of these minerals in the gneisses without outside augmentation.

These added constituents may have been eliminated from country already com-
pletely granitizcd, i.e., Xrom country now occupied by granite or porphyritic

granite and may be regarded as temporarily concentrated in the gneisses (which
arc country rocks in the preliminary desilication stages). The next step would
rjicccforc he the elimination of the MgO, FeO and excess ICO from the
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gneisses into the surrounding country rode and the conversion of the gneisses into
granitic-looking rocks. Apatite (representing l\Os ) 9 magnetite, and other iron
ores (representing FcO) are relatively abundant in the gneisses and may represent
some added degree of basificaiion.

There is a similarity between the irregular granituation within the "batholith"
and the granitized tillite iurther south in which are found all gradations from
completely unaltered tillite to crystalline granitic material in which the original
erratics are scarcely discernible, Hence it would appear that granitization as a
whole and the preliminary dedication process has operated selectively in favour-
able places and on favourable rock, thus explaining why the tillite (as a whole)
is granitized while beds above and below are noi.

The possible kxtstknce of "Fronts"

Outside, the batholtth there is further evidence of granitization afforded by
concentrations of certaiu materials as minerals in country rock adjacent to the
bathnlilb.

On the hill opposite the homestead, sphene, garnet, hornblende and epidote
are abundant and may represent FeO, MgO, TiO^ expelled from the batholithic
area, while the occurrence of the albile magnetite rocks nearby suggests local

concentration of migrating NaX) and FeO. The quartzitcs have locally been
altered to quartz-biotite-cpidote-gneisses and, considering the large quantity of
epidote present in them as well as the abundance of biotite, some MgO and FeO
must have been introducvrl into these rucks from an outside source, j&jg ' from
country which has been converted lo granite.

The occurrence of cupper and iron adjacent to the balhojiih may also be sig-

nificant, having been driven forth from the granitized area and accumulated in

these place-;. The harries which occurs close by may have resulted from the
deposition iu favourable places of minor disseminated quantities of barium com-
pounds expelled from the granitized sediments. The senilis, gneisses and quarUites
m which these minerals occur are in advanced stages of fclspathization, manifest
by numerous felspar-rich pegmatites amongst them and the abundance of telspar

and biotite in the gneisses themselves.

Hence it woidd appear thai in Ihe eastern portion of the area where the
country rock is strongly folded and thoroughly permeated by pegmatites, and
where the greatest variety of minerals bearing baste constituents are concentrated,
that a new centre of granulation is being established outside the batholith, pro-
ducing rocks comparable to Fbctite qf. the gneissie belts within the bafhoffth.

\f. CONCLUSIONS
There iw much evidence which *ugg$$g that the granite masses of Bookoo-

niata fire the result of a process of granitizadon nuber than of intrusion.

Similarly the alteration oi the bordering country rocks may not be entirely due
to straight-out processes of regional metamorphism, hut may be partly or even
wholly due to metasomatising clYccb oi

: emanations driven forth from an adjacent
area undergoing changes which -eventually converted it to granitic rock.

However, before indisputable conclusions can be reached on these problems,
more detailed work must be done. This particularly includes chemical work* in

order to be able more accurately to state the relative gains and losses of substances

in the several areas. Such conclusions as have been reached here by field observa-

tions and by the examination of thin sections, can be only regarded as tentative,

otherwise faUe impressions may be gained.
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It is hoped that they will be a useful guide to those who will probe more
deeply into the origin of this granite mass and its possible relationship to the

widespread mineral occurrences in the Olary district.
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STURTIAN TILLITE OF MOUNT JACOB AND MOUNT WARREN
HASTINGS NORTH FLINDERS RANGES

By D.Mawson

Summary

Since my earlier contribution (Mawson, 1934) on the general geology of this area, the broader

features of the Proterozoic stratigraphy of the Flinders Ranges have been solved by a succession of

reconnaissances extending over wide areas during the past twelve years. What were then referred to

as the "Munyallina beds", I hae since been ablt to correlate satisfactorily with defined horizons in

the Proterozoic succession of the Adelaide System. As a consequence, this paper is being written

with that object in view as well as to supply, as a result of a further examination of the region

executed in the year 1939, a detailed cross-section through the glacigene beds.
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Since my earlier contribution (Mawson, 1934) on the general geology of this

area, the broader features of the Protcrozoic stratigraphy of the Flinders Ranges

have been solved by a succession of reconnaissances extending over wide areas

during the past twelve years. What were then referred to as the "Mitnyallina

beds", I have since been able to correlate satisfactorily with defined horizons in

(he Proterozok succession of the Adelaide System. As a consequence, this paper

is being written with that object in view as well as to supply* as a result of a

further examination of the region executed in the year 1939, a detailed cross-

section through the glacigene beds.

arkaroola station
\
\

/

a MX Warren Hastings f

VV

WOOLTANA H.3.
f

A very important matter left in doubt when my earlier contribution was
published was the existence or otherwise of a fault along the face of the massive

Cave Limestone formation. The possibility of a major fault in that location was

* Geology Department, University of Adelaide.

Tiaus. Roy. Sot. S. Aust., 72, (2), 30 March 1949.
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discussed (Mawson, 1934, 188) but finally discounted. However, our later

investigation, and stratigraphical considerations, show this to be a major fault

line, throwing down some thousands of feel the block to the east thereof; namely,
the country between the Cave Limestone belt and Mount Jacob. Thus it is now
demonstrated that the glacigene beds of the Mount Jacob Range are repeated
by faulting at Mount Warren Hastings.

Detailed cross-sections of the beds in these two localities are graphically
displayed hi fig. 2 herewith. The lines of section arc marked on the locality man,

CROSS-SECTION OF THE GLACIGENF SEDIMENTS OF
MOUNT JACOB

The mail coach track from Wooliaua homestead to Paralalia folloivs north,

for the first four miles, along the foot of the Mount Jacob Range, with the gently

falling Lake Frome Plains extending beyond the horizon to the east. From thr-

track, at a point about two miles north of Wooltana homestead, the geological
section to be detailed below was mn to the west over the Mount Jacob Range,
traversing the complete thickness of the glacigene beds. These are clearly

Sturtian in age. Herewith are descriptive notes dealing with each of the divisions
recognised in the plotted cross-section (fig. 2), stated in ascending order from
below upwards.

1. A few hundred yards across the outcrop of poorly exposed pre-glacial

sediments, amongst which slates and dolomites are conspicuous.
Minor intrusive bodies of diabase have been reported (Mawson, 1926).

2. A belt of melaphyre. in places amygdaloidal. This may have been a

lava flow in Proierozotc times,

3. The above melaphyre is overlain by a reddish sandstone, of some, con-

siderable thickness, dipping moderately steeply to the west. It appar-

ently post-dates the mckiplryre. In several places it is greatly disturbed

and shattered, suggesting that it is traversed by fault lines (Late
Tertiary) connected with the downthrow of the Lake Frome Plains to

the east. Dip variable 30
n
to 50 n

tp W ; strike N. 2"' K.

4. Melaphyre with some intercalations of a consolidated tuftaceous. nature
form the lower face or the range. The relation of the red sandstone
to this basalt was not satisfactorily determined: the locality being dis-

turbed by faulting. However, westward from that point, the suc-
cession of beds is undisturbed by faulting.

This thick basaltic formation appears to he mainly in the nature of

a lava flow and was originally scoriaeeous in part, more especially at

the upper and lower limits. Former steamholes are now filled by
secondarily introduced minerals, resulting in some locations of a truly

perfect and striking example of an amygdaloidal melaphyre- The total

thickness of this basaltic formation was found to be 590 feet. Us
upper surface is irregular and had evidently been subjected in places
to some erosion prior to deposition upon it of the overlying glacigene
sediments.

5. Dark grey to greenish-grey breccia. Near the base there arc plentiful

angular pieces and boulders of the underlying basalt, also abundant
fragments of limestone and dolomite, and some shale, qunrtzite and
reef quartz. This is now interpreted as a glacigene breccia. At
about 300 feet above the base some bands exhibit evidence of water
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sorting. Above this level the tillite is oi a more sanely nature; in other

ways also there is indicated to some degree, the effects of water sorting

and eiutriation. Erratics up to 2 feet in diameter were observed. In

the tipper part of this division, limestone erratics are scarce; of these

quartzite is common, basaltic rocks are plentiful, and occasional

erratics of quartz porphyry were noted .... .... -,.« 500

6. Tillite with much line base in which are distributed erratic boulders

tip to 18 inches in diameter. Jasperoid qttartzite is the more abundant

rock type represented among the erratics. Only a small percentage

of the erratics show faceting; striae are rarely seen. A well striated

example was observed partly embedded in the tillite at about 200 feet

above the base of this division. At about 300 yards above the base

tbere ure some narrow glacio-fluvial .sand bands intercalated in this

tillite. At higher horizons, erratics exhibiting striations are more
frequent. These erratics are still mainly quartzite. some of a white

variety, others the jasperoid type. Erratics of quartz porphyry, con-

siderably kaolinized, are less frequent .... .... .... .... .... 525

7. Giario-fluvial sediments alternating with tillite,

(a) Band of sandstone. 1 ft. in thickness.

(b) Above is tillite, 6 ft. thick,

(e) Band of sandstone, 1 ft. thick,

(d) Tillite, 3 l

> ft. thick.

(c) Sandstone in part exhibiting
:J-inch laminations. At the base is

a section of true varves; alternating laminae of red argillite and
white sand. Thickness, 93 ft. Dip, 33" to \\\ ; strike, N. 5°E 105

8. Typical tillite in which some erratics of an unusiuti red-coloured

porphyry were observed M0
9. Commences below as a sandy phase of tillite but passes upward into

a normal tillite iu which small erratics are studded through an

abundant rock-flour base 100

10. Glacio-fluvial. gritty sand-rock with some pebble erratics 15

11. Commences below as characteristic tillite but quickly changes above

to a sandy phase. Near top are abundant pf=bb!es in a very sandy base ifX)

12. Glacio-fluvial sandstone 2 feet thick below, followed by 10 feet of

sandy tillite, capped by 20 feet of glacio-fluvial sandstone 32

] 3- Somewhat .sandy Lillite with plentiful erratics .... .... .... .... 200

14. Sandy tillite, less resistant to weathering ..... .., „., £>Q

15. Characteristic tillite in which, towards the upper limit, along the

summit of the Range, there are exceptionally large erratics tip to

6 ft. in diameter; most of these are of quartzite, and many arc well

striated 365

16. Tillite with plentiful large erratics .... .... .... .... .... 360

17. Characteristic tillite with many large erratics exhibiting striated faces.

An unusually good example of an ancient, typical tillite. Among the

largest erratics are chocolate-coloured quartz- feldspar porphyry and
quartzite, one of the latter measuring 5 ft. by 5 ft. by 4 ft. This is the

topmosl of (he glacigene. beds and where erosion has stripped the
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overlying beds there is exposed the original surface of the old tiilite

formation. Thus can be observed on the old surface a concentration

of erratics standing in relief by removal of the finer-drained elements

of the old boulder clay, evidently the result of surface wash.

See pi. xxiii, fig. 2 .... .... .... .... .... .... .... .... 75

Total glacigene formation .... 2,517

18. Immediately above the tiilite is glacio-laeustrine mnd and an irregular

baud of limestone up to 3 ft. in thickness, followed by blue-grey

shales, dipping 23° to the west. Strike N- K° R. (see pL xxiii, fig. 1).

These post-glacial shales are, in part, fmely laminated and correspond

to the Taplcy Hill shales oi" the Sturt locality near Adelaide, As they

pass upwards, bands obviously somewhat calcareous make their

appearance, and finally 7 at about 1*200 feet stratigraphicaUy above the

base, a thick limestone formation with some cryptozoonic mottling is

met wifh,

The general upward succession of strata to the west of the Mount Jacob
Range tiilite figured in the diagram herewith (fig. 2) and extending as far as

the vicinity of the Cave Limestone is well set out in the section on page 190 of

my earlier reconnaissance (Mawson 1934). Note, however, that a fault extends

in a general north to south direction along the Cave Limestone belt throwing

down the Mount Jacob range block.

THE MOUNT WARDEN HASTINGS BELT OF GLACIGENE BEDS

This belt is a repetition hy faulting of the Mount Jacob tiilite. Some varia-

tion in details of the succession and in total thickness is to be noted, Init this may
be expected as anticipated irregularities inherent in glacial sediments deposited

at points several miles apart.

A matter calling for special remark is the fact that whereas these glacial

depositions at Mount Jacob rest upon basal lie efTusive debris, there is an absence
of such at the western outcrop, the glacial beds there lying directly on top of

the undisturbed doiomite-magnesitc-bearmg series. This tine of section is marked
on the locality map, fig. 1,

Notes relating to the numbered divisions appearing on the diagrammatic
cross-section (d^. 2) are given below, True thick-

ness in tect

1. Preglacial shales and dolomites with some bands of sedimentary mag-
nesite. These beds strike N< 12° E. and dip to the west, ranging
between 2S° and 34° (see pi. xxh, fig. 1 ).

2. Tiilite with abundant dolomite erratics, Ouartxite erratics up to

3 feet diameter are also abundant and not infrequently show glacial

striae. A fine-grained grey granite is also represented among the

erratics (see pi. xxit, fig. 2) , 50

3. Glacio-fiuvial sandstone, siltstone and rock-flour beds with some
erratics. Included are occasional bands a foot or two in thickness of

typical lillite 626

4. Typical tiilite at hase of this section with quartzite erratics up to

2£ feet long; some large ones of grey granite and gneiss. At 50 feet

above the base the tiilite becomes more sandy until finally a glacio-

flnviat arkose; later, approaching the top of this division, it reverts in

nature to a sandy tiilite ili4 244



SECTION ACROSS THE PROTEROZOIC GLACIGENE STRATA OF THE MT JACOB RANGE

w.

G^ACIGlIN'E *r^ENT5 PPE-OCACIAL MELAPHYRES AND DOCOMITt-BEARWG SEDIMENTS

w
SECTION ACROSS THE PROTEROZOIC GLACIGENE STRATA NEAR MT. WARREN HASTINGS

iorr-GLA*::/\i_ GLACIGENE Sf.OIMCMTS PRE-GUACIAL MAGNESITE 1 DOLOMITE-BEARING SEDIMENTS
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5. Tillite with well glaciated erratics ,.» > 64

0. Glaeio- flit vial silts and minis, containing large erratics in the upper

section

7. A glacial mud base with plentiful very large erratics up to 5 feet

diameter. Nearly all erratics are quarixite; one is a quartzite con-

glomerate (pebbles in it also quartzite) .... 14b

S. TiJlite and glacio-lacustriue mud shales with plentiful large erratics.;

one is a coarse granite ....

9. Typical tilhte with abundant striated erratics to 3 feet in diameter;

granite with quartzite common, Some erratics are greatly weathered

basaltic rocks •- ••- ••• < ••** *• ••• ""

10. Glado-rluvial sandstone

11. Tillite n
12. Glacio-iluvial sandstone ^

•••• ?S

J3; Characteristic tillite crowded with erratics 272

14. A sand phase tillite * - * -•- W*
15. Typical tillite, rich in large erratics, many of which are .striated ...* 704

Total glacigene formation ..,. 3,098

16. Post-glacial plates, striking NC 12° \L and clipping west 33°.

Several hundred feet above the upper surface of the foregoing glacigeu?.

beds, intercalated in this slate formation are thin bands of limestone, then more

slates and finally a thick formation of crystalline limestone at possibly 800 feet

above the base. Dip here 36
c

to VV.

THE 1'OST-GLACI Al. RECORD WITHIN Till-: AREA UNDER
CONSIDERATION

These curl cropping belts of glacigene accumulations are each followed by a

cor responding succession of post-glacial sediments. Namely laminated rock-flour

-iirs below., passing upward into flaggy beds, among which are occasional bands

t& a somewhat calcareous nature; these in turn finally lead to massive limestones.

This also, it will be noted, is the order of succession above the Sturtian Tillite

near Adelaide, which locality is some 330 miles further south. Here, however,

the laminated slates formation is much less thick, while the limestone develop-

ment is vastly greater and more varied.

On my second visit to the Mount Jacob area, T did not rc-mcasure the post-

glacial succession above the Mount Jacob belt; such data as appear in my earlier

paper (Mawson, 1934), though hurriedly secured, should be a satisfactory record

up to the faulted area where chocolate shales appear; refer to item 10 of that

record. Summarized, the overlying beds there stated include from below upward

about 1,250 feet of laminated slates and flaggy calcareous slates followed by over

2.000 feet of heds highly calcareous. These latter arc massive limestone below.

in part siliceous and dolomitic, passing above to tlaggy, handed limestones with

associated argillites, which bear the characteristic features of shallow water

accumulations. They are rich in oolitic and pisolhic structures, as well as

exhibiting several stromatohthic forms corresponding to types often referred to

;is records of calcareous algae. These latter can he seen also in the face of the

Ncpowie Rampart a little to the north of Balcanoona homestead.
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The argillites and limestones of this belt arc surprisingly tree from any form
of advanced metamorphism such as lias affected their equivalents in the
Umberatana-Yudanamatana region some 20 miles tu the west-north-west,

THE GLACIAL RECORD
It will be observed that tile measured thickness of the giacigene belt at Mount

Jacob is only 2.447 feet, while at Mount Warren Hastings it is 3,098 feet.
Perusal of the succession suggests that there is some indication of a rough corre-
pondence iu the deposits of the two localities, if read downwards from the top
in each case. This suggests that the underlying surface upon which the glacial
sediments were deposited stood at a higher \fffd a! the Mount Jacob location than
was the case further to the west; perhaps a result of the volcanic accumulations
in the former locality.

Details already listed of the changing; nature of the giacigene accumulations
illustrate the intcrbedding of true tillhes with glaclo-fluvial deposits. The latter
range from true varved sediments and well-graded sandstone, to water deposited
arenaceous and argillaceous beds with occasional embedded erratics. The most,
massive tillftcs met with constitute the later depositions; there the erratics reach
unusually large dimensions. Dr. YVoolnough (1926) mentions having observed,
in the more southerly extension of the Mount Jacob belt, a vitreous quartzitc
erratic .some 9 feet in length.

The glacio-iluvial sediments embedded in the giacigene succession are net
anywhere of great thickness, so that they cannot be construed as necessarily
inferring an intcrglacial climatic break; they may have resulted from purely local

conditions. There is therefore in this area nothing corresponding to the thick
intcrglacial Willyerpa quartzitc formation of the. Bibhando Dome, which $
distant little more than 100 miles to the south. As these glacial beds are all nf
one epoch,, and as they are tallowed by a sedimentary sequence corresponding
with the post-Sturtiau succession, we conclude that the Mount Jacob tilh'tcs are
of the Stunian epoch, not of the earlier Bihljando (Mawson, 1948) period.

Erratics embodied in the giacigene deposits include some granites and
povphyrirs so closely similar to types met with in situ in the Mount Painter com-
plex that it seems certain that they were in fact, derived therefrom. These are
mainly both grey and brown acid' porphyries and both light grey and reddish
granite. Less often gneiss and. schist are encountered.

Chic quite remarkable erratic recorded Li itself a ttlloid rock, of which then-
is little doubt that it is actually a lillne. Thus the existence of an earlier glacia-
tion appears to be evidenced.

Commonest of all are quarrzites, and of them one type appears to be identical

with the rock constituting the great quart zite formation overlying the central old^r
Preeambrian complex in certain localities, such ss along the Arkaroola near the
junction of Radium Creek

LOW down in the succession erratics ot dolomite and limestone are remark-
ably abundant; a common type closeiy resembles a limestone of the underlying
series.

In the Mount Jacob area the lowest part of the giacigene belt is remarkably
rich in fragments of the underlying "basic igneous rocks. This leaves no doubt
but that the ice responsible for the accumulation overrode areas of that basalt.

These facts arc evidence of the existence of ice-covered laud m the vicinitv
of Mount Painter during the Proterozoic glaciation, It h not necessary to look
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to the Gawler Ranges, as s»gg0&ed liy Howehin, (or the source of erratics of

red to brown acid porphyry, for occurrences, of the kind do occur in the neigh-

bouring Mount Painter complex.

THE PRE-GT.ACIAT. RECORD
The sediments underlying the glacial formation are arenaceous and argilla-

ceous flaggy beds with much interbedded dolomite and magnesite. This corre-

•-ponds to the magncsitiferous formation met with beneath the Proterozoic tillite

in many other parts of South Australia, for example with that recorded

i Maw^on, 1947) west of Copley and at Mtmdallio Creek. The extensive

development of sedimentary deposits of pellet magnesite (see Mawson and Dall-

witz 1945, p. 23) below the Mount Warren Hastings belt of tillite is specially

noteworthy. We did not meet obvious magnesite beds below the Mount Jacob

tillite outcrop,' doubtless owing to the very narrow belt exposed to view.

The prc-glacial basaltic igneous activity (Mawson. 1926) on a considerable

scale exhibited below the Mount Jacob belt and its absence in lite section 8 miles

lo the west js evidence of its local nature.

NE. ARKAhOOUS *w.

I

"./ V /-> 7'Ct

MT. PAINTER COMPLEX ARKAHOOtA
SERIES ?

ADELAIDE SYSTEM

Fig- i

IVy following the Wy\vyana u ' dowr to its junction with the Arkaroolu,

rhence to the junction of Radium Creek, a complete cross-section of all under-

lying sedimentary formations between the tillite and the old Mourn Tainte;

complex is traversed (see sketch section, ftp *\). Fh>t in the downward sequence

comes Ihe inagncsjliferous dolomite-bearing series, then a massive quartzUe

formation which should correspond with the Emeroo QuurUUe (Mawson, 1947)

of the western Flinders Ranges. Next conies an older succession: argillites and

limestone, in part richly doloniiUe and sideritic, overlying a basal quart2ite. Asso-

ciated with this section of ihe record is rather abundant basalt in part, at least,

intrusive. P.eueath this older group of sediments 'ire (he granites, gneisses and

grannlilt^ of the Mount Painter complex.

The oldest series of sediments mentioned above is referred to in the sketch-

section as the Arkaroola Series. It is everywhere greatly metamorphosed. In

-ome of its course the quarizite is rendered almost "vttieous". The calcareous

formation ha& been converted to actinolile-phlogopite-stderitc schists and marbles.

t.'alcarcou.s slates have been changed to scapolite-rich schists..

We bave met a corresponding succession in other localities when passing

into the Mount Painter complex. In some other areas, this basal quartzitc has

been fcldspnthised and otherwise incorporated into the underlying gneissic system.

Roof pendants (Mawson 1923, p. 376) in the red granite cast of Mount

Pitts, composed of corundum, pleonaste and cordieriie schists., appear to be highly

metamorphosed fragments of this scries.

Oy This creek is .spelt variously on maps in circulation. However, the spelling :l<

here given is that advised as correct usage by Mr. CtTecnwnoil, proprietor oi that area

of country.
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DESCRIPTION OF PLATES

Plate xxii

Fig. 1—General view of the outcropping magncsite-dolomite-bcaring series under-
lying the glacigeue sediments. View looking south-west from a point about a mile

north-west of McLeisli's Well.
Photo by R. H. .lone-i

Fig. 2—General view of the lower part of the outcropping glacigcne sediments
where they overlie the magnesite-dolomitc-bcaring scries about R miles west-north-
svest of McT.cish's Well. The base of the cclacigene beds is the tillite knob showing as

a dark patch near the left margin of the picture.
Photo by R. H. Jones

Platk xxiii

Fig. I—The top limit of the tillite, where is appears as a cliff face capped by a
thin band of limestone followed by a thick scries of laminated shales. Photographed
in creek bed on the western side of the Mount Jacob Range at western end of section.

Photo by U. H. Jones

Fitf. 2—The top limit of tillite on the western side of the Mount Jacob Range and
west end of section. Here the thin band of limestone and slates capping the tillite has
been eroded back to reveal a fossil moraine surface studded with large erratics.

Photo by R. H. Jones
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Fig, 1

( ilaciw-flnvial sediments overlyhtg the Uppet limit of the

Mr.iuit Jacob tilljtc.

Fi*. 2

The original surface features of the Proterozolc tillitc

uncovered l>\ erosion £>f overlying iflacio-fluvial sediments.



THE SIGNIFICANCE OF THE OCCURRENCE OF FOSSIL FRUITS IN THE
BAROSSA SENKUNGSFELD, SOUTH AUSTRALIA

By Paul S. Hossfeld

Summary

In a paper read before this Society in 1935 (Hossfeld, 1935) the writer, on page 51, referred briefly

to the occurrence of lignitized fossil fruits below the present surface of the Tanunda Plain. These

fruits were obtained at a depth of 320 feet below the surface from a bore just over two miles from

Tanunda, in a direction a little east of south, on Section 650, Hundred of Moorooroo, South

Australia, on the property of Mr. H. A. Lindner, who made the specimens available to the writer.
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THE SIGNIFICANCE OF THE OCCURRENCE OF FOSSIL FRUITS IN THE
BAROSSA SENKUNGSFELD, SOUTH AUSTRALIA

By Paul S. Hossfeld

[Read 11 November 1948]

In a paper read before this Society in 1935 (Hossfeld, 1935) the writer, on

page 51, referred briefly to the occurrence of lignitized fossil fruits below the

present surface of the Tanunda Plain. These fruits were obtained at a depth of

320 feet below the surface from a bore just over two miles from Tanunda, in a

direction a little east of south, on Section 650, Hundred of Moorooroo, South

Australia, on the property of Mr, H. A. Lindner, who made the specimens avail-

able to the writer.

Trans. Roy. Soc. S. Aust. r 72, (2), 30 March 1949.
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They have been described and identified by Miss Helen T. Paterson, B.A.,

who is responsible also for the sections and drawings. The descriptions and
illustrations are incorporated in the present paper.

A plan and a section are included in order to demonstrate the writer's con-

elusions regarding the structure of the area.

The area described in this paper consists of the southern part of the

Tanunda Plain, the lowest part of the area, and the higher areas to the east and
west. The eastern section includes part of the Barossa Ranges in the vicinity

of Mount Kitchener, and the western section consists of part of the Gomersal
Plateau.

As will be noted from the section the area is one of diversified relief, pro-
duced by the differential movements of fault blocks and their subsequent dissec-

tion and erosion. The area appears to have formed a part of the extensive Aus-
tralian Pre-Mioeenc Peneplain. Warping and block-faulting, commencing probably
in the Early Miocene in some areas, and continuing episodically until Recent times,

have dismembered the region and destroyed much of the pre-existing drainage.

The trough fauUing which took place in this area resulted finally in the

development of the Mount Kitchener Horst, descending by a series of step-faults

to the lowest part of the fault basin on which Tanunda is situated, and ascending
on the western side by two or more step-faults to the comparatively low Gomersal
Plateau. The maximum vertical movement known is in the vicinity of 1,400 feet,

the height of Mount Kitchener being 1,965 feet, and the fossil fruit deposit

approximately 560 feet above sea level. The Gomersal Plateau, before recent

dissection partially destroyed it, appears to have had an elevation of between
850 and 900 feet above sea level.

V WARCOGTA ALLUVIUM

Pliocene
rossiu
FHVt

t t

BAKOSSiAN COMPLEX

SCALES
HORIZONTAL

VSRTJCAL
* IH4H * I WILC
I JNCH = 2O0O Fcxr

FIG. 2 mu.

All ot Uie above fault platforms, the postulated positions of which are marked
on the plan, are covered to some extent by alluvial deposits, which mask some of

them completely. Thus the existence of the fault block on which the fossil fruits

occur, and which will be referred to as the Kabminye Block, could not be proved
nor its depth determined until the bore supplied the necessary evidence.

The fertile plain on which the towns of Nnriootpa and Tanunda and a

number of villages are situated, owes its origin to the filling- of a fault trough,

chiefly by alluvial deposits from the Barossa Ranges which form its steep eastern
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FIG. 3
Phymatocaryon Mackayi—Fig; 1, Whole fruit presenting sutural edge. Fig. 2, Valves

separated, external view. Fig. 3. Valve,, inner side. Fig. 4, Whole fruit showing
its summit.

Concotheca turgid®—Fig. 5, Whole fruit. Fig. 6, Whole fruit showing sutural side.

Fig. 7-9, Valves separated, with shrivelled seed. Fig. 10-12, whole fruits. Fig. 13-

14, Valves external, internal.

Phioclinis Cotuchmanii—Fig. 15, Side view of fruit. Fig. 16, Fruit seen from below.
Fig. 17-18, Showing valves. Fig. 19

f
Transverse section showing seed. Fig. 20,

Frulit seen from above.
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The down-faulting and warping which producer! this fault trough extend
much further, and although not marked hy the deposition of the deep alluvium
characteristic of the Nuriootpa-Tanunda Plain, these extensions are so obviously
part of the same system of crustal deformation that they have been grouped by
the writer under the term "Barossa Senkungsfeld" and will be described aud
referred to as such in a paper which is being prepared.

The following descriptions, identification, sections and illustrations have been
supplied by Miss Helen T, Paterson.

In classifying the specimens Miss Patcrsou retained (lie nomenclature used
by Baron von Mueller, but as his work had not been revised according to the
present knowledge of our flora the affinity to the existing genera has been shown
where possible.

DESCRIPTION OF FOSSTL FRUITS FROM SECTION 650,

HUNDRED OF MOOROOROO, SOUTH AUSTRALIA
Family SAPINDACEAE

Phymatocakyon Mackayi Mueller

Phymatocaryon Metckayi, F. v. Mueller, 1S74, p. 11, 12, pi. it. i\g. 1-15.

Two specimens of an oval drupaceous fruit, somewhat pointed, with an
irregular muricatcd putamen. 3~va!ved. The furrows run in symmetrical form
from base to apex. One specimen is very compressed as though subjected to

pressure. These fruits resemble the living forms of Elaeocarpits, for example.
£. grandis, and correspond to those described by Baron von Mueller, 1874-1883.
in his Observations of New Vegetable Fossils of the Auriferous Drifts, as

Phymatocaryon Mackayi, and by Henry Derme in his Tertiary Fossil Fruits from
Deep Lead. Foster, South Gippsland, 1923, p. 490, pi. be, rig. 13-16.

Several fruits of this genus are also described by Ettingshausen, Tertiary
Flora of Australia, 1888, p. 157, pi. xiv, %. 3, 4, 5. 5a; p. 63, pi. vi, fig. 9-12
These were collected from Keaconsfield, Tasmania ; and Elsmortv New" South
Wales.

CONCOTHECA TUKCfPA Muelkr
Concothcca inrgida F. v. Mueller, 1874, p. 42, pi. x. fig. 6-12;

Deane. 1923, p. 491, ph lx, fig. 11, 17-21.

Several small capsular fruits occur, globular in shape, cavity deep and round.
Size circ. £" long. Valves show an acute line at the edge and a partial aril or
prominence. These fruits resemble those found at Nintingbool hi the Older Plio-
eene drift aud also at Tcmgjl, as described by Mueller under Concothcca turgiila
In his Tertiary Fossil Fruits from Deep Lead, Foster, Deane identifies several
fruits similar to C. turtfuhi as belonging to the family Sapindaceae, the genus
Alectryon (NcphcUum F. v. M.) of the present-day flora suggests some affinity.

Pj.eiocli.ms Coucilviami Mueller

Plciocllnis Couclvmouli F. v. Mueller, 1883, p. 19, pi. xix. Jig:. I -11.

Observations—A fruit resembling a nutmeg- in appearance, 7-valved, 1" long',

I" wide, ovate. The outside tubercular and of woody hardness, one seed only,
not well developed* oblique with a minute apex and a smooth thin testa.

This fruit is distinguished from the genus Pcnlcmxc by the number of its
valves. Similar specimens have been found at Haddori anrl Nimingbool.

The present-day jrenus Plciogyuinm. Kngler. shows the same plurality of
valves.
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Pentamc trachyclims—Fig. 21, Front view of fruit. Fig. 22, End view. Fag, 23,

Section showing valves and seeds.

Rhytidothcca Lynchii—Fig. 24, Whole fruit. Fig. 25-26, Valves and seeds. Fig. 27-30,

Valves of smaller fruit, external, internal, side views.

Spondylostrobus Smythii— Fig. 31, Whole frulit. Fig. 32, Fruit seen from above.

Fig. 33, Section showing seeds.
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Penteune tracuyclinis Mueller

Pentcune trachyclinis F. v. Mueller, 1874, p. 22, pi. via, fig. 10-17.

Observations—a large fruit 1£" long, 1" wide, broadly ovate; consists of five

valves to the base. These are thick and woody, seeds not developed.

Similar fruits have been found at Smythe's Creek and in the Tertiary traver-

tine at Gcilston Bay, Tasmania,

Henry Deane in his Fossil Fruits from a Deep Lead, Foster, compares fruits

found there with P. Clarkei, F. v. M. (1923, p. 490, pi. Ix, fig. 1, 2, .V) and the
present-day Omenta venosa, but points out the difference in the number of valves,

only one oirt of three being 5-valved. These fruits show a similarity in shape and
number of valves to the family Meiiaccac, which is not represented in Victoria

at present.

Family MEL1ACEAE
Rhytidotiieca Lynchji Mueller

Rhytidothcca Lynchii F. v, Mueller, 1874, p. 15, pi iv, fig. 1-8,

Observations—Several boat-shaped valves occur, c. £" long and \
rf wide,

with roughened tubercular surface. These resemble the genus Flindcrsia, but its

wing-shaped seed in a decomposed state has not been preserved.

In F. v. Mueller's Fossil Fruits a similar type of fruit is figured as Rhytido-
thcca Lynchii. This species shows an affinity to the present-day lUindersia*
Henry Deane describes and refers two fruits from a Deep Lead, Foster, to

R t Lynchit but stresses their resemblance to Plindersia maculosa. These valves

are of a smaller variety*

Two complete, oblong, capsular fruits, one If" long, i" wide, have each five

roughened valves, not echiuatc, and contain a woody placenta with flat seeds on
cither side. These fruits may be referred to the same genus.

Family CUTRESSINEAF;
Sfondylostkobus Smytiiii Mueller

Spondxlostrobrts Sm\thii F. v. Mueller, 1874, pp. 8-9, pi. I, fig, 1-8;
lbidy 18S3, p. 13-14, fig. 5A, 5B

Observations—A large fruit, V/' long, \" broad, consisting of four valves
with wide ridges at the apex, becoming convex and narrow at the base. Seeds
two, free from the valve. Similar fruits have been found at Haddon, Victoria;
Orange, New South Wales; and Lacmccston, Tasmania.

There is no evidence of this type in the present flora; the nearest affinity is

found in the conifer Cttllitris and its sub-genus prencla; these plants show a
similar vcrtieillub of fruit valves.

DlSCUSSTON

A review of the available literature suggests that while these fossils appear
to be of Pliocene Age, their position within the Pliocene cannot be determined
at present-

Further collections and investigations might modify the above age determina-
tion. Whatever the final verdict as to their age may be, these fossils supply
evidence of the beginning of downwarping and possibly faulting, In the area.
The dismemberment of the peneplain in this area appears \o have begun by crustal
warping, wliich eventually culminated in the development of block-faulting in
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portions of the warped areas. Further to the north, warping produced monoclinal

flexures which can still be recognised. If the fossils are definitely of Pliocene

Age then the movements must be at least as old as the Pliocene.

These movements have continued episodically until recent times and may not

have ceased entirely; alluvial, lacustrine and fluviatiie deposits covering the

Pleistocene-Recent Period occur in a number of areas m the Northern Mount

Lofty Ranges.

There is reason to believe that other deposits similar to the fossil fruit

occurrence in the Kabminye Block occur, not only beneath the Nuriootpa-Tanunda

Plain, but possibly also in other similar localities such as the Dutton Plain, the

Mount Crawford Plain and others.

Although the existence of lignite of Pliocene Age is a distinct possibility, it

appears likely that, should such deposits exist, they would be comparatively small,

and probably uneconomic because of other adverse factors.

Acknowledgments—The writer is indebted to Mr. H. A. Lindner, of

Kabminye, for the loan of the fossils; to Mr. H. B. Lindner for his assistance to
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THE GEOMORPHOLOGY OF COUNTY VICTORIA, SOUTH AUSTRALIA

By T. Langford-Smith

Summary

The geomorphology of County Victoria is analysed on the basis of three distinct zones, known
respectively as the Pirie Plains, the Central Highlands, and the North-Eastern Plateau. An attempt is

made to interpret certain structural and landform phenomena within these zones, particular attention

being paid to the sand dunes of the Pirie Plains and the ridge-and-valley structure of the Central

Highlands.
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ABSTRACT
1. The geomorpho!ogy of County Victoria is analysed on the basis of three

distinct zones, known respectively as the Pirie Plains, the Central Highlands, and
the North-Eastern Plateau. An attempt is made to interpret certain structural
and land form phenomena within these zones, particular attention being paid to
Hie sand dunes of fhe Pirie Plains and the ridge-and-vulley structure of the
Central Highlands.

2. Attention is drawn to outcrops of Tertiary gravel within the Count v,

and the probable relation of this gravel to Tertiary and post-Tertiary topography
and drainage patterns.

3. An attempt is made to correlate tectonic movements that have taken place
since the Tertiary.

4. The drainage systems within the County are discussed, and evidence
is submitted in support of a "stream capture" theory which would account for
anomalies in the course of many of the existing streams.

* Department of Post-War Reconstruction, Canberra, A.C.T
Trans. Roy. Soc. S. Aust., 72, (2), 30 March 1949.
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INTRODUCTION
This is the second paper on the Geography and Geology of County Vic

tona. (l
> It is an attempt to analyse the physiography of the area, and then to

interpret, on a geomorphic basis, certain structural and landform phenomena.

Air photos to a scale of four inches to a mile were available for tbe eastern

half of the County, and these were used extensively during the field investigations,

and also for mapping details of stream patterns. A contour map of the County
was compiled from the photographs with the aid of engineering levels and some
aneroid heights, and this has since been published in C.S.I. R. Bulletin No. 188,

1945. The drainage systems in rig. 1 are based on this map.

PHYSIOGRAPHIC ZONES
There are three major physiographic zones in County Victoria: the Pirie

Plains, the Central Highlands, and the North-Eastern Plateau (see fig. i). Of
these, the Central Highlands is by far the largest and occupies all the central part

of the County. Only a small part of the North-F.astern Piateau (mostly confined

to the Hundred of Whyte) is included in County Victoria, but this zone extends
over a considerable area outside the County boundaries. The Pine Plains include

the regions between Spencer Gulf and the Central Highlands.

The three zones are discussed in detail as follows ;

A. Tun Paul-: Plains

These are defined as the low-lying coastal areas which are bordered on the

east by the highlands and on the west by Spencer Gulf.* The parts of this zone
in the neighbourhood of the town of Port Pirie have been described in some
detail by Martin (1939) in a regional study of the Port Pirie district. Martin
has adopted a subdivision of the area which has been extended in the present
sfottdy to include the whole of ihe Pirie Plains. The writer is of the opinion thai

Martin's classification would he difficult to improve, and the only amendments
suggested are the insertion of an additional very narrow subdivision, the "Nap-
perby Pediment/* and the u££ of the spelling "plane

17

in preference to "plain
11

in
4

\Napperby Conoplain." Martin's subdivision "Pirie Plains" has been changed
to "Eroughton Plains" to avoid confusion with the larger physiographic zone
discussed in the present paper.

With these slight amendments, the dabsihcrition reads a* follows (see fig. 1)*:

(i) Shoreline (v ) Sand Dune Belt
(ii) Tidal Fiats (vi) Nappe rby Conoplanu
(nT) Eroughton Plains (via) Nappe rby Pediment
(iv) tiroughton River Flats (viii) Milcowie Block

(l) Shoreline

Within the limits of County Victoria the coastline is approximately arcuate.
Although it is not broken by any major irregularities, there is an intricate network
of small inlets and tidal waterways. Mangroves flourish, and give to much of the
coastal area the appearance of a tidal mangrove woodland. The coastal plain
adjacent to the shoreline is very Hat, and the. sea very shallow. There is thus an
extensive tidal area.

W The earlier paper was entitled "The Geo'.ocy of the Jamestown District South
Australia,'

1

Trans. Roy. Soc. S. AusL, 71 (2), 2S\-2V5, 1947. The field work for both
papers was undertaken by the writer in 19-11 and 1942 while a member of a C.S.I.R. Soil
Survey Party.

* See pi. .vxiv, fig, 1.
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The larger inlets are Port Piric Creek, Fisherman Creek, and Port Davis

Creek. Fcnncr (1931) considers that Port Pirie Creek was once the mouth of

the Broughton River, and Martin thinks that Fisherman Creek and Port Davis

Creek are also the abandoned estuaries; of former rivers. Martin (1942) has

noted the presence of submerged off-shore bars in the neighbourhood of the

Fisherman Creek inlet. These bars are several feet below sea level.

The characteristics of a shoreline of emergence as outlined by Johnson

(1919) correspond very closely with those of the shoreline under discussion.

Examination of the dune ridges inland shows that considerable emergence must

have already taken place. However, the present existence of off-shore bars is

indicative of the initial stages of a period of emergence. It is therefore probable

that the whole process of emergence has not been continuous, but has occurred

in stages which have included minor static periods or even brief periods of sub-

mergence.

lii) Tidal Flats

Martin has defined this area as ''that lying between sea level and the western

limit of the red sandy soils on the (Broughton) Plain to the east." The whole

id the area is not continually subject to tidal action; the higher parts are only

occasionally flooded, following abnormally strong winds and high tides. Swamps
are a feature of the area. The soils are saline and are heavy in texture, cracking

extensively when dry, in times of heavy rain the area receives additions ot

clay and silt which are carried down in suspension from the conoplanc which lies

eastward. The tidal flats are characterised by the growth of salthuph and samphire.

Cm) The Browm'jhw Plains

These arc bounded on the cast by the sand dune belt, and on the west by

the tidal flats. The plains arc divided by the Broughton River Flats into h

northern and a southern sector.

The Broughton Plains arc found enly below the 100-ft. contour. They arc

not perfectly flat, but include a number of shallow depressions which become

swamps after rain. Martin has indicated that these depressions are due to rfci

action of streams which are now extinci. Tic has found further evidence of pasi

stream action near the town of Port Pirie.

Jt the Broughton River once flowed to the sea yf# Port Pirie Creek, it musl

have since passed through a period during which it wandered across various parts

of the Plains, and in this case could have been responsible for many of the stream

relics seen today.

(iv) The Brougtitox River Flats

These are the flood plains of the Broughton River, They cover an area some

5 miles in width and 16 miles in length, stretching from just west of l he lown

of Crystal Brook to the Tidal Flats near the coast.

There is a rather abrupt break of slope in both the Broughton R:ver and

Crystal Brook, as each of these streams emerges from the hills of the

hinterland on to the Pirie Plains, and in consequence there has been considerable

deposition of suspended material. During floods a large part of the Broughton

Flats is covered by a sheet of water, which in many places does not completely

drain away or evaporate for some days. With each flooding a fresh layer of silt

and clay is deposited.

The flood plains are almost completely flat, falling into the slope category

of 0° to 0° 30'.
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(v) Thk Sand Dune Belt

This consists oi a scries oi undulating dunes, which show a tendency to run

in a north-south direction, forming a succession of ridges approximately parallel

u> the coastline. The north-south trend is well defined in the northern sector,

near Port Pirie and Warneriown. In the Hundred of Wandearah to the south

i he dunes are more irregular, although the north-south tendency still persists;

they are here more gently undulating than to the north.

The dunes rise to a maximum of ahout 200 feet above sea level in the south*

eastern corner of the Hundred of Napperby. In general, however, it is unusual

for the height to exceed 100 feet above sea level. Throughout the area, the

crests of the dunes are rarely more than 50 feet above- the neighbouring swales

;

20 to 30 feet is more usual.

Because of the amount of loose sand that is blowing about at the present

tim<; as a result of recent erosiun, there is a common impression that the whole
dune system is unstable, and that the dunes themselves are migrating. On investi-

gation, however, the majority of the dunes were found to be supporting a stable

growth of saltbusb, bluebush and acacias, with some malice. The degree of

erosion to which they had been subjected was rarely greater than that required

to expose the roots of the acacias. This in itself would indicate that although

migration may have taken place in past geological time, there has not been any
rrcent mass movement. Additional evidence was afforded by the profiles of the

iune-i. Whenever these were examined they were found to conform to those

u£ mature, fixed soils. Grey-brown to brown malice sand (Wandearah series) was
the dominant soil type. Usually there was well-developed limestone rubble in

the subsoil, and in some cases a layer of sheet travertine. Features such as these

arc characteristic only oi fixed dunes.

The impression that the dunes are migrating is caused by erosion of portion

nt the topsoil, which is almost pure sand, This erosion has been instigated hy

^razing and, in some cases, by cropping which has disturbed the surface and
interfered with the normal vegetation cover. It ha* required very little removal

fif topsoil to build up large masses of loose sand, which at present are continually

drifting. In parts these sand drifts have caused considerable obstruction to roart

:ranspurt. especially m the Hundred of Wandearah.

In the past there has been some tendency to assume that wind is the only

eroding element which seriously affects regions such as the Sand Dune Belt

However, there is a growing inclination to place far greater significance than
formerly on the relative importance of water erosion in arid and semi-arid areas.

Although the greater part of Port Pirie's rain occurs during the winter as a result

of the southern low pressure systems, nearly one-third of the yearly total of 13"

Falls in the period October to March, and much of this in the form of thunder-
storms and rain of high intensity. Once soils of light texture such as those in

i he area concerned have been cleared pi their natural cover, they react readily

lo the erosive effects of heavy rainfall. The compactness of the upper horizon
is considerably reduced, and even if there is tip actual transportation of the soil

it becomes extremely susceptible to wind sorting when drv and commences to

drift.

Reports from the Hundreds of Pirie and Wandearah describe abnormal
stream flow phenomena m some water-courses after heavy rain, for it would
appear that the direction of flow is- not always constant Since the gradient of

ihc water-courses in these areas is ytry slight, any drifting of loose material along
the beds of the streams is likely to have a damming effect in the event of heavy
rain, resulting" in the ponding of water. In such a case, unless the water breaks
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through the obstruction and resumes fas former course, it will eventually build

up until it finds a fresh outlet upstream, and a new stream system will come

into being.

The trend of the sand dunes parallel to the coast, their "fixed" character,

and their relation to the shoreline all indicate that they are old shore ridges,

^•presenting successive stages in the history of a prograding shoreline. The

probability \hat they came into being following emergence of the coastal area has

hecu noted by Martin,, who also mentions a view which has been expressed to

the effect that the dunes came into existence following man's settlement of the

-urea. The latter hypothesis would be completely untenable in view of. evidence

available concerning tlic fixed nature of the dunes, although there is little doubt

that most of the sand at present drifting is the result of erosion which followed

rarly human activity.

fvi) TliE MaPPERKY CONOPJ-ANE

The Kapperby Conoplane and Pediment are transitional zones between the

Pirie Plains and the South Flinders Range. Martin has included in his Cono-

plane the areas approximately between the 200' and 500' contours. The writer

has inserted a "Pediment Plane" m the upper limits of the zone, and this has

reduced the upper boundary of the Conoplane to about 400'.

The Conoplane consists of a fairly regular series of parallel alluvial cones,

composed of material brought down from the steep western scarp of the South

Hinders Range by short fast-flowing consequent streams. The longitudinal profile

of each of these "streams shows an abrupt break of slope at the foot of the Pedi-

ment Plane, where a vast quantity of coarse rock material and sediments has been

deposited. The present streams arc not entirely responsible for building up the

higher parts of the cones, for here there is a considerable accumulation of talus

and colluvial material which has been brought down directly from the scarp and

carried across the Pediment Plane.

Further down the alluvial materia, becomes progressively finer in texture,

;md where the cones fan out on the Pirie Plains it consists almost entirely of

sill and ehv. Kach heavy rain results in the deposition of a fresh layer of

Miaterial. and roads across the lower parts of the Conoplane are frequently

unpayable after rain as a result of freshly deposited sediments.

in the lower part of the alluvial cones the streams lose the well-defined

channels which are characteristic of their upper courses, and numerous distribu-

taries appear.

(vii) Ttu- X'ArriiKDV Pediment

This subdivision is mainly of academic interest, for it is very much smaller

m area ttan TO others. It Is found at the base of the western scarp of the

Flinders Range in the Kapperby region and occurs as a narrow, steeply sloping

plane, which gradps into the Conoplane in its lower limits (see pi. xxiv, fig. 2).

The width is variable, ranging from a quarler of a mile to two miles. The angle of

slope is also somewhat variable, but averages about 6°.

A useful section through the plane is shown by the Napperby Creek. This

exposes bedrock in many places, particularly in the upper limits

It is significant that the Pediment Plane is too steep to permit accumulation

uf alluvial and colluvial material, and yet on the whole is not subject to down-

ward degradation like the mountain scarp. At the same time it is underlain by-

bedrock which is part of the range system, it is therefore probable that the

plane is dominantiy one of "lateral planation ," corresponding to Johnson's

definition (1932) of a pediment plane.
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From evidence of shatter zones in the bedrock seen m the creek beds near

the lower limits of the Pediment, it would appear that the junction between the

Pediment and the Conoplane may represent the approximate position of the

original line of fault, and that the mountain scarp has tctreated eastwards a dis-

tance equivalent to the width of the Pediment—that is, between a quarter of a

mile and two miles.

(viii) The Miixowie Block

Like the Napperby Pediment, the Milcowie Block is transitional between
the Pirie. Plains and the Central Highlands. It is a relatively small area between
Crystal Rrook and the southern extremity of the South Flinders Range. Martin
has noted that its western boundary coincides approximately with the 45C con-
tour, and is represented by a low but well-marked scarp. The Crystal Brook-
Hughes Gap road approximately constitutes the eastern boundary, The maximum
height of the area slightly exceeds 600 feet above sea level, the average being
about 500 feet.

Where the Sand Dune Belt adjoins (he Milcowie Block, it is appreciably

higher than the remainder of the Belt, and it is possible that the uplift which
produced the Block was responsible for the extra elevation of the sand dunes in

this area. If this be so, the Milcowie Block must have been uplifted subscquently
to the major faulting responsible for the adjoining South Flinders horst, for the

sand dunes are more recent in origin than the fault scarp.

B. Thv: CentkA), TIicmhlan-qs

(l) Gkneraji
inland from the Pirfe Plains fs an upland zone consisting of a complex series

of alternating ridges and valleys. Except for a small area in the vicinity of the

Bundaleer Reservofr, these ridges and valleys are parallel and have a remarkably
consistent north-south trend.

Three high ranges are included in this "ridge-and-valley" area, They are

the South Flinders Range, the Campbell Range, and the Browne Hill Range:
both of the latter are technically within the North Mount Lofty Rauge systeni-

The highest of the ranges is the South Flinders, which reaches a maximum n{

2,528 feet at the Bluff.

Bordering the northern part of the Browne Hill Range in County Victoria.

the upland area gradually loses its '"ridgo-and-valley" structure and merges imo
a plateau area. This has been termed the "North-Eastern Plateau" tor the pur-

poses of the present study, and is discussed later under this heading.

(if) RlDCE-AND-VALLEY STRUCTURE
In the past there has been no detailed investigation of this structure, which

is the most prominent physiographic feature of County Victoria (see pL xxiv

%. 3 and 4).

Fenner (1931), commenting on the popular view that the ridge-and-valle>

structure has been due to tilted blocks, draws attention to the possibility of
differential erosion along the strike of hard beds as an explanation. He notes
1hat in any case the true origin of the structure has yet to be determined. Tilted

blocks have played an important part in producing much of the structure of the

Mount' Lofty Ranges to the south, but except for a relatively small area in the

vicinity of the South Flinders horst, the structural geology of County Victoria

is notably different from that of ranges near Adelaide. Over a large part of the

eastern portion of the County, the writer's investigations (Langford-Smith 1947)
have shown conclusively that the tilted block theory is not tenable. Here there

has been very little major faulting, and the country is folded into a scries ot

synclines and anticlines. Some of the present valleys conform to the original
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sytich'nes. Examples of these may be found in the wide valley containing the

township of Caltowie, and that containing the headwaters of Belalie and Fresh-

water Creeks. Other valleys are eroded anticlines, an example being the broad

valley iri which Jamestown ifi situated.

In almost all instances, the crests of the ridges are strengthened by outcrop*

of highly resistant quartzite. These are particularly prominent in the eastern

and western borders to the Jamestown valley, which are represented respectively

by the Browne Hill and Campbell Ranged. These ranges are the up folded

margins of the adjoining synclinal valleys, and the quaitzite which outcrops pro-

minently in the ridges is associated with the tilUte scries and its subglacial bed?.

DnTerentiai erosion has therefore played an important part in the development

of the existing ridge-and-valiey structure.

The folding which produced the original synclmes took place during one of

the great Palaeozoic mountain-building periods (Mawson, 1942). Geological

sections ol the Jamestown district (Langford-Smith, 1947) indicate the vast

amount of erosion (hat must subsequently have, occurred to produce the Tertian

penephme. In the ridge-and-vallcy areas of the Central Highlands the mam
features uf Ibis Tertiary landscape have been preserved to the present day. Some

estimate of Hie minor degree of modification which has taken place cau be made

bv a study of the Tertiary gravels and laterite-s which occur as residuals.

(iii) South Funokrb Faui/t-I.tne Scasp

The western scarp of the South Flinders Range is a particularly prominent

feature. Hie scarp Is very predpilous, and hi the vicinity of the Bluff it rises

2,000 feet within two miles, attaining a maximum height of 2,528 Feet above sea

level. The line of the scarp is particularly straight, running almost due north

and south.

Evidence from gorges and creek beds indicates that the position of tbe fault

or series of faults which have been responsible for this elevated block is com

paratively close to the present scarp,, and the latter must therefore be classified

as recent. As was noted earlier, it is probable that the original line of fauli

corresponds to the lower limit of the Pediment Plane, This was shown to be die

case in the Port German area, some 10 miles to the north, but within County

Victoria conclusive evidence could not he obtained in the Lime available in the field.

Apart from the main line of fault, there has been considerable minor fault

ing, evidenced by shatter zones along the "base <of the cliffs,

C The Nokiu-Easticr?? Plateau

From the physiographic point of view, the North-Eastern Plateau does nm
have the same interest as the other two zones in County Victoria. Also, although

the pbttran extends for some considerable distance beyond the County boundaries,

the pari within the County itself is small, being largely confined to the Hundred

of Whytc. For Ihcse reasons, only brief mention is made of the zone in ihi'

present study.

These is no distinct boundary between die Central Highlands and the North-

Eastern Plateau. The typical "r^e^flA-vaflcy" structure of the former is

gradually replaced by a more irregular pattern, and the relative relief between

ridges and valleys becomes much smaller. In the far north-east corner of the

Cnuntv there are wide areas of comparatively level land.

The altitude of the Plateau h for the most part between 1,700 arid 2,100 feet

above sea level The zone is dominant ly an area of internal drainage. Then*

are no very distinct drainage lines, and the streams which do exist flow only after

rain. This is largely because of the low rainfall, which is less than W for ihi*
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whole zone, and less than 14" in the north-east corner of the County. Near the

township ot Whyte-Yarcowie are two piaya lakes which contain large quantiuVs

of water after rain. In the summer months most of this water evaporates, leav-

ing a dry salty surface.

The soils in many parts of the Plateau zone have saline tendencies, and there

are appreciable areas of halomorphie soil (Pine series).

The hills and ridges within the *one are more rock}' than in the Central High-

lands. They have little soil or vegetation cover and present a very barren

a ppearance.

TERTIARY GRAVELS

There arc a number of relics of Tertiary gravel in County Victoria. For

ihe most part these outcrop as residuals on low, rocky ridges within the. broad

north-south valleys of the* Central Highlands.

Howchiu (1931-33) iu his "dead-river" hypothesis claimed that these gravels

represent the courses of old north-south rivers which flowed during the la:e

Tertiary, and which were truncated by the Peterborough- Olary itpwarp. He
considered that the presence of gravels throughout the valleys of the Mount Lofty

.Ranges inferred that a major river system once flowed right through these parts

to the southern coast.

As far as the Mount Lofty Ranges near Adelaide are concerned, the argu-

ments against this theory seem fairly conclusive (Fenner 1939, Spngg 1945-46}.

However, the present writer is inclined to the view that although Howchins
hypothesis is far too sweeping in its claims, it may have elements of truth in the

case nf the northern areas in the neighbourhood of County Victoria.

From study of the "ridge-and-vaJIcy" structure of the County Victoria

region, it would seem that there must have been some form of north-south drainage

prior to the Peterborough-Olary upwarp. This drainage may have been related

to the present Lake Torrens area, but there is no evidence tu the effect that it wa>

part of the great north-south river system of the Tertiary which was later ponded

back to form a central Australian lake (David's "Lake Dieri"). However, even

a small local drainage system would have left Relics of stream action, and It is not

unreasonable to suppose that some of these relics would still be preserved.

Some of the gravels irom the low residual ridges within the broad valleys of the

Centra! Highlands are typical of present stream conglomerates (see ph xxv, fig. 1),

except that they have been somewhat silicificd. The pebbles contained in these

spec-hums are well rounded alid have certainly been streatn-woru r Gravels such

as these? arc quite distinct from other gravels which occur ori similar residual

^ites (in fact, sometimes on adjacent sites), and which contain much angular

material The writer has followed outcrops ot the old conglomerate for con-

siderable distances through the valleys near Jamestown, and it is significant thai

the outcrops followed a line which would be the logical course of earlier longi-

tudinal streams, It was also noted that the height of these residual outcrops

above (he present baseline in the valleys hn'rsoses from cast to racst. Tor example,

a typical gravel outcrop in the Hundred of Whyte is 30 feet above the present

stream bed. A similar outcrop in die Hundred of Belalie is 130 feet above the

valley baseline. This is concurrent with the rainfall, which also increases very

markedly from east to west. The inference is that erosion during Pleistocene

and Recent times has been proportional to the incidence of the rainfall.

Fcnuer (1939), from his examination of ancient gravels in the Adelaide

region, concludes that they consist of re-sorted fault-apron material and relics

from streams which meandered over the pre-Miocene peneplane. He considers
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that the deposits have largely
u
been formed by streams which cut back into the

:>carp faces and flowed at right angles to the supposed directions of the hypO'

thetical ancient streams." He therefore believes that the dead river theory *%

in the main an untenable interpretation of the facts/*

Hosvcvcr, in County Victoria, the location of the "conglomerate" type of

gravels on residual sites in the centre of broad synclinal and eroded anticlinal

valleys .shows that they could not be re-sorted faulL-apron material. Also, the

definite longitudinal pattern of the outcrops down the central parts of the valleys

would indicate that they were formed in situ by streams which flowed imme-

diately prior to the Peterborough-Olary upwarp. It is therefore contended that

a modified version of Howchin's hypothesis may be applicable lo the County

Victoria region.

It is considered that the more angular silicihed gravels found on residual

sites both within the broad valleys and in some cases on the adjoining valley-

slopes are relics of Tertiary latcrisatiou, and that the silictfied "conglomerate"

type of gravel has also been subject to Iaterisatiom Bryan (1939) and White-

house (1940) have shown how latcrisation can he responsible for the silicifica-

tion of sediments. They believe that the "billy" deposits of Queensland were

formed during wet, warm periods in the Pliocene,

In view of the fact that late-rites are formed largely in areas of impeded

drainage, it would not be incongruous to rind pure laterites adjacent to "laterasecT
1

old stream gravels in sites which must have represented the Tertiary valley floor

Since most of the ridges in County Victoria have a resistant core of silicified

quartzitc, it is unlikely that they have changed in form very noticeably since pre-

upIifL time. Therefore it should not be difficult to make an approximate recon-

struction of the late Tertiary topography by mapping all the existing residuals

of latcritc or latcriscd sediments, particularly in the Central Highlands where
there has been little or no major Tertiary or post-Tertiary faulting;

TECTONIC MOVEMENTS
Matx Tkctonjc Assoc l.vnoxs

County Victoria is an area transitional between the North Mount Lofty and
the South Flinders Ranges. Largely as a result of this it exhibits structural

features which can be related to four dgmheaut tectonic movements; the Peter-

horough-Oiary upwarp, the Flinders horst movements, the Mount l-ofty borst

movements, and the periodic uplifts of Pleistocene tu Recent time. First, there

is the high plateau country lo the central nonh and norib-cast. which is a result

of the Pcterborough-Olary upwarp; secondly, the South Flinders Range in the

Port Pirie area, which is pari of the Flinders horst; thirdly, the mountains and
ridges of the Central Highlands which (lonrinale the central and southern parts
of the County, and which although related to the Peterhorough-Olary upwarp
arc also associated with the Mount T-ofly horst movements; and hnallv, the

coastal plains which exhibit evidence of uplift from Pleistocene to Recent times.

The Gulf area to the west of the County, which constitutes part of the

Spencer-Vincent Sunkland, is a result oJ the Flinders and Mount Lofty horst
movements.

Adi OF MOVEMENTS

There has been considerable speculation in regard to the nature and age of
these tectonic movements. The 1939 A.N.Z.A.A.S. committee on "Structural and
Land Forms" agreed upon a tentative correlation for the major Tertiary and
post-Tertiary movements in South Australia. This involves a gentle uplift period
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at the conclusion of the Miocene, accelerated uplift in the Pliocene followed by

a period of stillstand, and then further differential movement in the Pleistocene

continuing in special cases into Recent times.

Since 1939 there has been a tendency to favour a more recent age for these

movements. It lias been suggested (Rrown 1945) that the period of accelerated

uplift may have been the early or middle Pleistocene instead of the Pliocene.

Jirown quotes Kenner's view (1931) that the Peterbnrough-Oiary upwarp pre-

dated the more violent Flinders and Mount Lofty horst movements, and remarks

rhat the upwarp may have begun in the late Pliocene.

Mawson (1942) has suggested that the Flinders and Mount Lofty borsis

may be the result of two distinct movements, the former being the earlier.

The Central Highlands of County Victoria, with the exception of the South

Flinders Range near Port Pirie, are technically part of the North Mount Lofty

Ranges, However, from the geomorphic point of view they do not appear to be

closely associated with either the Flinders or Mount Ix>fty horsts, and arc more

directly related to the Peterborough-Olary upwarp. The writer's stratigraphical

investigations (1947) of the Central Highlands in the Jamestown area showed

i hat there had not been any appreciable block faulting in this region, and there

was no evidence of major post-Terliary tectonic activity other than simple uplift.

Since this area merges into the Peterborough-Olary ridge, a large part of the

uplift must have been due to the Olary upwarp movements. However, the area

may have been further uplifted at the time of the Flinders and Mount Lofty

horst movements,

Evidence of Recent uplift in County Victoria, which was discussed in an

earlier section, is common to a large part of the South Australian coastline

Crocker (1946) has discussed in some detail the evidence of uplift in the South-

Eastern districts and on Yorke Peninsula, as indicated by sand dunes and raised

beaches.

The following is submitted as a tentative correlation of tectonic movements

in County Victoria from the Tertiary onwards. The table is based on the writer's

observations within the County, co-ordinated with recent research elsewhere in

the State, firown's suggestions regarding the age of the main movements have

been adopted provisionally.

Late Pliocene Gentle upwarp of the PHexbnrough-Olary ridge, accom-

(or early punied by uplift of the adjoining peneplane area at present

Pleistocene?) represented in County Victoria by the Central Highlands

< with the exception of the South Flinders Range),

1 llttrly to (a) Major up'fft, producing the Flinders horst, which included

Middle the extremity of the South Flinders Range near Port Firie.

Pleistocene Possibly further uplift of the Central Highlands
(b) Renewed major uplift, producing the Mount Lofty hoist.

and probably associated with this, renewed gentle uplift of

the Central Highlands.

Middle Continued period* of minor uplift, reflected by the sanriVdune

Pleistocene system on the Port Pirie Plains. Evidence from the Port

to Recent l-*jrie area indicates that these movements, are still in progress

U
DOL'lS^li PLANATION" lIVfOTHKSIS

Feimer (1931), following a suggestion by Douglas Johnson, drew attention

V>- the possibility of a "double planation" hypothesis to explain certain existing

phenomena in the Mount Lofty Ranges. Tills hypothesis involves two periods
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ciC major uplift, each followed by a period of peneplanatlon. Fcnncr considered

that there may have been a prolonged period of stillstand between the two uplift

periods, during which much of the mature landscape of the Ranges (such as the

Upper Torrens valley) was produced.

It was noted in the A.N.Z.A.A.S. Report of 1939 that supporting evidence

fur this theory had not been forthcoming, and subsequently certain workers,

notably Sprigg (1945), tended to discount the hypothesis. However, as a result

of .some recent work, Sprigg (1946) is inclined to reconsider the question. He
notes that laterite occurs in many parts of the Mount Lofty Ranges and stresses

the necessity of impeded drainage conditions as one of the pre-requisites of lateri-

sation. Conditions such as these could have occurred during a period o£ still-

•.land between two major uplifts.

Further details concerning the age of the laterites in the Mount Lofty Ranges

will not only help to clarify the age and nature oi the uplift movements in that

•irea, but by correlation with the. laterites in the County Victoria region may throw

further light on the inter-relation between the Mount Lofty horst movements, the

Flinders horst movements, and the Olary upwarp.

DRAINAGE SYSTEMS
General

The drainage divide represented by the Pcjerhorough-Olary ridge is just

outside the northern limits of County Victoria. This divide constitutes the

boundary between exoreic and endoreic streams.

North of the divide the whole of the drainage is endoreic. For instance, to

ihe north-west, drainage is by way of the Wdlochra system lo Lake Torrens;

directly north is a region of local internal drainage, while to the north-east the

streams spread out and lose their identity on the Walloway Plains.

South of the divide, as the general slope of the County as from north to

south, all the main streams flow m a southerly direction. They are exoreic, for

they finally join ihe. liroughton River to enter the sea near Port Pirie.

The accompanying map (fig. 1) illustrates the general drainage pattern

of the area.

"Stream Capture" Theory

As noted in a previous section, it would appear that the general structure

of the country immediately prior to the Olary upwarp was very similar to that at

present jn existence. It is probable at this early stage that the north-south

drainage was much more extensively developed than at the present day, and that

the upwarp truncated this system, building up the divide betweeu the present

north-flowing and south-flowing streams.

However, it is apparent that the present streams are not completely governed

by the north-south structural characierist cs. At intervals they make abrupt right-

angled bends to flow westward through gaps in the adjoining ridge. These gaps

are often in the form of narrow gorges, the walls of which rise steeply on either

side. The gradient of a stream in the gorge section is greatly increased, and rapids

:md even small waterfalls are common. The stream emerges from the gorge to

join another southward flowing drainage system. The streams therefore cannot

be regarded as having attained profiles of equilibrium, as the grades reached arc

separated by short ungraded sections.

This type of stream pattern is characteristic of practically the whole of the

Mount Lofty and Flinders Ranges and has lung been a topic for speculation.

Dr. Charles Fenner, in a personal communication w the writer in 1942, stressed
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the point that the phenomenon is a general one, and therefore that the explanation

for it must also be general and not restricted to any one locality. The writer

believes that some previous theories have suffered from the weakness that the

data used may not have been obtained from a sufficiently wide area. In the past,

all the detailed physiographic work in connection with the subject has been
restricted to the Mount Lofty Kanges in the Adelaide Region, and the writer

feck that the tectonic relationship?, peculiar to this area have at times been allowed

10 outweigh other geomorphic factors. In the Adelaide area the Ranges have
been extensively block- faulted, whereas in County Victoria (with the execution
of the Somh Flinders Range) block-faulting is almost non-existent. Near
Adelaide the north-south valleys, are to a large degree the result of this faulting,

whereas in County Victoria they are due to the presence of synclines and eroded
anticlines in a pencplane which has been gently uplifted.

In County Victoria, Therefore—and particularly in the Jamestown district

where the writer completed a detailed stratigraphical survey—any hypothesis

which includes block-faulting cannot apply. Theories which regard the east-

west sections of the streams as antecedent, having cut through fault-block edges
during a period of uplift, are therefore untenable.

As a result of field investigation near Jamestown (Langford-Smith, 1942)
the writer came to the conclusion thai Ihe explanation could he found in stream
capture on an extensive scale.

More recently -^prigg (1945) has expressed the same opinion in regard lo

streams in the Mount Lofty Ranges in the Adelaide area, and it is submitted by
the writer that in view of the conclusions of these entirely separate investigations.

the general theory of stream capture should receive serious consideration.

The Jamestown district affords typical examples of the stream pattern under
consideration. Therefore, in view of the fact that the structural genlogy of the
district is knovvn ni some detail, it is considered eminently suitable for investiga-
tion in regard to the ''stream capture" theory.

The accompanying block diagram (fig. 2) which is based on aerial photo-
graphs, illustrates the pain physiographic features of the district. It may he
rioted lhat the Bclatic Creek flows in a southerly direction down the valley to Iftr

west of the Browne Hill Range, before swinging abruptly to the west and enter-
ing a gorge in a north-south ridge. The creek has a low gradient in the north-
south valley, but this increases considerably in the gorge section where there are
numerous rapids, and in one place ("The Cups") a small waterfall After leav-
ing the gorge, Helaiic Creek is joined by a small north-south creek at Jamestown,
and shortly afterwards .swings south again inlo the Baderloo Creek valley

4
where

it enter* auother low gradient itagt\ The diagram shows how Freshwater Creek
drains the valley west of the Browne Hill Range below the point where Belahe
Creek swings west into the Jamestown valley.

The ridge containing the Bclali* Creek gorge is a watershed for numerous
small consequent streams, which flow to both ea_st and west. All these streams
show very active headward erosion and many of them have cut well back into
the ridge. It is of great -significance that headward erosion i* especially active ou
streams flowing to the we*;t of the divide. This is because the floor of the
western valley is lower than that to the east, and in general stream profiles are
iteeper One westward-Mowing consequent stream (marked A on the diagram)
has eroded its way back completely through the ridge, being assisted to some
extent by the presence of a very small transverse fault. It is now commencing
to cut its way into the adjoining valley floor, and its headwater zone has already
captured some of the water from this valley. Before long, if headward erosion
continues, it will capture the headwaters of Belalie Creek.
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In the light of the foregoing evidence it is probable that Betalie Creek once

flowed right down the north-south valley and did not swing westwards through

the gorge near Jamestown. At this stage, Belalie Creek and Freshwater Creek

would have been one continuous stream.

P% 2

Block

I.* Iff. d

diagram of drainage pattern near Jamestown; stream capture at A.

This is by no means an isolated case, and throughout the County east-west

streams may be found in all stages of hcadward erosion right up to the point of

capturing a north-south stream. It is not known to what extent small transverse

faults have accelerated headward erosion in consequent streams by creating zones

of weakness, although in a few instances this is known to have been a contribut

ing factor, as in the example cited.

Broikuiton Riveh Systkm

Although most of its tributaries flow from or through County Victoria, the

upper and middle reaches of the firoughton itself are south of the County boun-

dary, and consequently could not be investigated thoroughly in the time available

in the field. The lower reaches of the river are well within the County and were

examined in rather more detail.

Unlike most of its tributaries, the tfroughton flows across the grain trf ihe

country in a general cast-west direction. It has its source in the high country

south of the Booborowie Flats. Flowing approximately westward to Spalding.
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it is met by Deep Creek and Freshwater Creek flowing from the north, and the
Hill River from the south. A few miles south-west of Spalding, after being
joined by the Hutt River flowing* from the .south, it dives through a gorge iti a
north-south ridge. Shortly after emerging from this gorge it is joined by the
Bundalcer Creek from the north. After passing through Red Mill it is joined
by Rocky River, and then flows on to the Pirie Plains where it is met by th<^

Crystal Brook.

The course of the Broughton River over the Pirie Plains is through flood
plains of its own making. An important feature of the upper parts of this section
is the deep channel through which the river is at present flowing. The height ol
the hanks, which are very steep-sided, averages about 20 feet above the stream
bed (see pi. sxv r fig. 2). This down-cutting is evidence of au endeavour by the
stream to regradc its course after comparatively recent uplift. The course of the
Broughton River nearer the coastline is not clearly defined, and there are a number
of distributaries. Meandering channels are a feature of this pan*. The most
prominent channel is known as Deep Creek, which continues to the tidal J tot
Davis Creek.

A detailed description of most of the Kroughton tributaries has already been
recorded (Langford-Smith, 1942), and it is not proposed tu discuss these at
length m die present paper. However, certain features which are common \o them
all have particular geomorphk significance. One of these is related to the stream
anomalies which have already been expounded in the discussion On ''Stream
Capture". Because of these anomalies, each stream is subdivided into series of
gently graded reaches separated by shurt sections of steep gradienl Therefore,
the streams (with the exception of the lower Broughton) do not have profile* of
equilibrium. At each of the east-west sections of steep gradient die stream i 5

down-cutting rapidly in an atTempt to propagate upstream the break iu its profile.
In some cases this las already resulted in down-cutting in the north-south sec
tions, and this will tend to continue until the whole stream system has attained
a profile of equilibrium, Dmiglas Johnson (1938) has shown that a stream profnV
can only be used as an indicator of change m level when the stream itself had a
profile of equilibrium prior to the uplift, In other words, the only stream in
County Victoria which am be Used for this purpose is the lower* Broughton.
However, a significant feature of nearly all the tributaries is the. presence of two
iiver terraces, one above the other, The higher terrace, represents a "fossil" Hood-
plain originating during an earlier period. It would appear that this flood-plain is
indicative of an earlier period of heavier rainfall, for as already pointed out the
streams arc not in equilibrium, and the almost universal down-cutting through
old ulluvmm cannot have been caused by isoMatic change. The presence of old
alluvium above the present flood-plains of streams has been noted in nianv parts
of eastern Australia, and Whitehouse in particular has assumed that it ^indica-
tive of higher rainfall periods in the Pleistocene.

The time available for field examination of the middle and upper reaches of
the Broughton River was limited, and it was not possible to consider in detail
the question of its origin. However, a few significant points are discussed briefly.

The most prominent feature of the Broughton is that it flows in a ^eneral
east-wr^t direction, which is apparently right across the grain of the country
Tins fact has led Fcnner (1931) to surest that it is an antecedent stream."
Huwch.n has proposed that it came into being after the (Mary upwarp period,
as a resu.t uf extensive ponding in the low areas to the south of County Victoria
However, tc is important to note that over the course followed hy the BrouyhfotiiH *ndge-and-valleyM structure is not as strongly developed as in areas either
to the north or the south, and the river flows through very few gorges fa north-
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south ridges. If the. river capture theory is substantiated in connection with

stream anomalies in the Broughton tributaries, it would not be unreasonable to

suggest that headvvard erosion of consequent streams may have been responsible

for the few "break-throughs" ?n the present course of the main ,strcam. During

the period of uplift there may have been a certain amount of local ponding which

could have hastened the "breaking-through" process in the case of individual

ridges. In the event of ponding, the degree ot hcadward erosion required on the

part of a consequent stream would have been reduced.
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PURPLE SLATES OF THE ADELAIDE SYSTEM

By D. Mawsonand E. R. Segnit

Summary

The nature and genesis of the shales and slates of chocolate to purple colour occurring at several

distinct horizons in the post-glacial Upper-Proterozoic strata of the Adelaide System is a matter of

interest. Certain features have suggested that in part they may be of tuffaceous origin. There are

several factors indicating this probability, such as the unleached nature of the shale, a considerable

proportion of the coarser particles being recognisable feldspar. The alkali and lime content of the

rock is high. Further, we have observed that these shales in some areas at least have a notable

content of barium and even copper; veins of barytes are a common associate and the occurrence of

blue and green copper stains between the laminae of the shale has been observed in a number of

localities. Also, among embedded rock fragments at one horizon in a belt of purplish-brown shale,

fragments of a soda-rich basaltic rock were found to be common.
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PURPLE SLATES OF THE ADELAIDE SYSTEM

By D. Mawson and E. R. Slcnit *

[Read It November 1<MRJ

The nature arid genesis of the shales and slates of chocolate to purple colour

occurring at several distinct horizons in the post-glacial Upper- Proterozoic strata

of the Adelaide System is a matter of interest. Certain features have suggested

that in part they may be of tnfraceous origin. There are several factors indicat-

ing this probability, such as the unleacbed nature of the shale, a considerable

proportion of the coarser particles being recognisable feldspar. The alkali and

lime content of the rock is high. Further, we have observed that these shales

in some areas at least have a notahle content oi barium and even copper; veins

of barytes are a common associate and the occurrence of blue and green copper

stains between the laminae of the shale has been observed in a number of localities.

Also, among embedded rock fragments at one horizon in a belt of purplish-brown

shale, fragments of a soda-rich basaltic rock were found to be common,

However, elsewhere, throughout a considerable thickness of strata, these

shales are very fine and uniform in grain and where they grade into arcnites these

latter are domitiantly composed of quartz particles, but with a notable contribution

of feldspar. In order to probe further the origin of these shales, material

collected close to the old Mount Deception Station homestead on the eastern

slopes of Mount Deception, II miles north- west of Bel tana, has been analysed

by one of us and otherwise more fully examined, with the results detailed here-

with.

The horizon in the Adelaide System from which these specimens now sub-

jected to detailed examination were obtained is the thick purplish-brown belt below

the Cambrian Pound Onartzitc, referred to by Howchin as the Purple Slates. At
one place in the neighbourhood of the spot where the specimens were obtained

malachite stains were observed in the bedding planes of the shales.

Of the two specimens examined, out of very fine grain represents the more
normal type of this rock, while the other represents a coarser than usual band

of the shale.

The finer grained variety [8126], when examined in the hand specimen, is

observed to be of a dark vinaceous red colour (Ridgway) and a faintly dis-

tinguishable fine sedimentary banding. It is soft, remarkably even-grained and

breaks with a smooth sub-conchoidal fracture. The microscope slide reveals that

it is principally composed of grains of quartz, altered particles of feldspar and

minute fleeks of miea. The quartz grains are clear and frequently very angular;

they tend to be concentrated in the lighter bands of the shale. The mica js clear

and colourless in tiny flakes so thin as to give only red and yellow interference

colours. The feldspars have evidently been largely decomposed to a featureless

mass, possibly mainly composed of the kaolinitc group of minerals. It is this

matrix that is stained purplish-brown by the ferric oxide content of the shale,

thus imparting that colour to the rock as a whole. Calcite is distinguishable,

distributed throughout in irregular grains. It is sufficiently ahundant to link up
with the 5% of carbon-dioxide found to be contained in the rock. Also, there

is present a small amount of chlorite, haematite, and a highly refracting mineral,

rx>ssibly zircon.

* Creoiuyy Department, University of Adelaide.

1 rata Roy Soc. S, Aust., 72, (2), -30 March 1949
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The second [8127], coarser-grained specimen is a harder, darker purple rock
In this the mineral assemblage is similar to ihz preceding hul the particles are
larger and more determinable. There is much quartz of larger grain-size and
frequently very angular; also fresh feldspar in grains of similar sue and shape.
These mineral grains are cemented in an abundant matrix of dark-red iron oxide
with which is an association of mica fragments and serpentinous material. The
more obvious feldspar is twinned plagioclase, the majority of which is charac-
terised by a low R.L and an extinction angle on albite twins of 12M4 , indicating
a rather sodic variety. Microcline and orthoclasc are also pre.-.ent. The wv
twinned feldspar is only with difficulty distinguished from the quartz when all

is embedded in the dark matrix. Though very fine-drained this rock prohftbh
comes within the silt grade.

An analysis of the finer-grained variety is stated herewith, and included n
the table are analyses of other relevant shales -and of a red micro-granite.

Publications dealing with the origin of red rocks are comparatively few. 1-

is generally agreed, however, that ibe red colour is due to the presence ol ferriv
oxide, either hydraied as some form of limonite or anhydrous as hematitr-
(Dorsey 1926, and Raymond 1942). Thus arises the question of the derivation
of Ibe ferric oxide. Raymond (1927) deals at length with this matter, stressing
the widespread development of highly ferruginous lateritcs under warm moist
conditions as an abundant source of ferric oxide. lie also discusses the develop-
ment of ferric oxide in arid regions, q£ is evidenced by the red culour of sand*
and rocks in such areas.

Recently Lord Rayleigh (1946) has investigated the cause of the red colour
of certain sandstones and finds that if chalybeate water is evaporated on the
surface of a solid body, e.g., a sand grain, a red coating results. The same red
colouration develops when evaporation takes place in air from an undisiurbcd
liquid surface. If on the other hand evaporation of chalybeate waters takes place
in an agitated liquid, as in a stream in the open, the iron separates as a li^hl
yellow precipitate.

Tt is thus obvious that sand particles moistened by waters containing som •

ferrous bicarbonate in solution and dried out will be reddened. Krom'this jl

would appear also that argillaceous deposits in chalybeate water* evaporating
in shallow playa lakes would be reddened.

So red shales and sandstone.!; can be accumulated either in fiht as trrrestrr.il
deposits or can be derived from the transport of such peroxidtscd materials and
their subsequent deposition under non-reducing conditions. This also would
normally imply a terrestrial origin, but in special cases, where organic life k
much subordinated or non-existent, deposition might conceivably take place as
shallow-water marine deposits adjacent to large land masses.

In our case the red-brown colour is given to the shale bv the presence o\
the remarkably small amount of 1-94% of ferric oxide, which amount is unusual !v
!nw for a shale and particularly so for red varieties (sec table of analyses).

It is interesting to note that certain bright-red to chocolate-coloured igneous
rocks may contain extremely little ferric oxide, as for example the porphyritic
micro-granite [5778] (Mawson and Segnit 1946), containing only 0-92%.
Further, it is possible for a green slate to contain the high proportion of 3*48%
feme oxide (see table of analyses). In this latter case it must be present lVa
combination with other constituents.
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I II ill IV V VI VII

SiO., - - - - 58-30 58-38 60-96 56-49 08-64 38-98 72-50

A1..0.J

-*- - -

I 15-64
0-63

15-47

0-86

16-13

0-48

11-59

0-56

11-33

2-05

28-00

0-08

14-02

Pfe
8
Q

ft

- - - 1-94 4-03 5-16 3-48 307 14-39 0-92

LeO - * - - 2-80 2*46 2-54 1*42 0-73 0-98 1-24

MgO - - - - 3-87 2-45 3-20 6-43 2-40 0-36 0-23

CaO - - - - 4-3.1 3-12 0-71 5-U 3-50 CIS 0-77

Na..O - - - 1-81 1-31 1-50 0-52 1-51 0*08 3-17

K t>
- - - - 3-16 3-25 5-03 3-77 2-10 0-18 5-24

H~0+

H
2
0-

— - — 2-56 i

0-30 I

5-02
3-08

0-17

2-32 i

0-37
J

2-27
10-38

3-60

0*73

0-18

- - - (Mb 0-1/' 0-23 0-09 0-15 0-06 0-06

MnO - - - - 0-10 — 0-07 0-30 0-06 0-04 0-04

BaO - - - 0-10 0-0;; 0-03 0-06 — U". 0-07

ZrO., - * - - — — — — — 0-01 __

CuO - - - - 0*02 — — — — 0-11 __

Cr..O.. - - - — — — — — 0-06 —
NiO - - - - nil -- — — — 0-01 —
FI - - - — — — — — nil 0*08

CI - - - 0*01 — — — 0-04 0-15 —
SO. - - - - — — — — 0-31 0-01 —
S (Sulphid-2?

- - 0*03 -— — vt — 0*05 —
co

2
- - 5-13 2-64 0-68 7-42 3-35 0-22 0-80

c - - - —

-

— — 0*11 — —

100*24 100-00 100-23 100-38 100-13 99-91 100-47

Less O foi - I\ CI & s — — — — o-ol 0-05 •03

Total - - - - 100-24 100-00 100-23 100*38 100-12 100-44

I. Purple slate from Mount Deception, S. Aust. Analyst, K. R. Scgnit.

II. Average of 78 shales (Clarke, p, 631).

III. Purple slate, Castleton, Vermont (Clarke, p. 554)..

IV. Green slate near Janesville, N.V. (Clarke, p. 55-3).

V, Mean of analysis of two samples of Pleistocene loess, respective!}' from

Illinois and Iowa. Clarke (p. 514).

Vr. Triassic chocolate shale, Long Reef, N.SAV. (Walton, 1906).

VI f. A red-brown, potash-soda micro-granite (Mawson and Segnit, 1946).
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Chocolate-coloured shales diagnosed as probably redistributed tuffs are well

known in the Triassk Narrabccn Scries < 1? of the Sydney Basin (see table of

analyses). Such reddish, tuiTaceous shales appear always to be associated with
hasic volcanic activity and the high content o[ Ferric oxide is deemed sufficient

ro cause the red colouration.

There is nothing very unusual in the chemical composition of our purple

slate, but three interesting features do stand out. The first is the very low
proportion of ferric oxide. The second is the higher than usual amount of

barium which is accounted for by the fact that a large area of South Australia,

including the Flinders Ranges, is a barium-rich penological province. The third

feature is that the common elements more soluble under normal conditions -of

weathering, namely calcium, sodium and potassium are significantly high. This
may be taken as implying that the detritus which contributed to the formation

of the shale originated from erosion cither under arid or glacial conditions or

was partly, at least, in the nature of volcanic dust. The presence of copper

rather suggests the latter, hut may result from the evaporation and concentration

of leaching* under arid condition*.

The chemical and mineral composition of this shale does not correspond

with what would be expected if it were of volcanic origin. The iron content, is

too low in relation to that of calcuim and magnesium, for any common igneous

type. Also, the quantity of free quartz is excessive in relation to the magnesium
Such feldspar fragments as are discernible indicate contributions from granites

and acid gneisses, not from basalts. There is, therefore, little support for the

suggestion that volcanic ash may have contributed notably to the formation til

these chocolate shales,

Reverting to con>idcratinu of the shape of the mineral particles in the shale,

ihey arc sometimes strikingly angular; some actually are long and thin-splintery.

They evidently have not undergone prolonged transportation or weathering. The
shape of the grains denotes material derived directly from a primary source

It is interesting to record (Hatch, RastaU and Black, 1938) that quartz

grains niay take two or three cycles of weathering and transportation before being

appreciably rounded- Further, as slated by Twenhofel (1945), grains of quartz

of sand size are very little or not rounded in stream transport, and that grains

025 mm in diameter or less are very Kttlc if at all rounded in aqueous trans-

portation on sea or lake shores.

In the ease of our slates there is no evidence of excessive rounding of mineral

grains such as the millet seed sands of desert areas. But this would not be

expected to apply to the excessively riiie-grained material constituting this shale.

The field nature of these belt? of shale and slate is favourable to a loessial

origin. They are deposits of great thickness and homogeneity and of even grain -

size. Iti some localities they are so uniform in texture that there may be little

trace of beddiug planes. At other times the slight difference in grain-size

observed in successive faint laminae may represent dust transported under vary-

ing wind force.

Tlie lower purple series of our Adelaide System have distributed throughout

recurrent thin calcareous, dolomitic and siderilie bunds which, as evidenced by

their porphyroplastic clay wisps and pellets, are clearly of very shallow-water

terrestrial origin. We conclude that the evidence favours a terrestrial loessial

origin for the chocolate shale belts of the Adelaide System.

C
1
) Keference to these shales has appeared since this papGT was compiled. Sec Pft*

^idetitral Address oi Dr. G. D, Osborne, Proc. Roy. Soc N.S.W., 73* 1948.



REFERENCES

Clarke, F. W. 1924 Data of Geochemistry: U.S.G.S. Bull, 770

Dorsey, G. E. 1926 Jour. Geol., 34, 131

Hatch, Rastali. and Black 1938 Petrology of the Sedimentary Rocks

Howchin, W. 1929 The Geology of South Australia

Mawson and Secnjt 1946 Trans. Roy. Soc. S. Aust., 69 ?
217

Rayleigh, Lord 1946 Proc. Roy. Soc, Scries A. 186, 411

Raymond, P. E. 1927 Am. Jour. Sci., Ser. 5, No. 75, 234

Raymond, P. E. 1942 Am. Jour. Sci.. 240, 658

Twkniiofel, W. W. 1945 Jour. Seel. Petrol., 15, 59

Walton, S. G. 1906 Proc. Roy. Soc. N.S.W.. 40, 155



2S1

ROYAL SOCIETY OF SOUTH AUSTRALIA (INCORPORATED)

Receipts and Payments for the Year ended 30th September, 1948

RECEIPTS PAYMENTS
£ s. d. £ s. d. £ s. d. £ s. d.

To Balance, 1 Oct., 1947 106 IS 8 By Transactions (Print-

,, Subscriptions ,,.. . „ 154 It 2 ing and Publishing

,, Government Grant for Vol.71, Pt. 2;

Printing, etc 4C0 Vol. 72, Pt. 1) 713 17 10

., Sale of Publications „ Reprints 68 S 10

and Reprints- „ Librarian .... 36 6
University of Adelaide 32 2 9 „ Wicker Chains 20
Sundries 40 19 (l 73 1 9 „ Notice Board .-,

,, Reflectors
18

10

6
"J

,. Interest: Transferred ti Sundries—
from Endowment Printing and Post-

Fund . . 204 19 age, etc.

Lighting . ,

Petties

Insurances

32

3

9
6

4
16

5

10

3

p

2

1)

Cleaning Rooms
. .. 12 10 fl 64 ,i 7

±939 7 7

„ Balances 30 Sept. 1948:
Savings Bank of S.A.
Bank of Australasia-
General
A/c. .. iti 13 B
Less Out-
standing
Cheque 1

7 18

13 21 11 8

£939

ENDOWMENT FUND
Capital—Stock, etc., Face Value £6,042/18/7; Cost £6 04 1 / <S 7

1947— October 1

To Balance

—

Australian Inscribed
Stocks G.00S 10

Savings Bank of S.A. 32 IS 7 6.041 8 7

,, Interest

—

Inscribed Stocks
Savings Bank of S.A.

:oo o r,

4 9 6 204 19

MM6 7 7

& £ s. d.

204 19

1948—September 30
By Revenue Account
„ Balance

—

Australian Inscribed
Stocks 6,008 10

Savings Bankof S.A. 32 18 7 6,041 H 7

£6,245 7 7

Audited and found correct. The Stock and Bank Balances have been vcriHe.! by certificates from
the respective institutions.

F. "M. ANGEL, Hon. Auditor

Adelaide. October, 1945

HERBERT M. HALE, Hon. Treasurer



282

AWARDS OF THE SIR JOSEPH VERCO MEDAL
1929 Prop. Walter Howcuin, F.G.S.

1930 John McC. Black, A.L.S.
1931 Prof. Sir DorGi.AS Mawsox, O.B.E., D.Sc., B.E., F.R.S.
193.? Puof. J. Buktox Ci.ki.an!>, M.D.
1935 Prof. T. ILarvfy Johnston, M.A., D.Sc.

1938 Prof. J. A. Prf.scott, D.Sc, F.A.l.C.

1943 Herbert Womehslf.y, A.L.S., F.R.F.S.

1944 Prof. J. G. Woor-, D.Sc, Ph.D.
1945 Cf.cil T. Mamcaw, M.A., U,% D.Sc. F.G.S.

1940 Herbert M. Hale

LIST OF FELLOWS, MEMBERS, ETC.

AS AT 30 MARCH 1949

Those marked with an asterisk (*) h&ve contributed papers published in the Society's

Transaction?, Those marked with a dagger (f ) arc Life Members,

Any change in address or any other changes should be notified to the Secretary-

Notv-~Thc publications of the Society are not sent to those members whose subscriptions

are in arrear.

EiVctiau Honorary Fellows

1945, *Black, J. M., A.L.S., (//"». causa), 82 Brougham Place, North Adelaide—Vcrai
McdaL 1930; Fellow, 1907-45; Cornell 1927-31; Prudent, 1933-34; Vice-President,

1931-31
1945. *Fesmer, C. A. E., D.Sc, 42 Alexandra Avenue, Rose Park, Adelaide—Fellow, 1917-45;

Council, (925-28; President, 1930-31; Vice-President, 1928-30; Secretary, 1924-25.

Treasurer, 1932-33; Editor, 1934-37.

Fellows.

1945. ArjEii-;. Prof. A. A., M.D.. D.Sc. Ph.D.. University ttf Adelaide.

1935. Adam, D. Ik B.Agr.Sc. Wa 1e Institute (Private Mail Ba£>, Adelaide— C^*»rr/ r

1939*12; Vice President. 19-12; Librarian, 1912-

.

1927, *Au>eraian, A. R., Ph.D., D.Sc, F.G.S. Div. Indus. Chemistry, CS.l.R.O., Box 4331.

G.P.O., Melbourne, Victoria—Coiwii, 1937-42.

1931. Andrew, R.fv. J. R., c/o 212 Ycmwf Street. North Unlev, S.A.
3935. *Axt»rKWArtha, H. G., M.Asr.Sc, D.Sc, Waits Institute ( Private Mail Ba&). Adelaide.

1935. *ANrmEWARTJTA. Mrs. IT V,, RAgr.Sa, M.S., (nee H.V. Steele). 29 Claremnnt
Avenue, Ne-therby, S.A.

1929. Angel, F. M. f 34 Fullarton Road, Parkside, S.A.

1939. *A ngel. Miss L. M., M.Sc, c/o 2 Moore Street. Toorak, Adelaide.
1945. BARTLKrrT, II. K., LTh., 13 Clarcmon: Avenue. Nclhcrbv, S.A.
1932. Bfgg, P. R., D.D.Sc, L.D.S., Shell. House, 170 North terrace, Adelaide-
1928. Best. R. k, D.Sc, FA.CT, Waite Institute (Private Mail Bae>. Adelaide.
1934. Black, E. C, M.B., B.S., Mdfcill Road, Tramnere, Adelaide.

1945. Bow-motf, C W.j B.Sc, A. A. C.I, 6S Stnuigways Terrace, North Adelaide, S \

1940. Rumytiton, Sir J» Lavixctu-v, 263 East Terrace, Adelaide.

1945. *Boomsma, C D., R.ScFor., 2 Celtic Avenue, South Road Park, S.A.
1947. Bowes, D. R., B.Sc, 51 Eton Street, Malvern.
1939. Brookman, Mrs- R. D. (nee A. Harvey). R.A., Meadows, S.A.
1945. Bkoiuuiton, A. C, Mt. Serle Station, via Copley. S.A.

im Browning, T. O., B.Sc. CSvd.), 121 Park Terrace. Adelaide S.A.
1944. *Buriuw;e, Mt*s N. T., M.Sc, CS.l.R.O., Div. Plant Industry, P.O. Box 109, Can-

berra, A.C.T.
1923. Burdon, R. S., D.Sc,, University of Adelaide

—

Council, 19-16.

1922. *Campbetx, T. D, D.D.Sc, D.Sc. Dental Dept. Adelaide Hospital, Adelaide—
Cmmcil, 1928-32, 1935, 1942-45; Vi-c- President, 1932-34; President, 1.934-35.

1944. Casson, P. B.
(
B.Sc, For. (Adel.), 8 Benjafield Terrace, New Town, Hobart.



283

KIcLtiun.

1529; Curisto, W., M.B„ B.S., Education Department, Sodal Servfitof, 51 Pifie Stmt

VBH8. -UJuxakd, Prof, j. B., M.D., University of Adelaide—/-'Yin? Malul 1935 Cnuncii
1921-26, 1932-37; President, 1527-28] 1940-41; Vice-President, 3926-27, 194) 42.

IV.H* +Coi,uuhol-n, T. TM M.Sc, 10 French Street, Nether by, S.A.^SY* rciury. 1942-43.
1007 Cookk, W. T., D.Sc, A.A.C.L, 4 South Terrace, Kensington Garden*. SA.—Cowict 1

,

1038-41; Rc^WW, 1941-42, 1943-44; President, 1942-43.
1942. Cooi-ek, II. M., 51 Haatmas Street, Glenelg, S.A.
(944. Co&.vrsn, Mvxxiu.it, Stale Batik, Pine Street, Adelaide.
IS>29, *L"i/jton, B. C, S.A. Museum, Adelaide—Council, 1943-40, 1948-..

1924. Ms Ckesjtcny, Sir. C T. G, D££l„ M.D., F.R.C.P., 219 North Terrace, Adelaide.
1937. *CfcOCK|5ttJ R. L. v D.Sc,, Waive |«8jStut« (Private Mail Bag), Adelaide—6>errf(>r>

.

1,943-45; piMl^i/, 1945-47.
Wl. "Dickinson*, S. IX, M.Sc, Govt. Geologic, Mines Department, Flinders Street, Adelaide

-Council, 1946-.

1930. Dtx, E. V„ Hospitals Department, Rundle Street, Adelaide, S.A.
1944. Dun stone, St M. L.

(
MB., B.S., 124 Payncham Road, St. Peters, Adelaide.

1931. Dwveu, J. M., M.B., B,S,. 105 Port Road, IliniimarsJi, S.A.
1933. •EJlfejtora m$s C. M., B.Sc., Waite Institute (Pnvate Mail Bag), Adelaide—Comuii

1943-46.

1945. Edmonds, S. J., B.A., M.Sc, 56 Fisher Terrace, Mile End, S.A.
1902. Er.QuiST, A. <*. 19 Farrell Street, Glenelg, S.A.
1944. Ferres. Miss U. M., M.Sc., 8 Taylor's Road, Mitchaiii, S.A.
1927. Finlavson, H. H., 305 Ward Street, North Adelaide—C"o«»ri/. 1937-10.
1923. Kwv, H. K„ DS.O., M.D., B.S., B.Sc.., F.R.A.C.P., Town Hall. Adelaide—Gwiftf,

1933-37; Vice-Presideni, 1937-38. 1939-40; President, 1938-39,
1932. *GlBSOsr, E. S. H.

(
B (Sc, 297 Cross Roads, Clarence Gardens, Adelaide.

1935. *Gi.astoniivry; j. G; G. (
B.A., M.Sc, Dip. Ed., Beatty Terrace. Murray Bridge, S,A.

1927. Goiokey, F. K„ Box 951 H, G.P.O., Adelaide,
1935. tCoLD.^ACK, H., Coromandel Val'ey, S.A.
'939, Cooue, J. R., B.AKr.Sc, P.O. Box 180, Why alia, S.A.
1925. tOssi*:, Stv. James II., Gilbert Home, Gilbert Place. Adelaide.
1910. *Grant, Prof. Sir Kerr, M.Sc., F.I.P., 56" Fourth Avenue. St. Peters, S.A
1930. Gray, J. T., Orroroo, S.A.
1933. Greaves, TT.

t
12 Edward Street. GVnde, S.A.

1904. Griffith, H. B., Dunrob'n Road, Brighton, S.A.
1*>48. Gkos.s (;. F., South Australian Museum, Adelaide.
1944. Gupi'y. D. J., B.Sc., Mineral Resources Survey. Canberra, A.CT
1922. *Halk, H. M. Director, S.A. Museum, Adelaide—Verco Medal, 194o; Council, 1931-34;

Vice-President, 1934-36, 3937-38; Present. 1936-37; Treasurer, 1938-
1949. IlArx, D. R.. Mern Merna, via (Juoru, S.A,
1946. *Har»v, Mrs. J. E. (nee A. C. Bcckwith), M,Se,, Box 62, Sinithtou, Tas.
1944. Harris, J v R,, B.Sc., 94 Archer Street, North Adelaide, S.A.
1947. Hknpekson, D. L. W„ Crai-arsinnc, Woodford, N.S.W.
1944. Herriot, R, I., B,Agr.Sc, Soil Conservator, Dept. of Aericulturc, S.A.
1949. Hollowav, B. W., B.Sc, 2>3 Kvrc Avenue, Kinj;r,woodrS.A.
1924. *HossFrc.ri. P. S.. MSc. 132 Fisher Street, Fu|J*rtok> S-A.
1944. Hcmiile, D. S. W-, 238 Payneham Road, Payneham, S.A.
1947. Hutto\% j. 1\. B.Sc, 13 Sherhourne Road, Medindic Gardens, S.A.
1928. Ifouur, P., Kurralta- Burnside, S.A.
1942. Je.vkins. C. F. K. Department of Agriculture, St, George's Tenacf, FVr(h, W.A.
1918. Men'.mson. Rev. J. C. 7 Frew Street. Ktillarloti, Adelaide.
.1945. *jE3svr? R. W. s B.Sc, 3 Alma Ro^l. Fultarton, S.A.
1910. Momnsox, E. A., M.D. M.R.CS, "Tarni Warra," Port Noarlunga, S A,
1021. 'Johnston, Prof. T. II ., M,A., DSc, Unlv^rafey of Adelaide—Vrrco Medal, 1935;

CmmHl, 1926-28, 1940- ; Vhe-Presidevt, 1928-31; President, 1931-32; Secretary
193840; Pep, fauna and flora Board, 1932-39; E&tor, 1943-45.

1939. tKh^kuar, H. M.. Ph.D„ M.B.. F.R.G.S., Kliakar Buildings, CP. Tank Road, Bom-
bay, India.

1933, Ki.kkman, A. \\'.
t

M.Sc., University of Adelaide—Secretary, 1945-48; Vice-Presi-
dent, J 948-.

1922. Lendon, G. A., M.D.. B.S., F.R.C.P., A.M. P. Building, King William Street, Adelaide,
1948. Loth (AM. T. R. N„ K.D.H. (N.Z.). Director, Botanic Gardens, Adelaide,
1949. Lower. H. F.

f
7 Avenue Road, Hiuh^ate, S.A.

1931. Ludrr<k>u'
>
Mrs. W. V. (nee N, H. Woods), M.A., Fliraatta Street, Reid, A.C.T.



Ualrol

1948. McCulloch, R. N. 4 M.R.R., R.Sc (Oxon.), RA«t.ScI. (Svd.). Roscworll.y Agricul-

tural College S.A,
1938. Madpern. C. B., BJD.S-, D.D.Sc. Shell House. North Terrace, Arfeliiitte.

1932. Mann, E. A. t
C/r> Batik ot Adelaide, Adelaide.

1939. Marshall, T_ J., M.Agr.Sc, PhJJ., Waite Institute (Private Mail Usr ). Adelaide-

-

Citundl 104H-.

1929- Mautiw. Jft C M.A., Technical W&h School, Thebarton, S.A.

1905. +Mawson, Prof. Sir Douglas, O.B.E., D.Sc, B.E., F.R.S., University of Adelaide--

/V/ro Medal. 1931; President, 1924-25, 1944-45; Vice-President, 1023-24, 1925-26;

Council. 1941-43.

1V20. Mavo, The Hon. Mr. Justice, LL.B., K.C, Supreme Court, Adelaide.

1943. McCarthy, Miss D. K, R.A.. B.Sc,, 70 Halton Terrace, Kensington Park.

1944. t**TUJvS. K. R., D.Sc, F.G.S., Mines Department, Flinders Street. AdekmU.
1939, Mincham. V. H., Hammond, S.A,
3925. tMiTcHELL, Pkof. Si« W.. K.C.M.G., M.A.

t
D.Se., Fitzroy Ter. r

Prospect, SA.
1933. Mitchell, Prof. M. L... M.Sc„ University, Adelaide.

1
(>38, Moorhouse, F. W., M.Sc., Chief Inspector of Fisheries. Flinders Street, Adelaide.

1040. Mortlock, J. A. T., 37 Currie Street, Adelaide.

1936. *Mountfobo, C. P.
}
25 First Avenue, St Peters, Adelaide.

1944. Miwki.l, J. W., Engioeer'ng and Water SurmV Dept., Port "Road, Thehartofl, $.A.

P44, Nkal-Smith. C A., B.Agr.Sci., 16 Gooreen Street. Re.iri, Canherra, ACT,
1944. Kjvn.es, A. R., B.A., 62 Sheffield Street, Malvern, S.A.
1045, NoRTHUiTK, K. IT., R-Agr.Sc, A.J.A.S., 6 Charles Street, Forestville.S.A.

1030. Ocicenukn, (i. P., e/o FJiuders Street PraeUiing School, Flinders Klreer, Adelaide.

194?. Oi'iiel, 1. L.. 6-5 Fiith Avenue, St. Peters, S.A.
1913. +0:.rsoRN. Pkof. T. G. B.. D.Sc. Department sf Rotauw Oxford. Rsgtatld—(fymfiit

1915-20, 1922-24; Fn-WiHent, 1925-26; Vice-Preside ;;l, 1924-25, 1926-27.

1937. *Pawktw
? L, W,. R.Sc, c/o Mines Department. Flinders Street. Adelaide.

1945. Patttson. G-, 68 Partridge Street, (Wenelg, S.A.
F>29. Palxl, A. QL M.A., B.Sc, 10 Milton Avenue, Fwlhrfcm, S.A.
1920. *Pipeb. C. S., D.Sc, Waite Institute (Private Mail BacO, Adelaide—Council, 1941-43.

Vicc-Prextfcnt, 1943-45, 1946-47; President, 1945-46.

1948. Powrie, J. K., B.Sc, C.S.I.R.O., Division of Bioehemistrv. University, Adelaide.
)

lM7, Poynton. J. On M.D-, M,A„ OvR., M.R.C.S. L.R.C.P., University of Adelaide.
1925. Phes(x>tt, Prof, J, A.. C.MS, D.Sc. A.I.C., Waite Institute (Private- Mail Ba*),

Adelaide—Vera* Medal, 1933; CaunteT, 1927-30, 1935-39; Vice-President, 1930-32:

Prcsukrtt, 1932-33.

1926. Pkice. A. G., C.M.C., M.A.. LItt.D., F.R,G.S., 46 Pennington 'Terrace, North Adelaide.

1945. Pryok. L. p., M.Sc, Dip.For,, 32 La Perousc Street, Griffith, K.S.W.
3944. Ricismav, D S., B.AgnSc. CS.I.R.O., Division of Nutrition. Adelaide.

PM7. Rtf-dfj,, W+ R., R.Sc, St. Mark's College, Pennington Terrace, North Adelaide.

194$. Rimks, G. D„ 24 Winston Avenue, Clarence Gardens* S.A.
1947. Rtx, C F.., 42 AVaymouth Aveuue. Glandore, S.A.
1946. Kodtnson; E. G., B.Sc, 42 Riverside Drive. Sudbut c Ontario, Canada.
1945. Rymiix, J. R., Old Penola Estate, Penola, S.A.
1944. *SAWr»AttS. Miss D, F.. M.Sc. University of Queensland, Br*Wb<W, Queens" :md
1933. Schwkider, M.« M.R., R.S., 175 North Ter.,' Adelaide
1946. *Se«nit, F.. R., M.Sc, CS.I.R.O., Division of industrial Chemistry Itox 4331. (J.P.O

Melbourne, Victoria.

1924. *Segxit, R. W., M.A., E.Sc. KncmceriiiEr and \V>ter Sunilv Drprrtment, Victoris.

Square. Adelaide—Secretory, 1930-35: Co:w\l 19.17-38: Vice-President, 193K-39.

1940-41 ; President, 1939-40.

1925. *Sheari». H., Port Elliot, S.A.
1936. ^Shkatu>, K., Fiii-hcncs Research D ;

v. C-SJ.R.O . c/b Tnstiinir of Aptirulturr, tTniv..

W,A.
1945. Snn-iiKRn. J. II B.Sc, B,A.. e/o Zinc Cornorrtion, BroUcn Hill. N.SAV.
19.14. Sminkitcio, R. C. SalisNnv. S.A.
1924. SlMi>sox, F. N., Pirie Street. Adelaide
1941 *SMTrrr, T. LAKcronn-. R,Se.„ Deparuncut of Po^t-Wac Recont-truclinn Conberra.

A.CT.
1941, Sovthcott, R. V., M.B., R.S.. 12 Avenue Rr.ad, Unlcy Patfc SA.
1936. SorTHWoori. A. R.. M.D.. M.S. fArel.), M.R.C.P., Wootoona Ter., (ilen OiTund. S A
I9'l7. ""Srr.cfTT, R T„, B^r., 15 Main Road. Riehmond, S.A.

1936. *SmUrrfr. R. C M.Sc. Mines Department. Flinders Street. Adelaide.

1947. Set'nM^-n, MR. R.Sc, Department ni Agricutture
>
Adelaide



2SS

Date of

K lection.

1938. *Stet'HEXS, C. G., M.Sc, Waite Institute (Private Mail Bag), Adelaide.
19,15. Strickland^ A. G-, M.Agr.Sc, 11 Wootoona Terrace, Glen Osmond, S.A. Council,

1 947--

»22 Swan, D, C,t M.Sc. Waite Institute (Private Mail Bag), Adelaide—Secretary.
1940 42; Vice-President, 1946-47, 1948- ; President, 1947-48.

194$. Swann. F. J. W-. 38 Angas Road, Lower Mitcham, S.A.
1954. Symons, L G„ 35 Murray Street, Lower Mitcham. S.A.—Editor, 1947-.
19*,'. *iA\i.oR, J. K., U.A«, M.Sc, Waite Institute (Private Mail Bag), Adelaide—Council

1940-43, 1947-.

194S. Thomas, I. M.
?
M.Sc. (Wales), University, Adelaide. Secretary, 1948-,

1938. *Tkomas, Mrs. I. M., (nee P. M. Mawson), M.Sc, 12 Broadway, Glcnelg.
1940. Thomson, Capt. J. M.. 135 Military Road, Semaphore South, S.A.
1925. *T!NT)ale, N. B., B.Sc, South Australian Museum, Adelaide—Secretary, 1935-36;

Cmtncil, 1946-47; Vice-President, 1947-48; President, 194S-.
1945. Tiver, N. S., B.Agr.Sc, Waite Institute (Private Mail Bag), Adelaide.
1937. *Trumble, Prof. H. C, D.Sc, M.Agr.Sc, W^ite Institute (Private Mail Bag),

Adelalide—Council, 1942-1945; Vice-President. 1945-40, 1947-48; President, 1946-47,
1925. Turner, D. C, Brookman Buildings, Grenfell Street, Adelaide.
!912. *Wak», L. K., I.S.O., B.A., B.E., D.Sc. 22 Northumberland Avenue. Tiismorc—Cornell,

1924-27, 1933-35; Vice-President, 1927-28; President, 1928-30.
1941. *W.muc, D. C, M.Agr.Sc, Div. Plant Industry, C.S.I.R.O., Canberra. AX'.T.
1936. Waterhouse. Miss L. M., 35 King Street, Brighton, S.A.
1939. *Weei>tng, Rev. B. J.. P.O. Box 51, Minlaton, S.A.
1V46. Wmrn.K, A. W. G., B.Sc. Mines Department, Flinders Strett, Adelaide.
1946. *Wilson, A. F,, M.Sc. University of Adelafide.
1938. *Wtlson, J. O.. CS.IR.O.. Division of Nutrition, Ade'aidr.
1930- *Womerslev, IT, F.R.E.S.. A.L.S. {Hon. causa), S.A- Museum, Adelaide—Verco

Medal, 19-13; Secretary, 1936-37; Editor, 193743, 1945 47 ; President, 1943-44, Vice-
President, 1944-45; /vV/>. Fauna and Flora Protection Committee, 1945.

1944. *Womersley. H. B. S.. M.Sc. 43 Carlisle Road. Wcstbourne Park. S.A.
1344, Womekslf.y. T. S-, B.Sc., Lae, New Guinea.
1923. *Wood, Prof. I. G.. D.Sc. Ph.D., Universitv of Adelaide—Venn Medal 1944;

Council. 1938-40; Vice-President. 1940-41, 194243; Ref>. Fauna and Flora Board,
1940- ; President, 1941-42; C»uuci! 19*14-48.

!943. Wdodlanps, Harold. Box 9*9 H, G.P.O., Adelaide.
1945. Wortheev, B. W., fiLAfl M.Sc. A. Inst P., University. Adelaide.
1948. Wvmoxi*. A. P., 4 Woodlev Roa rl, Glen Osmond, S.A.
1942. Zimmer, W. J. ( Dip.For., F.L.S. (T.:*n.). 22 Docker Street, \Vangara:ta, Vict.



286

GENERAL INDEX, VOLUME 72

Names of genera and species in italics denote chat the forms described are new to science.

AcanthoecphaJa, Australian, No. 7;

T. JL Johnston and S, J.

Edmonds 67-76

Acarina, Trotnbiculidae . . .

.

S3

Aitape Skull, Stratigraphy of
;

P. S. Hossfeld ^ .. 201-207

Alryna <tri<t . . , . . . . - 31

Algae, Marine, (if Kangaroo Island;

H. B. S. Womcrstey m .- 143- 166

Amphibians from the Northern
Territory, Some Reptiles and

;

A. Loveridge 203-215

Australian Acauthoccpbala. No. 7

;

T. 1 1. Johnston and S. J.

Edmonds . . . t . . 69-76

)nslraliola austmlis.. A. <1t-nsi~

fhtcata 32

Kurussa Senkun&sfctd, Occurrence
of Fossil Fruits hi; I*. S.

Hossfeld 252-25K

1>< lolcoomata ( iraruire, Geology of

the; A. W- Whitt'c .. L, 228-243

J)Hi)msma, C. D. ; Ecology of the

Western Clare Hills .-- .. 2ir>-220

Nomenclature of Eucalypts 221-227

O'stodes from Australian Birds,

I, Pelicans; T. H Johnston and
Helen G. Clark .. .. .. 77-H2

t harnockitic Rocks 'if Norlh-West-
em South Australia; A. F.

Wilson 178-200

Ch'ihuahua Desert, Phvtngcographv
of .. „',. ,.. .. .. 20

i 'lark, Helen G., T. H. Johnston
and; Cestodes from Australian
Birds, I Pelicans

( oncatheca lurgida .

.

Cotton. P>. C. ; South Australian
Gastropoda, part ITl

Crespin, I. ; Indo-Pacinc Influences

iu Australian Terttiary Fora-
miniferai Assemblages ..

77-82

255

30-32

133-142

Deserts. Phytocography of Sand
ridge-; C. M. Eardley .. 1-29

Dolcrites from the Musgrave and
Everard Ranges; A. F. Wilson 17&-200

Kard'cy, C, M. ; Phytogeography ^j
some Important Sandrulge
Deserts compared with that of
the Simpson Desert .. .. 1-29

Ktftfejify of the Western Dare
Hills; C D. Boomsina .. 216-220

Edmonds, S. J- ; The Commnner
Species of Animals and their

Distribution on an Intertidal

Platform at Pennington Bay,
Kangaroo Island . . . . 167-177

-—— j T. H. Johnston and; Aus-
traliian Acanthocephala, No. 7 o (>-?6

Eucalypts, Nomenclature of, C D<
Boomsma 221-227

Eucalyptus maerorryncha, disjunct

occurrence of .. .. .. 210

Foraminifcra: Australian Tertiar>

Foraminiferal Assemblages;
T. Crespin .. .. .. 133-142

Fossil Fruits; P, S. Hossfeld .. 252-258

Geomurphology of County Victoria;

T. Lang lord-Smith . . . . 259-275

Gramtization; A. \Y. Whifec - 242

Hossfeld, P. S. : Signiificancc of the

Occurrence of Fossil Fruits in

the Rarossa SenlcungsfeM ., 252-258
— Stratigraphy of the Attape

Skull 201-207

TFymenolepis murrriyensis . . .. 77

Jft jaenschi 79, H. dlisi 81

Tndo-Pacific Influences in Austra-
lian Tertiary Foraminiferal
Assemblages, L Crespin .. 133-142

Jacob, Mt., Geology of; D. Muwson 245

Jessup, R. W. ; A Vegetation and
Pasture Survey o f Counties

Eyre, Burra and Kimberley . . 33-68

Johnston, T. H. and S. J Edmonds;
Australian Acanthocephala,
No. 7 69-76

— and Helen G. Clark; Ces
lodes from Australian Birds,

1 Pelicans 77-82

Kara Kum Desert, Pliytogeogniphv

of „j 15

T-angford -Smith. T. ; Geomorphn-
logy of County Victoria . . 259-275

Libyan Desert, Phytogeography of 1

Loveridge, Arthur; On Some Rep-
tiles and Amphibians from the

Northern Territory .. .. 20&-215



287

Marine Algae of Kangaroo Island,

II The Pennington Bav Region

;

H. B. S. Womersley .. .. 143-166

Marine Animals, their Distribution

on a»i Intertidal Platform at

Pennington Bav, Kangaroo
Island; S. J. Edmonds .. 167-177

Mawson, D. ; Sturtian Tillite of

North Flinders Range .. 244-251

Mawson, D. and E. R. Segnit

;

Purple Slates of the Adelaide

Svstem 276-280

Penteune trachyclims .. .

.

257

Perry, R. A., R. L. Specht and:

Plant Ecology of Part pi The

Mount Lofty Ranges, I -

c
91-132

Phymatocaryon Mackayl .. .. 255

Phytogeographv of Sandridge
Deserts; C. M. Eardley .. 1-29

Plant Ecology of Part of the

Mount Lofty Ranges, I ; R. L,

Specht and R. A. Perry ... 91-132

Pleioctinis Coiichnuuni .. .. Z5S

PolymnrphtiS hizutrae .

,

.

.

71

Purple Slates of the Adelaide

Svstem; D. Mawson and E. R.

Segnit 270-280

Reptiles and Amphibians from the

Northern Temitovv - A . Lovc-
ridgc .. ./ .. - 20R-215

Rhytidothcca Lyncftii .. .. 257

Rub' al Khali, Phytogeographv of 8

Segnit, E. lv.. D. Mawson and

;

Purp'e S'ates of the Adelaide
System 2/6-280

Simpson Desert, Pli vl oncography
of; C M. Eardley * . . 1-29

Southern Australian Gastropoda,

part III; B. C Cotton .. 30-32

Specht, R. L. and R. A, Perry;

Plant Ecology of Part of the

Mount Lofty Ranges, T .. 01-132

S'pondylostrobus Sniythii ., .

.

257

Sturtian Tillite, North Flinders

Range 244-251

Takla Makan Desert, Phytogeo-
graphy of

Thar Desert, Phytogeography of .

.

Tragardhula Berlese 19)2 (Acarina,
Trombiculidae) ; H. Womersley

Vegetation and Pasture Survey of

Counties Eyre, Burra and Kiim-

berley; R. W. Jcssup .. SUSS

Warren Hastings, Mt., Geology of 247

Western Sahara, Phytogeographv
of

Whittle, A.; Geology of the Bool-
coomata Granite . . ,., 228-24.1

Wiison. A. F. ; The Charnoekitic

and Associated Rocks of North-
Western South Australia

;

If, Dolertites from tlic Mus-
gravc and Everard Ranges . . 178-2M

\\
r

umers]ev, H. ; The Genus
Tragardhula Berlese 1912

(Acarina, Trombiculidae) . . 83-90

Womersley, H. B. S. ; Marine
Algae of Kangaroo Island;

II, The Pennington Bay Re-
gion

/-•'Ha rossctli

14.V160

30


