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Diptera Brasiliana. 

BY Si Wie WL Lala Dae uN 

PART IV. 
Paramyia, gen. nov. 

Front broad, plane, bristly on the sides, the bristles extending near- 
ly to the antenna; two reclinate ocellar bristles present. Antennae 
short, the third joint broader than long, witha dorsal, finely pubes- 
cent arista. Face short, receding in profile, gently concave, the oral 
margin slightly protuberant; a vibrissal bristle present on each side, 
Cheeks narrow, with a row of short bristles on the inferior margin. 
Proboscis as long as the body; slender, with a hinge near the 
middle. Palpi elongate, projecting beyond the antennex; broad, 
flattened, with a few bristles near their tip. | Hyes round, bare. 
Mesonotum with prescutellar bristles, but no anterior centrodorsal 
Ones. Scutellum large, with four strong bristles, the median ones 
remote from each other. Abdomen oval, composed of five visible 
Segments, of which the fifth is the longest. Legs not elongate; 
Provided with short hair; all the tibiae without preapical bristle. 
First longitudinal vein of the wings very short, the auxiliary vein 

wholly rudimentary; the costa continues to the tip of the third longi- 
tudinal vein; anterior cross-vein situated near the base of the wing 
and before the tip of the first vein; posterior cross-vein wanting; 
second basal and the anal cells very small and indistinct, but com- 
plete; sixth vein imperceptible; second and third veins nearly par- 
allel, the former gently concave anteriorly; third and fourth veins 
gently divergent. 

This genus differs from Phytomyza in the extraordinarily develop- 
ed proboscis and palpi. 

(1) KAN. UNIV. QUAR., VOL. VI, NO. 1. JAN, 1897. SERIES A, 
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Paramyia nigra, n. sp. 

Female. Black. Front opaque, with a long, shining triangle, 

reaching nearly to the front border. Pace more yellowish; in some 

reflections silvery on the sides. Proximal portion of the proboscis 

piceous; distal portion yellowish. | Thorax shining; mesonotum 

with rather abundant, short, black hair. Abdomen less shining than 

the mesonotum. The knees narrowly, the front and middle tibia 

and tip of the hind tibie, and all the tarsi yellow. Wings tinged 

with brownish. Length 2% mm. 

One specimen, Grenada, H. H. Smith. 

Beckeriella, gen. nov. 

Front very broad and short; a single, small, fronto-orbital bristle 

present on each side. No bristle on the second joint of the anten- 

nw; arista pectinate. Face about one-third the width of the head; 

flattened and receding onthe upper half, the lower half or third pro- 

jecting; with one or two small bristles on each side; clypeus promi- 

nent. Mesonotum without bristles save one on each side in front 

of the scutellum; hair very short, the acrostichal ones in two rows. 

Scutellum much swollen, with along projecting spine on each angle, 

into which is inserted a bristle. Abdomen broad and arched; rough- 

ened; first segment very short, the fifth and sixth (female) together 

about equal to two-thirds the length of the fourth. Claws curved; 

pulvilli present. Third and fourth longitudinal veins of the wings 

convex anteriorly, the fifth ventricose posteriorly; the costal vein 

reaches to the fourth vein. Eyes bare. Oral opening small. 

This genus has not a little resemblance to the following, and al- 

so to Lytogaster, from both of which it will be easily distinguished 

by the structure of the head, as well as by other characters. The 

male probably has only three visible abdominal segments. 

It gives me pleasure to dedicate this genus to Mr. Theo. Becker, 

who is doing work of much value to American students in dipterol- 

ogy. 

Beckeriella bispinosa. 

Ephydra bispinosa Vhomson, Eugenies Resa, 593. Rio de Janeiro. i} 

Female. Front brown pollinose, opaque. Face moderately 

shining black. Antennae reddish yellow. Cheeks very narrow. 

Mesonotum shining, somewhat metallic black, with indistinct stripes 

of fine white pubescence. Halteres black. Pleure shining black; 

finely whitish or yellowish pubescent. Abdomen moderately shin- 

ing, somewhat metallic black, with delicate white pubescence, leav- 

ine the narrow hind margin of the third and fourth segments shin- 
oD o o 

\ | | 
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t 



KANSAS UNIVERSITY QUARTERLY. 3 

ing, with a transverse, oval, white-pollinose spot before the hind 
margin. Legs black; all the tibie and tarsi reddish yellow, the 
terminal joints of the latter darker colored. Wings variegated, 
brownish and subhyaline, with dark brown clouds on the cross-veins; 
tip of the first vein and the nearly contiguous costa light yellow; a 
similar yellow spot is also seen on the costa a little beyond the hum- 

eral cross-vein. Length 3 mm. 
One specimen, Rio de Janeiro. 

Gastrops, gen. nov. 

Front broad; plane between the orbital grooves, smooth and a 
little depressed; on either side with two fronto-orbital bristles, in- 

serted close together. Second joint of the antenne without ante- 
rior bristle; third joint about twice as long as wide; arista with pec 
tinations above. Oral opening of moderate size; clypeus projecting. 
Face with a large, protuberant gibbosity, below which the profile 
is nearly vertical; on either side with a row of hairs close to the eyes, 

of which the upper ones are bristle-like. Eyes nearly round, bare. 
Cheeks in width equal to nearly one-half the vertical diameter of 
the eyes. Mesonotum convex; a single bristle present on each side 
in front of the scutellum. Scutellum convex, with a small tubercle 

on each posterior angle, from which arises a bristle. Abdomen 
broad, strongly convex; scrobiculate; first segment in both sexes, 

and the fifth in the male very short, giving the appearance in this 
Sex of a triarticulate abdomen. All the tibia with a row of bristle- 
like hairs on the outer side. Claws curved; pulvilli present. The 
costa attains the tip of the fourth longitudinal vein; third vein gent- 

ly convex anteriorly; fifth vein nearly, straight; third section of the 
Costa about two-thirds the length of the second. 

Notwithstanding the absence of the spine on the second antennal 
joint, this genus and the preceding will both find their most natural 

Position in the vicinity of Hecamede. 

Gastrops niger, n. sp. 

Male, female. Body shining, somewhat metallic, black. An- 
tenne red, the third joint at the tip and on the upper part black. 

Face on the lower part with a fine, light yellow pubescence. Mes- 
Onotum with indistinct indications of two longitudinal stripes and 

with short black hairs. Abdomen somewhat greenish, shining. All 
the tibia and tarsi, except the terminal joints of the latter, red or 
yellow. Wings tinged with brownish. Length 2'%4-3 mm. 

[wenty specimens, Grenada and Rio de Janeiro, H. H. Smith. 



4 KANSAS UNIVERSITY QUARTERLY. 

Allotrichoma abdominale Williston, Dipt. St. Vincent, 398. 

This species was placed in the genus //ecamede, notwithstanding 

the imperfect description given by Loew of the genus, by reason of 

its similarity to the European H. /aterals Loew, as shown by the de- 

scription. Becker has since sepa rated this species as the type of 

his genus Al/otrichoma. This species agrees in nearly all respects with 

the figure and description given by Becker, and Iam still in doubt of 

the identity. As the additional species described by Beckershow a 

very close resemblance, it is very probable that the present is not 

the same as /aterale. The peculiar bristles on the hind tibia of the 

male are present in this species, but I do not observe the hypopygial 

appendages figured by Becker. I have since examined typical spec- 

imens of A. abdominale from Brazil. 

Ilythea flavipes Williston, Dipt. St. Vincent. 403. 

My doubts concerning the location of this species are dissipated 

by the figures and descriptions given by Becker of the type and on- 

ly other known species, I. spilota of Europe. The species is a true 

Tlythea, differing from spilota most especially in the short second 

longitudinal vein of the wing. This species I have also from Rio 

de Janeiro. 

Psilopa aciculata Loew, Monogr. i, 142; Williston, Dipt. St. Vincent, 394, pl. 

“a Patiala ni) 

Specimens of this species from Rio de Janeiro agree with others 

from St. Vincent and Grenada. 

Psilopa nigrimana Williston, Dipt. St. Vincent, 363. 

Several specimens from Brazil agree with the type specimens. 

Pailopa metallica Schiner, Novara, Diptera. 

Face narrow, not projecting in profile, shining metallic green, 

with a single bristle ‘on each side below; on either side 

a row of slight inequalities. Antenne yellow; arista with 

about eight rays. Front shining green, very finely aciculate. 

Scutellum more purplish, with four strong bristles. Pleuree, shin- 

ing green and black. Abdomen deep metallic green or brassy, the 

fourth segment about as long as the two preceding together. Legs 

black; the knees and all the tarsi yellow. Wings yellowish, the 

‘mmediate root blackish; second and third sections of the costa of 

nearly equal length. Length 2 mm. 

There are some discrepancies from Schiner’s description, as will 

be seen, but I hardly doubt the identity. 

Brachvdeutra argentata Walker, Dipt Saund. (Vot¢phiia. ) 

Brachydeutra dimidiata Woew, Monogr. stc..1, 163. 
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This species seems to have a wide distribution; I have it from 
Brazil, Bolivia, Paraguay, Grenada and Kansas. 

Scatella stagnalis Fallen, etc. 

Scatella obscura Williston, Dipt. St. Vincent, 403. 
( believe that the species described by me is identical with this 

European species, also recorded from Greenland. I have it also 
from Brazil. 

Paralimna obscura, Williston, Dipt. St. Vincent, 390. 

Specimens from Brazil agree with the types. 

Paralimna multipunctata Williston, Dipt. St. Vincent, 390. 
Numerous specimens from Brazil. In some there is a distinct 

cloud on the cross veins. Notwithstanding the absence of a stump 
of a vein, Iam not sure that. this species is not identical with P. 
Uppendiculata and probably also P. secunda. 

Notiphila bellula Williston, Dipt. St. Vincent, 390 

Numerous specimens from Brazil. 

Notiphila, pulchrifrons, n. sp. 

Female. Front with a slender, silvery white stripe or triangle in 
the middle, with the immediate region of the ocelli brown; on eith- 
er side a broader stripe convergent toward the middle, opaque 

black; outside the black stripe the narrow orbits are brown. An- 
tenne black; arista with about ten rays. Face much longer than 
broad, only moderately receding in profile, nearly straight and with 
a rounded carina on the upper part; light opaque yellowish grey in 
color. Mesonotum opaque dark brown, with two, narrow, more 
yellowish stripes, and, exteriorly, two elongated spots, or an inter- 
rupted stripe. The narrow lateral and anterior margins of the mes- 
Onotum white. Pleure silvery grey, with anelongated brown spot 
immediately below the noto pleural suture. Abdomen dark brown, 
°Paque, with a narrow medium stripe and the posterior angle of all 
the segments silvery or bluish grey. Legs black, the four posterior 
tibia and tarsi reddish. Wings lightly tinged with brownish. 
Length 4 mm. 

Four specimens, Brazil, H. H. Smith. In some specimens the 

8tey of the abdomen forms complete cross-bands. 

Notiphila striata, n. sp. 

Female. Front yellowish grey, the small ocellar triangle brown. 
Face straight and receding in profile, with a depression below each 
antenna; uniformly opaque yellowish grey in color. Mesonotum 

yellowish grey, opaque, with five narrow, brown stripes; 
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the middle stripe is geminate or forked posteriorly; the next outer 

stripe on each side ends a little beyond the middle, while‘the outer- 

most ones are abbreviated both in front and behind. Pleurz yel- 
lowish grey, with brown spots. Abdomen with four series of more 

or less confluent, coffee-brown spots on a bluish grey ground, nar 

rowly separated by a stripe; posteriorly there are minute brown 
spots in addition. Legs black, the tip of the femora, the tibia and 

tarsi yellow, the front and middle tibia with brown rings. Wings 

tinged with brownish. Antenne reddish yellow, the third joint 
blackish above. Length 4 mm. 

Two specimens, Brazil. 

Ochthera regalis, n. sp. 

Male. Front much narrowed below, the sides concave; the large 

triangle in the middle sub-shining black, the orbits opaque, for the 

most part black. First two joints of the antennae blackish, the 

third light yellow. ace much narrowed in the middle, where the 

width is scarcely greater than the length of the antenne; in profile 

scarcely projecting beyond the eyes; longitudinally convex, with a 
low, flat tubercle in the middle, below which the color is metallic 

golden. Mesonotum in the middle with abroad purple stripe, con- 

tinuous to the tip of the scutellum, and widened at the front margin: 

on either side of the stripe a narrow, white-pollinose stripe, reach- 

ing to the angles of the scutellum and turned outward in front to 

the humeri; exterior to the white stripe are two oval spots of a 

brown color, partly separated by a triangular white spot at the sut- 

ure; lateral margins of the scutellum shining black. Pleure black, 

with an oblique, white- pollinose stripe.. Abdomen shining, some- 

what metallic, green-black. Legs black; the front tibiw and tarsi, 

save the terminal joints, yellow; the four posterior tibia, the prox- 

imal portion of the dilated hind metatarsi and the terminal joints 
of the tarsi brown or brownish yellow. Front femora much dilat- 
ed, their outer side whitish. Wings nearly hyaline. Length 5 mm. 

Female. Face not wider inthe middle than the length of the 

third antennal joint, without indication of the flattened tubercle; 

a brassy stripe in the middle, separated from the narrow whitish or- 

bits by a fine line. 

Two specimens, Rio de Janeiro. The oral opening is very small, 

and the cheeks are exceedingly narrow. 

Ochthera humilis, n. sp. 

Male, female. Front short, only a little inclined; the large ocel- 

lar triangle shining black, the orbits opaque black. Antenne dark 
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brown. Face at its narrowest place more than one-fourth of the 
width of the head, distinctly prominent in profile, the lower portion 
convex and receding; wholly opaque yellowish grey, except a small 
oval, metallic spot in the middle. | Mesonotum greyish; somewhat 
metallic bronze in some reflections, with four, narrow, bronze 
stripes. Scutellum shining black on the flat portion; grayish yel- 
low on the margins. Pleura black, with the usual oblique greyish 
stripe. Abdomen shining metallic, greenish black; in the male at 
least very distinctly pruinose; in the middle anteriorly with brown- 
ish spots. Legs black; all the femora greyish outwardly; all the 
tarsi reddish; front femora moderately thickened; hind metatarsi 
elongated and thickened, more so in the male. Wings nearly hya- 
line. Length 5 mm. 
Two specimens, Rio de Janeiro. 

Parydra humilis, n. sp. 

Female. Front moderately shining, somewhat metallic, nearly 
uniform in color with some brownish dust. Antennz black through- 
Out; arista distinctly pubescent on the basal part. Face gently con- 
vex, nearly vertical on the lower part; rather thickly greyish and 
brownish pollinose; on either side with a moderately strong bristle 
and one or two shorter below it. Cheeks in width equal to more 
than half the diameter of the eyes. Mesonotum and scutellum shin- 

ing, metallic black, with thin brownish dust; the acrostical hairs are 
bristle-like. Abdomen black, only a little shining. Pleuree opaque 

greyish; on the upper part of the mesopleure sub-metallic. Legs 
yellow, the two distal joints of the tarsi black. Wings tinged with 
brownish, with an indistinct cloud on the cross-veins; the second 

section of the costa nearly three times the length of the third; second 
vein not appendiculated; third and fourth veins nearly parallel, or 
very slightly convergent. Length 4 millim. 
Two specimens, Rio de Janeiro (Smith). The male specimen has 

the antenna somewhat reddish, and the abdomen is more shining 
metallic in color. From P?. bicuspidata, Karsch the only other des- 
cribed South American species, the present differs in the straight- 
hess of the third vein. 

Lipocheeta Coquillett. 
He ligniha ot the: families Epbydridea, Drosophilide, Oscinida, 

Agromyzide and Geomyzide are not at all what one might wish 
for classificatory purposes. Becker would exclude the genus Aw 
lacigaster from the Ephydride. Schiner places it among the Dros- 
ophilidae, but does not greatly object to its location with either the 
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tphydride or Geomyzide. Mik refers it to the Ephydride and 

Loew to the Agromyzide; all of which views render it clear that 

the definition of these families is not very exact. Through the 

kindness of Mrs. Slosson I have recently had the opportunity to ex- 

amine the type species of Lipochaeta Coq. Its habitus is very foreign 

to the Ephydride and its union with it will require the abandonment 

of the families Oscinide and Agromyzida. No Ephydrid that I 

know of lacks bristles, while both of these latter families have 

numerous forms without them. The face is too short, the antennae 

too different in structure to belong with the Ephydridew. More- 

over the pollinose body and white wings, while, not absent 

among Ephydride, are not at all common. All these characters, 

however, are found in species related to Leucopis, Cryptochetum, 

Rhicnoessa, etc. Ifit is a representative of a new sub-family, at least 

half a dozen other genera, like Cryptochetum, Canace, Aulacigaster, 

Diastata, Letomyza, etc. will require the same treatment. I prefer 

to place it among the Ochthiphiline in the vicinity of AAzcnoessa. 

[ts relation with Z/fara can not be overlooked. 

I may add to the description that the anal cell is incomplete, the 

costa ig continued to the tip of the fourth vein, and the last abdomi- 

nal segment (? female) is conical and elongated; the first vein does 

not reach the middle of the wing, the third and fourth veins are 

gently convergent; the second vein is long; and the ocelli are not 

remote from the vertical margin, as figured. 

Physogenua vittata Macquart, Dipt. Exot. Suppl. iii, 60. pl, vii, f, 2; Beck 

er, Berl. Mnt. Zeitschr. x1, 255, pl. i, ff, 4, 5. Lauxania variegata Loew, 

Dipt. Amer. Sept, Centur. i, 83; Schiner, Novara Dipt. 277 Sctomyza ob- 

scuripennis Bigot, Ramon de la Sagra, 326 (Roeder, Stett. Ent. Zeit. 1885, 

349). 

Numerous speciméns, Brazil. 

Physogenua ferruginea Schiner, Novara Exped. 277. Sapromyza urine 

Giglio-Tos, Bollet di Mus. Anat. Comp. di Torino, viii, 158; Ditt, del Messico, 

ili, (Physogenua). 

Numerous specimens from Chapada, Brazil, agreeing quite with 

the descriptions. 

“Genus incertum,” Becker, Berl. Ent Zeitschrs x1) pli yd, te. 

Numerous specimens from Brazil agree well with the characters 

given for this genus by Becker, and it seems probable that the spe- 

cies is identical with the one he had. 

“Genus incertum” nigra Williston, Dipt. St. Vincent, 379, pl. xiii, f. 133, 

(Physogenud.) 

Specimens of this species, referred by meto Physogenua, to which 
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the relationship is the nearest, are not uncommon in Brazil, appar- 

ently. The figure of the head given by me is incorrect, in that the 

clypeus is not distinguished from the lower part of the face. 

Sapromyza rubescens Macquart. Dipt. Exot. ii, 3,345; Schiner,, Novara 

Dipt. 279; F. Lynch A., An. Soc. Cient. Arg, xxxiv, . Sapromyza latelim- 

bata Macquart, Dipt. Exot. Suppl. v, 120, pl. vi, f. 18 (Lynch). 

Male, female. Head yellow. Front less than one-third of the 

width of the head, a very little wider below, with the usual strong 

bristles; the proclinate ocellar bristles small. Antenne light red- 

dish yellow, the third joint oval, rather more than twice as long as 

broad; arista black, moderately plumose. Palpi yellow. Thorax 

yellow, the mesonotum light reddish yellow; scutellum plane. Ab- 

domen brownish yellow or yellowish brown. Legs yellow; 

all the tarsi (except the middle metatarsi), and the distal por- 

tion of the hind tibia brownish. Wings lutescent hyaline, the cos- 

ta to beyond the fourth vein, and moderately broad clouds on the 

cross-veins, dark brown; the brown of the mz ‘inal cell for the first 

half does not quite reach the second vein; first vein very short, its 

termination about opposite the first section of the third vein; ulti- 

mate section of the fourth vein only a little longer than the penul- 

timate section. Length 5 millim. 

Eight specimens, Chapada and Rio de Janeiro, Brazil. 

Sapromyza geminata Fabricus, Syst. Antl, 331, (Déctya); Wiedemann, 

Auss. zw. Ins. ii; 450; Schiner, Reise der Novara, Dipt.,279; F. Lynch A), An. 

plagosa Giglio-Tos, Bollet. di 

Mus. Zool. ed Anat. Comp. di Torino, viii, 158; Ditt del Messico, iv, 

Soc. Cient. Arg, xxxiv, 269, 299, Sapromyza 

Wiedemann speaks of only two spots in the apical clouding of 

the wings; in the specimens before me there are three. and some- 

times four. 

Sapromyza contigua (Fabr.) Wiedemann, Auss. zw. Ins. ii, 450; Schiner, No- 

vata Dipt. 279; F\. Lynch A , An. Soc. Cient. Arg. xxxiv, 290. 

Two specimens Chapada, agreeing well with the description. A 

third specimen from the same place differs in having the abdomen 

black. A fourth specimen, from Rio de Janeiro is perhaps specifi- 

Cally different. It-agrees in everything save that the fourth vein is 

clouded nearly to the cloud of the cross-vein and the margin of the 

scutellum has two black spots. 

Sapromyza macula Loew, Centur. x, 82; Williston Dipt. St Vincent, 380, 

Numerous specimens from Brazil. 

Sapromyza xanthica: 

Female, Face shining yellow, with twonarrow stripes, converg- 
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ent anterioriy, and on either side contiguous with the eyes; on the 

outer side of the two lower bristles a large round spot, all deep 

brown. The front at the vertex is as broad as its length; proclinate 

ocellar bristles small. Lace, cheeks, proboscis and palpi light yel- 

low. Face on the sides lightly silvery pollinose. Cheeks and oc- 

ciput with black hairs. Antenne light reddish yellow, the third 

joint about three times as long as wide; arista black, moderately 

long plumose. Thorax yellow, the mesonotum and scutellum light 

reddish yellow. Scutellum plane. Abdomen yellow or brownish 

yellow, the second and following segments each with a narrow pos- 

terior black band. Legs yellow; the distal end of all the tibie and 

the tarsi (except the middle metatarsi) brown. Wings luteous hy- 

aline; the costal, marginal, the anterior part of the submarginal 

from in front of the cross-vein, and its distal part wholly, the dis- 

tal part of the first posterior, extending into the second posterior 

ceJl, broad clouds on the cross-veins and a narrower cloud on the 

fifth vein dark brown; first longitudinal vein very short, terminating 

about opposite the middle of the first section of the third vein; pen- 

ultimate section of the fourth vein about two-thirds of the length 

of the ultimate section. Length ,6-6% mm. 

Two specimens, Piedra Blanco, Brazil. 

Sapromyza picrula, n. sp. 

Male, female. Head opaque light yellow. Front with the sides 

parallel, a little more than a third of the width of the head; a 

rounded brown spot on either side at the insertion of the lower bris- 

tle, apparently the lower one of an obsolete stripe. Proclinate 

ocellar bristles strong. First two joints of the antenne blackish; 

third joint light reddish yellow, more than three times as long as 

wide; arista black, moderate long plumose. Face at the middle of 

each lateral depression with a brown spot, connected by a slender 

line with a median spot above the oral margin, forming a U or V 

shaped figure. Proboscis and palpi black. Mesonotum light 

ochraceous yellow, with two, narrow, median stripes or slender 

spots, and, on each side with a number of spots, all light brownish 

or reddish. <A single bristle on each side in front of the a prescu- 

tellar row. Scutellum plane, with a large black spot on each later- 

al margin. Abdomen yellow, with three series of large black spots, 

the middle ones forming astripe; in some specimens the abdomen 

appears to have an irregular black band on the anterior part of each 

segment. Legs deep brown; the base of the front and middle tib- 

iz, the middle tibie, save the distal end, and the first one or two 

joints of the four posterior tarsi light yellow. Wings smoky 
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hyaline; the distal portion from the tip of the first vein obliquely 
across to the back of the fourth vein brown; posterior cross-vein less 
deeply clouded; termination of the first vein before the anterior 
cross-vein; ultimate section of the fourth vein about twice the 
length of the penultimate section. Length 5 mm. 

Six specimens, Chapada. A number of other specimens from the 
Same locality differ as follows: Color light yellow; front with two 
dark brown stripes, not enlarged into a spot below. Face with a 
small V-shaped brown spot below. Mesonotum with six, narrow, 
light brownish stripes, the four in the middle more approximated; 
just outside them, and between them and the lateral stripe, an in- 
complete stripe back of the suture. Spots on the scutellum smal- 
er. Legs yellow, front femora on the outer and distal part, hind 

femora to the immediate tip, and the distal joints of all the tarsi 
brown or brownish, color of the wings much less intense, being 

brown only on the outer part of the costa. 

Sapromyza exul Williston, Dipt. St, Vincent. 

A single specimen from Rio de Janeiro. 

Sapromyza bipunctata Say, Compl, Wr. 367-Mexico, 

A specimen from Rio de Janerio may be of this species. The 
head is yellow, including the antenne. The arista is bare. The 
abdomen is of a uniform brownish color, perhaps the effect of des- 
Sication. The wings have a broad brown costal border, extending 
around the tip to beyond the fourth vein; a small projection from it 
extends across the middle of last section of the third vein. There 
Is a narrow, dark brown cloud on each cross-vein. 

Sapromyza lupulinoides, n. sp. 

Male. Front yellowish; on the lowermost part a narrow trans- 
verse band light yellow, above which there is a black band of a lit- 
tle greater width, the upper margin of which is not sharply defined; 
a small black spot on either side of the root of the antenna. An- 
tenn yellow; third joint about three times as long as wide; arista 
short plumose, or rather, long pubescent. Face light greyish yel- 

low, with a blackish spot in the middle below. Thorax black, but 
whitish pollinose, giving a slaty color; scutellum dark brown, the 
immediate base grey. Abdomen uniformly reddish yellow or light 
ferruginous in color. Legs black, the front tarsi at the base yel- 
lowish. the four posterior tibiz and tarsi yellow, save that the tip 
of the tibie is blackish. Wings uniformly yellowish. Length 4 
millim, 
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One specimen. ‘This species is closely allied to S. /upudina of Eu- 

rope and North America, but will be at once distinguished by the 

short plumose arista. 

Stegana. 

Specimens of two or three species of this genus, from Brazil, evi- 

dently indicate close colorational resemblances as characteristic of 

the genus. Among them I believe I recognize in an imperfect speci- 

men, 5S. zarsadis Will., which may be identical with S. flavipes Wied. 

Another species has the front much depressed and broad, the face 

and cheeks yellowand the palpi slender, but otherwise agrees with 

S. hora Will. 

Drosophila opaca Will. Dipt. St. Vincent, 411. 

Specimens from Brazil agree well with the types. 

In a recent number of the Wiener Ent. Zeitung, Professor Mik, 

in calling attention to the preoccupation of the name Sackentella 

mihi, states that Osten Sacken had shown its identity with Curwpira 

Miller. I was quite familiar with Osten .Sacken’s paper when I 

proposed the name, and I think if Professor Mik will again ex- 

amine the article, he will see that Osten Sacken did not consider 

the genera identical. That .S. rw/escens was included in the forms 

described by Miiller as C. dorrentium is probably true, as Osten 

Sacken shows, but that C. ¢orrentium and S. rufescens are identical, 

can not be possible. ‘If my supposition be correct, S. rufescens 

would be the first species described in the mature state among the 

group of larve studied by Dr. F. Miller. The question of the 

other forms must remain open until we likewise obtain mature 

specimens of them.” 

Notwithstanding Mliiller’s deserved repute as a naturalist, no 

dipterologist can accept the conclusions that C, ¢orrentium had 

dimorphic females—one mellisugous and holoptic, the other san- 

guisugous and dichoptic. Certainly no such extraordinary conclu- 

sion can be accepted until such females have actually been bred. 

Prof. Mik will see by turning to Dr. Osten Sacken’s paper (p. 162) 

the generic definition he has given for Sowa and Curupira. 



Kestoration of Oreodon Culbertsonii Leidy. 

(With Plate I.) 

Among the material of the Oreodontide of the Kansas Museum 

are two remarkable specimens of Oreodon culbertsontt, collected by 

Dr. Williston in the White River Miocene of eastern Wyoming. 

The two specimens are lying in one slab, close together, the one, 

an older individual, partly overlying the other. The skeleton of 
the older animal lies with nearly all its bones in place, the only 
ones displaced being five cervical and six anterior dorsal and the 

caudal vertebre. The other specimen is apparently complete, 
though some of the bones are partly concealed yet in the matrix. 
The two animals together furnish nearly every bone of the skele- 
ton, the only ones left in doubt being the last rib, the terminal 
caudal vertebra and the fifth digit of the front foot. 

A restoration based upon this remarkably perfect material was 
nearly completed before I obtained access to the very thorough 

Paper by Professor Scott on the same animal, in the Morph. 

Jahrbuch, Ixvi, pp. 319-395, and, notwithstanding that the restora- 

tion given by him is in most respects excellent, I have thought it 
worth while to publish the present one, inasmuch as there are 
certain errors in. Professor Scott’s restoration, due to the insuffi- 
ciency of the material upon which it was based. The present paper 

is, therefore, in a measure corrective of his paper, but for the most 

part supplementary. 

The principal corrections here made are in the length of the tail, 

the shape of the pelvis, the position of the acromion process of the 

Scapula and the presence of the metacromian, the form of the pos- 

terior superior angle of the scapula, and in the number of dorsal 
and lumbar vertebra, as well as the length of the posterior ribs. 

The caudal vertebre are scattered and largely missing in the 
larger individual, but are nearly all in place in the younger skele- 
ton, one or two at the tip being absent. There’ is not much differ- 
€nce in the size of the two individuals,-and a careful comparison of 
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the other bones shows very clearly the precise degree of enlarge- 

ment required for the restoration. Scott suspected that the short 

tail figured by him might be incorrect, as appears from the follow- 

ing: ‘Obgleich kein mir bekanntes Exemplar von Oreodon einen 

volistaendig erhaltenen Schwanz besitzt beweisen doch die vielen 

vorhandenen Wirbeln dass das Thier einen sehr langen Schwanz 

gehabt hat, eben so lang, wahrscheinlich, wie bei Anoplother- 

UM LC OOULy Min C..) 

The general form of the ilium is somewhat more slender than is 

indicated by Dr. Scott’s figure, the superior border is slightly ex- 

cavated, instead of arched, and the angles formed with the anterior 

and posterior borders are rounded and not acute. The ischium 

also presents a prominent tuberosity not shown in the figure, and 

which resembles that of the dog more than of the Artiodactyla. 

The spine and acromial process, instead of being directed 

slightly backward, are curved gradually forward, and at the lower 

extremity project beyond the anterior border of the scapula. The 

superior portion of the metacromian process is wanting in the spec- 

imens, but there is sufficient remaining to indicate a considerable 

development in this species. 

All the lumbar vertebra and seven of the dorsals are in place. 

The sixth presacral is a true lumbar, showing no rib-facet, and it is 

provided with long, broad, transverse processes. 

The ninth, tenth and eleventh ribs are in place, from which it is 

evident that the posterior ones are longer than were figured by 

Scott. 
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RESTORATION OF OREODON CULBERTSONID LEIDy. 

Qrecdon Beds, White River Miocene. One-fifth natural size 
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Gypsum in Kansas. 

BY Oy ARG Gist VS LBW 

With Plates LIT) TV, Vv, Vi. 

HISTORICAL INTRODUCTION. 

Gypsum (sulphate of lime), from two Greek words yn earth, 
and efw—=to concoct, is a mineral which has attracted attention 
from very early times. The transparent variety known as selenite 
was used by the ancients as a substitute for glass in windows. The 
best varieties were supposed to be in Upper Egypt and in Syria. 
It was also in favor for ornamental boxes, and for urns, in which 

lighted lamps were placed, and so threw a soft light through the 
apartments. The walls of the temple of Fortuna Seia were made 
of compact gypsum, and the interior, though without windows, is 
described as “sufficiently lighted by rays transmitted through the 
semi pellucid walls.” The writings of Theophrastus show that the 
Greeks were familiar with the use of plaster of Paris, made from 
calcining the gypsine stone in making casts. The term alabaster 
1S commonly noted in the ancient writings, and sometimes refers to 
compact gypsum and sometimes to the stalactite carbonate of lime, 
So that it is often difficult to tell from the meagre descriptions 
Which is intended. 

The earliest account of the use of gypsum as a fertilizer in the 
§round form known as land plaster is in 1768, when a German cler- 
8yman, by name of Mayer, used it with success. After this time 
there were numerous experiments made to test its efficiency and 
the faith of the workers along this line gave the appearance of 
Wonderful results. Thus one writes, that ‘‘the invariable results 

of several experiments incontestably prove that there is a most 

Powerful and subtile principle in this tasteless stone, but by what 
Peculiar agency or combination it is capable of forcing vegetation 
mM such an instantaneous and astonishing manner is a mystery 

which time reserves for others to unfold.” 
Gypsum in nature occurs ‘in five forms, all of which are found in 

the State of Kansas. 1. The earthy form, yellow or gray in color, 

(15) KAN. UNIV. QUAR., VOL. VI, NO, 1, JAN. 1897, SERIES A. 
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and composed of loose dust-like particles, rather light in weight, 

and is formed from solution of gypsum in water. 2. The compact 

variety, including alabaster and massive gypsum, which is very soft 

and of specific gravity, 2.2 or near. 3. Fibrous gypsum or satin 

spar, usually found in thin layers, in form of fine needles or prisms. 

4. Foliated gypsum, sometimes massive, but usually in small con- 

cretionary masses. 5. Spar gypsum or selenite, found in transpa- 

rent crystals. 

Gypsum is found in Thuringia, Saxony, Norway, at Mont Martre 

near Paris, Austria, Bohemia, Italy, Egypt, Arabia, Persia, and 

many other places in the old country. In the United States it is 

found along an east and west line in central New York, from 

Oneida county to Niagara; near Sandusky, Ohio; near Grand 

igan; in Smyth and Washington Rapids and Alabaster Point, Mich 

counties, Virginia; in Alabama and Louisiana; in Iowa, Kansas, 

Arkansas, Texas, Oklahoma, Indian Territory, Colorado, Montana, 

Utah, South Dakota, Wyoming, Arizona, Idaho, New Mexico, Cal- 

ifornia. The total amount produced in the United States in 1894 

was 239,312 short tons. The State of Kansas* produced that year 

64,889 tons, of which all but 647 short tons was calcined, thus 

standing second to Michigan among the states in quantity mined. 

The value of this product was $301,884, an excess of $112,264 over 

Michigan, placing this state first among the states of the Union in 

value of gypsum products. The value of the Kansas gypsum mined 

that year was greater than that of all the other states, excepting 

Michigan. There has been an increase in value of the gypsum 

products of Kansas of $207,649 in six years, which makes a record 

the state may well be proud of, and at the present time a very 

small percentage of the available supply has been taken, so that 

Kansas gypsum has a promising future. 

LOCATION AND DIVISION OF AREA, 

The gypsum deposits in Kansas occur in a belt trending north- 

east-southwest across the state. The belt of exposed rock varies 

in width from five miles at the north to fourteen in the central part 

and thirty-six miles near the southern line, with a length of 230 

miles. 

This area is naturally divided into three districts; which are. 

named from the important centers of manufacture: the northern or 

Blue Rapids area in Marshall county, the central or Gypsum City 

area in Dickinson and Saline counties, the southern or Medicine 

Lodge area in Barber and Comanche counties. These areas ap- 

*Statistics from 16th Annual U. 8. Geological Survey, 1896, 
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pear to be separate, but careful mapping shows a number of isolated 

intermediate deposits which serve to connect at least two of the 

larger areas. Gypsum is reported from near Randolph and in the 

reservoir excavation at Manhattan in Riley county. It is worked 

for plaster at Longford in the southern part of Clay county, and it 

is found near Manchester in the northern part of Dickinson county. 

These smaller areas indicate a connection between the northern 

and central areas. 

Gypsum deposits of economic importance are reported from near 

Peabody in Marion county, while they appear to be absent through 

Reno, Sedgwick and Kingman counties, where the extensive salt 

deposits occur. There is thus a break between the central and 

southern areas which is occupied by salt deposits. 

GEOLOGY. 

The northern area is located in the Permian. beds, consisting of 

fossiliferous limestones and shales. ‘The central area lies in the 

Permian, though higher than the northern, while the salt measures 

to the south occur, near the top of the Permian. » The southern 

Kansas gypsum is found in a series of red, sandy shales, called the 

Red Beds, which probably mark the transition from Permian to 

Cretaceous. The deposits, therefore, rise geologically from north 

to south, but they are confined to the Permian formation. The de- 

posits to the south in Indian Territory and’ Texas are placed in the 

Permian, while those at the north in Iowa are referred to. the 

Cretaceous, 

‘TOPOGRAPHY. 

The northern area shows the remnant of a plateau of 1250 feet 

elevation now indented by the Blue rivers and their tributaries, 

yielding a somewhat rugged topography. (This is shown in plate 

III from photograph at Manhattan with Blue river on right.) The 

central area lies seventy miles southwest of Blue Rapids, The 

area is drained by the Smoky Hill river, which flows in an extremely 

irregular or winding channel north of east, uniting with the Repub- 

lican river at Junction City, thirty miles away, to form the Kansas. 

It flows in the middle of a broad valley 1100 feet above sea level 

and a mile or more in width. Its tributaries in the gypsum area 

are three or four small creeks—-Gypsum, Holland and Turkey 

Which flow almost directly north. The main water-shed lies 

twenty-two miles to the south of the river, and trends nearly east 

and west, with an elevation of 1500 to 1550 feet. This descends on 

the south side Within eight miles to 1400 feet at the Cottonwood 

river. The divides between the north flowing creeks have a gradual 
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slope of about twenty feet to the mile and their sides are deeply 

indented by erosion. They vary in height above the creek level 

from 100 to 150 feet. The effect is that of a dissected plateau with 

irregular surface. A number of small towns are situated along the 

railroads in the central part of the area, while larger cities are lo- 

cated on the river. 

The southern area is situated 120 miles southwest of Gypsum 

City. The northern part is drained by the Medicine Lodge river, 

which rises in Kiowa county and flows southeast to Medicine 

Lodge, where it abruptly turns south and flows into Oklahoma; 

there it empties into the Salt Fork of the Arkansas river. The 

southern part is drained by the Nescatunga and its branches. The 

streams have cut deep channels or canyons in the soft strata which 

reach 200 feet in depth. The water shed between the two rivers 

is broad in Comanche county, with an elevation of 2200 feet; but 

it rapidly narrows to the southeast in Barber county, where its 

elevation is 2000 feet, descending to 1600 feet in the valley of the 

Medicine Lodge river within adistance of seven miles. The water- 

shed trends parallel with this river and turns south near the central 

part of Barber county, still parallel with the river. This region, 

with its gypsum capped buttes of red clay and shale, possesses a 

very rugged topography and gives evidence of great erosion. 

These features are well shown in the photograph of Flower Pot 

Mound shown in Plate IV; and also in the photograph of the 

Gypsum Hills, near the town of Medicine Lodge, shown in 

Plate V. 
BLUE RAPIDS AREA. 

The first gypsum deposits worked within the state of Kansas 

were in the northern or Blue Rapids area. In November, 1869, 

the commissioners laid out the site for the town of Blue Rapids. 

They carefully investigated the natural resources of the region and 

recognized the value of the water power of the Blue, and also the 

value of the gypsum deposits which had been known for some time 

to exist on the Big Blue about two miles northwest of the town. 

On selling their various properties they made a reservation along 

the Blue of 100 rods, including the known outcrop of the beds and 

extending back from the river for a distance of 320 feet. 

About the year 1871 Mr. J. V. Coon, of Elyria, Ohio, came to 

the new town, and, as the story goes, he burned some of the gyp- 

sum and carried it back to Cleveland, where it was pronounced to 

be of good quality and two car loads were ordered at a good price. 

He and a brother returned to Blue Rapids in 1872 and built a 
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frame shed on the east bank of the river, below the town. In an 

iron kettle, which held about five barrels and which was heated by 

a stove, they commenced the manufacture of plaster of Paris. 

Progperity seems to have attended their work, for in 1875 a stone 

mill was built by Coon & Son on the west side of the river and the 

water power of the river was now used for grinding. This mill 1s 

now standing, a monument to the commencement of a great Kan- 

Sas industry. The town, for purpose of encouragement of the new 

departure, granted them the north half of their reservation, des- 

cribed as extending from a point at the middle of the outcrop and 

thence north. This mill was operated for nearly twelve years and 

then the firm unfortunately failed. The mill property and the 

gypsum grant of fifty robs of outcrop and twenty rods back in the 

hill, came into the hands of Mr. Sweetland, a business man of 

Blue Rapids. It was leased to several parties and the mill was run 

to the year 1889, when the flood caused considerable damage re- 

sulting in the abandonment of the mill. 

Mr. Hayden, of New York, in 1887 bought the remaining portion 

of the old reservation and the adjoining Robinson farm. Fowler 

Brothers bought the farm back of the Sweetland twenty rods limit. 

The earlier mining was done by stripping the cover of dirt and 

shales, and the rock was hauled in wagons to the mill. Later it 

was brought down the river in flat boats, drawn by a small steam 

tug. 

In 1887 the Fowlers formed the Blue Rapids Plaster Company 

and built a one and one-half story frame mill of one kettle capacity 

on the west side of the river at edge of town. The present entry 

to their mine ig fifteen feet above the water level, though the gyp- 

snm bed rock is the bed rock of the river, which is four feet deep 

at this place.’ The entry runs east about 350 feet and the gypsum 

dips west toward the river. Five men are employed ai the mine, 

and the rock ig hauled out and up an incline to the railroad where 

a twenty-five ton car is loaded in two days and hauled to the mill. 

The gypsum o¢curs as a gray, mottled rock, with sugary texture, 

breaking with irregular fracture. The top consists of a layer of 

white selenite needles forming satin spar, with a thickness of one- 

fourth to one and three-fourth inches. Throughout the mine are 

numerous cutters, in which are found perfect, transparent crystals 

of gypsum, usually of small size. 
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I I 30 inches buff Permian 
limestone, 

Zottom’ of section in fig- 
ure r, 

10 feet soil and clay. 

8 feet.red and blue shales 

50 feet shale. 
t foot limestone, 

7 feet. fossiliferous lime- 
stone, 

I | “ 
1} 3 feet Cottonwood Falls 

limestone, 

Figure 2. A geologic section one 
eee mile east of Great Western Gypsum 

I I Buff limestone. mine, near Blue Rapids, Kansas. 

20 feet shale 

Buff limestone. Hi 2% feet soil and ground, 

8 feet limestone. 

20 feet shale. 6 feet blue shale. 

2 feet limestone. 

4 feet blue shale. 
Ee 

10 feet red shale, 

| 6 feet red and blue shales, ‘18 feet, blue shale above, 

red shale below. 

8% feet, gypsum. 

8% feet gypsum. 
Limestone, 

Limestone. Figure 3. A geologic. section at the 
Winter's gypsum mine, near Blue 

Figure 1, A:geologic section at Great Rapids, Kansas 

Western Gypsum mine, Blue Rapids, 

Kansas. 

The Great Western mine is located on the side of a bluff, one 

mile north of the town and forty-five feet above the level of the 

water in the river. It is two and a quarter miles southeast of the 

®: Fowler mine. The entry runs east of north for about 400 feet. 

In the first 200 feet the gypsum was in round masses, thick at the 
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middle and running out on the sides, with the trend across the entry 
and parallel with the slope of the hill. These appear to be old 
water courses. The thickness of the gypsum layer is the same as 
at Fowler Brothers’ mine, eight and one-half feet, and both rest 
upon a limestone floor. The section of the hill, which is typical 
for the region, is given in figure 1. The section given in figure 2 
was taken one mile east of the mine, and the top is ten feet lower 
than the bottom of the first section. The gypsum rock resembles 
very closely that already described, except there is an absence of 
the cutters and crystals. 

On the banks of the’Little Blue, two miles west of town, is lo- 
cated the Winter’s mine. The entry runs east and is in the hill 
about goo feet. The section, as shown in figure 3, is quite similar 
to the Great Western mine. The rock does not differ in appearance 
from other parts of this area. 

These three places are the only ones in the northern area where 
the rock is used, but it outcrops at a number of other localities 
and is struck in the various wells to the north, south and west 
of Blue Rapids; but it appears to be absent in the wells to the 
east. 

GYPSUM CITY AREA, 
In the northern part of the area, six miles southwest of Solomon 

City, on Gypsum creek, is located the mine and mill of the Crown 
Plaster Company, ‘The workable stratum of gypsum is five feet, 
and it is covered by forty feet of shales and gypsum layers which 
are much folded and broken. The entry is twenty feet above the 
water in the creek and is driven 1 15 feet east with two north entries 
eighty feet in length. The upper part of the stratum is similar to 
the northern gypsum, but 
the lower portion is very 
compact and is dotted with 
elliptical crystals of yel- 
lowish-brown selenite with 
the greater length in the 
direction of the vertical 
Crystal axis(c), as represent- 
ed in figure 4. Thecrystals 
are nearly one inch long 
‘and one-half inch wide, and Figure 4. Solid, massive gypsum, contain- 
8lve an appearance some- ing rounded and irregularly placed crystals of 

. gypsum, What like the bird’s eye SY! 
limestone of the eastern United States. 
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At Hope, twenty miles southeast, is located the only other mine 

in the rock gypsum in the central area. This is owned by the Kan- 

sas Cement Plaster Company, and they now obtain the rock from a 

fourteen foot stratum at the bottom of an eighty foot shaft. This 

rock is white, and much of it is traversed by wavy, dark lines, 

which give a gneissoid appearance, and the plaster made from it is 

sold under the name of ‘‘Granite Cement Plaster.” The lower 

part is compact and contains the rounded crystals of selenite, as in 

the mine at the north. Through this region there is another stra- 

tum five feet in thickness and roo feet higher, but it is not worked 

at the present time. 
SECONDARY DEPOSITS. 

Most of the plaster mills in this central area use the earthy gyp- 

sum deposits, which occur at various places in the region. There 

are five of these known. The first of these was discovered in the 

spring of 1873, near Gypsum City, by Mr. John Tinkler, in running 

a fire guard around a field. Two years later he calcined some of 

the dirt, as it is locally called, in an ordinary thirty-eight gallon 

kettle and used the plaster in the cellar of his house, where it still 

remains in good condition. In 1889, he, with others, built a mill 

at the edge of town, but it is no longer used. The deposit covers 

an area of twelve acres with an average thick of eight feet. It 

consists of a loose, granular dirt, of light ash gray color when dry, 

and it is readily shoveled into cars. It is thus directly calcined 

with less labor and expense than is the case with the solid gypsum 

rock. 

A number of years after the discovery of this deposit Mr. Got- 

lieb Heller discovered a similar deposit fourteen miles east near 

Dillon station. Another deposit is located three and one-half 

miles southwest of Dillon, and is five feet thick. In Marion county, 

about six miles south of the last deposit, the Acme Company owna 

mill and similar deposit which is six to ten feet thick. The 

Agatite Company have another mill and deposit at Longford, in 

Clay county, thirty-five miles northwest of the Dillon mill. 

All of these deposits lie in low, swampy ground, and strong 

gypsum springs are usually found in them. In most there is a 

ledge of rock gypsum at the same level or ten to twenty feet below. 

The presence of recent shells and bones near the bottom of these 

deposits shows they are recent in age. 

MEDICINE LODGE DEPOSITS. 

The southern Kansas gypsum, with its continuation in Oklahoma 

and Texas, forms the largest area in the United States. Near 
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Medicine Lodge the rock caps the hills as a layer twenty-five feet 
thick protecting the underlying soft red beds, thus causing the very 
tugged topography already described. The red clays and shales 
below the gypsum contain an interlacing network of selenite and 
Satin spar layers, which have been dissolved out of the solid stra- 
tum and carried downward by circulating water. In the western 
Part of the area solution has carved out caves and underground 
channels, leaving, in many places, natural bridges of gypsum. The 
rock is snowy white, and the greater portion has a sugary texture, 
though the lower portion is compact. There are two mills making 
plaster from this rock. Best Brothers own a mill at the town of 
Medicine Lodge and manufacture the product known as Keene’s 
cement, or Kobinson cement. This mill has been in operation 
Since 1889. The Standard Cement & Plaster Company have a mill 
west of Sun City and manufacture about eighteen tons of plaster 
Per day. This great gypsum area is practically undeveloped at the 
Present time. 

ORIGIN AND AGE. 
I have treated this subject quite at length in a recent paper for 

the Bulletin of the Geological Society of America, which will soon 
be issued from the press. The central and northern rock strata were 
deposited in an arm of the sea, cut off from the main ocean in the 
lower Permian or Neosho epoch. Farther out in the old gulf salt 
Was deposited in large amount and forms today an important ad- 
dition to the mineral wealth of the state. No salt is now found 
Close to the gypsum, and if it did exist it has been removed by so- 
lution. The irregular upper surface of the gypsum shows that 
there has been solution in some places where large quantities of 
8ypsum rock have been carried away. 

The swamp deposits of earthy gypsum have probably been formed 
by deposit from springs, aided by wash from the hill-sides; and 
they are recent in age. 

The southern gypsum was deposited in a shallow gulf cut off not 
far from close of Permian time. As in the northern gulf, a salt 
deposit occurs to the southwest in the Salt Plains district, but no 
trace is found near the gypsum. 

TECHNOLOGY. 

There are eleven mills in Kansas engaged in the manufacture of 
Plaster from gypsum, seven use the gypsum rock and four use the 
8ypsum dirt. Nearly the same process is used in all the mills of 
the northern and central areas, except that the mills using the dirt 
do not require the crushing machinery. The machinery is manufac- 
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tured by Butterworth & Lowe, of Grand Rapids, Mich., and also 

by a Kansas company, the Ehrsam Machine Company, of Enter- 

prise. 

Figure 5. Gypsum Crusher, 

On the ground floor is placed the crusher and nipper. ‘The 

jaws of chilled iron, which have a back- 

ward and forward crushing motion, and it is operated by steam, or 

water power. Blocks, averaging fifty pounds weight, are thrown 

crusher has face plates or 

into this machine and crushed into pieces about the size of a man’s 

hand. These small masses drop from the crusher into the cracker, 

which is set in the floor just under the crusher. This machine, , 

with its interior revolving shaft, acts somewhat like a coffee mill 

and further crushes the gypsum into fragments of the size of small 

gravel which fall into buckets of a chain elevator, whereby it 1s 

raised to a bin on the second floor. From this bin the gypsum 

particles pass through a spout into an ordinary buhr mill where it 

is ground into flour. From the buhrs it passes into another chain 

elevator and is carried to the top of the second story into the stor- 

age bin, located just over the kettle. It is then run slowly into the 

calcining kettle, taking about one hour to fill it to a depth of five 

feet. The average kettle is eight feet in diameter and six to eight 

feet deep, surrounded by a wall of stone nearly four feet thick. 
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Such a kettle holds seven and one-half tons of ground rock, which 
is calcined in three hours. It loses about one-fourth its weight 

through loss of water, which passes out the vapor stacks connected 

with the kettle, so that there remains about six tons of plaster. 

During the process of calcination the whole mass is stirred by a 

revolving stirrer, making about fifteen revolutions per minute. 

Plan of rxe Caleining Kettle ———_—— 

Seale I'e/ Lrsam Uach Co Eitoprrse Hong 

Figure 6. Gypsum Calcining Kettle, 
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The kettle is heated to about 240° F., before filling with the raw 

material, and this temperature is gradually increased to 340° F., as 

evaporation progresses. At the latter temperature the material 

stops the apparent boiling and sett/es down solid, leaving twelve to 

sixteen inches of vacant space at the top and the steam ceases to 

rise. . After about one-half hour the material comes up again and 

then at a certain temperature, which is a trade secret, the whole 

mass is rapidly withdrawn through a gate near the kettle bottom 

and the plaster runs into a fire-proof bin on the ground, ©The ket- 

tle is then refilled, so that three kettles are usually burned in a day, 

and these require about 1400 pounds of coal. 

During the process of calcination a retarder is mixed with the 

gypsum, the object of which is to form a plaster which will not set 

as quickly as the natural plaster of Paris. The latter sets in about 

ten minutes, while the retarder usually is added in sufficient amount 

to make it set in two hours, or in extreme cases in twenty-four 

hours. Various substances are used for this purpsse. Citric acid 

was formerly used with about two pounds to the ton of plaster, but 

the effect was apt to be very uneven, Magnesian limestone has 

been used with poor results. Sours and sweets form the worker’s 

rule for retarders. Sorghum has been’ used with success; glue 

water was long in favor, but now they usually use patent retarders, 

known as Iola and Webster City retarders, and about fifteen pounds 

are used to the ton. 

After the hot plaster passes from the kettle to the eround bin it 

remains about an hour to partially cool, and then it is raised to the 

second story and descends into a horizontal cylindrical reel, forty 

inches in diameter and ten feet long, slanting downward three- 

eighths of an inch to the foot. This is made of brass wire-cloth about 

forty by forty meshes to the inch. The tailings, usually about one 

per cent in amount, are carried back to the buhr mill and reground. 

The fine plaster is then run into 100 pound sacks or 250 pound 

barrels and is ready for shipment. 

The advantages of wall plaster, made from gypsum, are outlined 

in the circulars of the various companies as follows: Being a per- 

fect non-conductor of heat it is valuable for protection of iron joist, 

elevator shafts, and stairs; it sets and the walls dry out much 

quicker than lime work, so that carpenters can follow the plasterers 

almost immediately, as also the painters and paper hangers; any 

color can be mixed with the material in its preparation for mortar 

to produce any tint desired, and it does not affect coloring material 

as lime does; it requires less mortar than other materials; ceilings 
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and walls, thoroughly soaked from leaking and unprotected roofs, 
have not been in the least injured; it attains a high polish and is 
now largely used for wainscoting as a substitute for marble; this 
plaster makes walls fire-proof, and they are not affected by change 
of temperature, they do not chip or crack and they become harder 
with age; it is dense and hard and so vermin proof. 

USES. 

The gypsum of Kansas in its ground, uncalcined state, is used 
as land plaster for fertilizer, which is thought to be directly bene- 
ficial in its lime; but its main value is indirect in retaining moisture 

and ammonia which is slowly given up to the growing plants. In 
Many states large portions of the gypsum is thus used, but in this 
State only 560 tons, out of nearly 65,000 tons in 1894, was ground 

into land plaster. In this condition it is also valuable as a disin- 
fectant around houses and stables, through its absorptive properties 
taking up the offensive odors. 

Most of the mineral is calcined, and then in its finer grades it is 
used for dental plaster and as plaster of Paris for casts and moulds 

and white finish for walls. It has been used with marked success 
for fire-proof material. For this last purpose the calcined gypsum 
is mixed with finely ground cinders and poured between the iron 
joists with temporary plates above and below, giving a smooth 

under surface for the finishing coat of the ceiling of the lower sto- 

ries and a smooth upper surface on which the tile floor may be 
laid. This material is claimed to be thirty-five per cent lighter, 
twenty-five per cent greater strength, and sixty per cent cheaper 

than tiling, which has long been used for this purpose. 

The greater portion of the calcined material, however, is manu- 
factured into the form of cement or rock plaster, which is displacing 
in many portions of the country the ordinary lime plasters. 
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Permian BiLurr ar Manwatran, Kansas. 

Gypsum Beds Near Top. 

(Photographed by E. Haworth, 1895.) 
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PLATE IV. 

FLower Por Mounp, Rep Beps Hit, near Mepicine Lopce, Kansas. 

(Photographed by . Prosser, 1896.) 





PLATE V 

MansarpD Hitis in Rep Beps, NeaR Mepicine Lopce, Kansas. 

(Photographed by C. 8. Prosser, 1894.) 
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On the Chemical Composition of Some Kan- 

sas Gypsum Rocks.” 

BY. EH. H. S.) BAILEY AND: W. My WHITTEN. 

(Preliminary Paper.) 

The material used for these analyses was collected in the summer 

of 1896 by Mr. G. P. Grimsley. Great care was taken that the 

Samples should be average samples, so that the analyses should 
represent the composition of the rock or dirt actually used at the 
mills. It is not necessary to give the details of the process of anal- 
ysis, but it may be in order to state that special care was exercised, 
after the separation of the silica, that the calcium sulfate be fully 

dissolved by boiling, several times, if necessary, with dilute hy- 
drochloric acid. . The acid, if quite dilute, dissolved the sulfate 

very readily, but strong acid had little effect upon it. Water was 

determined by heating a sample in the air bath at 200° C. to con- 

Stant weight. Asa part of the water is driven off from gypsum at 
S0 low a temperature, it was deemed advisable to use the air dried 

Samples for analysis. 
The geological phases of this subject are more fully discussed by 

Mr. Grimsley. The occurrence of the rock, methods of manufac- 
Ure, and the composition of the manufactured products, will be 

treated of in a later paper. 
In Kansas there are at least three areas where the gypsum has 

been mined or quarried and used for commercial purposes. Other 
Centers of the industry will, no doubt, soon be opened up. The 

three localities are, from the vicinity of Blue Rapids, the vicinity 

of Gypsum City, and the vicinity of Medicine Lodge. Analyses 
ave been made of samples from two of these localities only. 
aa from the Gypsum City locality are from both Dickinson and 

aline counties. It will be noticed that two kinds of material are 
used mM manufacturing cement—the rock which is quarried and a 
Soft Ris 3 : ‘ disintegrated material, which can readily be shoveled upon 
Lelia CEN ATS ay ‘ ae ae : © cars. This is called ‘dirt,” in the reports given below. It is 
*A binge y 

nN abstract of A ak she Mt ae : ee a ro spor 
Academy of Scignotn'® paper was read before the Topeka meeting of the Kansas 

(29) KAN. UNIV. QUAR., VOL. VI.) JAN, 1897, SERINS A. 
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usually light brown in color and of such uniform texture that its 

‘true character would not be suspected. ‘The results of the analyses 

are as follows: 

Rock from Medicine Lodge mill, used by Best Brothers for the 

manufacture of cement. 
Per Cent 

Silica) Ana INSOUWALE PESUCU Es  wawer hat yas diese besyel teeter tea LO) 

THOM ANG ALUMI WI TORTS Saabs Meco Wn toes calc enda celina aml 

Calcium oxid......... 55 RCS Mae ar er theater SERVERS ante SGA! 

IWIecRom ats icahebuay Copa Kae maple yeu Sarena Se MaeioW chant UR eRe Er ie AS, 

Sulfuric SNaaiich aka Sine aig ernie heaic Ly, wEeR LA CWE MATA: 

Carbo ns CUOeiy COO TATOCIN Mitre ells Gere IulN heey Ol 

NAAT HHA a da ere AHRENS CmE NMR UAE gmt ce Core wlan wl (oat itiae Cette? RG on gyanira staal) tas) 

Ae Hale CRAIC RMT oe arna Mi DHUD IC ectoLiea'h aie di O AGO 

Calculating the above constituents as they probably exist in the 

rock, the result would be: 
Por Cent, 

SHOAL AG, THA OLUDIer PESTO Cn a meena ain tk Metals eer W LO 

irovatrchavall t-Uibhuandngthonigrapskalp Rie ha) cieee ie nO al Nip Hans ital VO) 

OTM Tent onoateichbtlvic ii oaks CRA aC a aipet MST nega Mir MENT Nosh aU non ae un WA Rr Oa 

LegiraRoh hninaiariaclofapaliaanonmneeeG Meae aiMen CAR Mase EL anerrantn earl dcol Rens sO cman My i naW. yt 

Magnesium carbonate... 6... cece epee eee een 634 

Water Au ZOV AO 

The three following samples are from Hope: No. 1 is a sample 

from five cars at the entrance of Hope shaft; No. 2 is from a shaft 

west of Hope; and No. 3 is taken from boulders on a hill near 

Hope, and was formerly used at Hope mill. 
INOW] INO ay No. 3 

Per Cent, Per Cent, Per Cent. 

Silica and insoluble residue....... .52 ace an 

Tron and avant OXIGS iy ise es 20 LO 29 7 

Calcium oxid..... 60... dees EBRULO MN 2 Od 22:53 

Magresitiin Osnd yy iii c. Give lls OS more) 29 

SuiOvanhyatid yt tie he eA AOD id Sree AO.Og 

GaP OUCH OMLCL uh, halaatyiatanis uaa wide day OO bi Ave 56 

NCATE ah a ie AU Dap OOD RE We ga ear Laan ac Nie ar Ny Gi ay aOR Os eR Tn LIZA 

ROGER Wace) ie Md se nlc ide yO ClO ant TL OOWOG 99.51 

Calculating the above constituents as they probably exist in the 

rock, the result would be: 
NO dl, NO. 2 No. 3. 

Per Vent. Per Cent. Per Cent, 

Silica and insoluble residue........ .52 (Sa AI 

[ron and aluminum oxids........ (20 io) 

Galeteary HUES rs ee eer ved oelne yyy Omit) 7 OnQo 

Galo mm CPO mAs heii a ew ste el Kiva Or 1.68 55 

Magnesium carbonate............., 2,00 1.30 ait 

VAIL E Mav ah AMR sees Qererirwbiny, Wile e rm reeehur nal Chine, 19,63 LOW 
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[Three samples from the vicinity of Dillon were analyzed. No. 

1 is a sample of the dirt that is used at the Dillon mille“ INGe 2’ isa 

sample of the dirt that is collected at a point about three miles 

south of Dillon. No. 3 is rock from a small quarry a little south of 

Dillon. It is not used at present. 
No, 1. No. 2. No. 3. 

Per Cent. Per Cent. Per Cent. 

STIGA ANC NUSOLUDIE TESTOUNE wink vi Mec hens ly. DO 135 

idobakachakalesiibhnabhatbhanthiga):cballwi sani asa rre Maja) 2.04 ore 

CENophehuettop esl canatmh AU aea aa Annan neeKolin irene) ra ObnWidlalitcerdisl yin 

IN Hea meth ng unig opal alhaur mtg salina ner areata Gumauae: Nel Atel aeg, 

SIGHGAD Estes Chavehidabalalie matrsuaivens paul wennicty A wor uatuchtactal (aces 107, 

GarpomadrOoman (OAlOUlAved) sori: (ea 4.04 ES7 

NATE ach ane cay A Leh Ale toa Hatem ayes cist CMs LRM ay ante me Hol! 

TOtAI Wi ob ey dake nuL nea OSLO Mn OOL05 BOC 

Calculating the above constituents as they probably exist in the 

Tock, we have the following result: 
No. 1 No 2 NG: "Bi 

Per Gent. Per Cent. Per Cent. 

Silica and insoluble residue. ..i ¢. 912.13 7A IR) 135 

IBndofahetabatakasHibhuapyalubanyobicrkak=is ashes ei | deme wate\e) 2.04 ihe 

GOGH SATS co eater MOAN OS Unb OnSe 78.40 

CL OTUT Cok DOMEUOWY vuihv sud crte thon «Suan gal 50 

MIA RESIUIM Can DOMALG ins maine win ael ice 1.24 -57 

VECO Gs NP BRM oles EAU rile bid! pret ONE Mate nl Sea Olnas 0 eGO 

There are two samples from the vicinity of Solomon mills). No. 

tis a rock from the mine at the mill. No. 2 is the rock that occurs 

about a quarter of a mile east of Solomon mills. This material is 

used in’ small quantities mixed with the material from the mine at 

the mill. 

Gan Uene, pen dant. 

MUCH And INSO lbs TESTU sinew aici Dour aol 130 

MiopalgarabalaeMaihuaabalhbaakiep: GiGi Menten wt AiRi MN y apr a ION IG, 16 

GACT MT OMG uc tiak mull ics CRMC Mae WU Ah aautiieuy Oa LOMbenata Ce 

Dever eleTan OSALC dion alias tua ia hit obe Akasa pa Ne uate ee AH) 

SbUL Abbe enatntlmitda la tGl adele aMASRU MAL aR Gn RCLOMAMERE GL) ely 45:77 

Garon dioxid: (Oaleulmbed ye: hd iaivuea a saiaetnOS, +50 

VIERA fac uonreteton ie ghey atatey cine a Rie Ceti aaa eo agTs Fel not 20.37 

MH Gio rok eee sy Le Ge ETO ee 

According to the above analysis the probable composition of the 

tocks is as follows: 

* ah 
Alkalios undetermined. 
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NOH iby No. 2. 
Per Oent. Per Cent, 

poidnitessiahaial) rhal-folubiloM=) qop(ahbaciagia cal ue ame Nt 

FLOM) Gy ah WAI MIO RIGS lent anemone ti ebv vlna 10) 

Oli Suliatenc isiGuy otal hac Abs ore TOOTS afgj Noh 
Calorie re WOMaALes mama Atle win aeN lsh Kane ure Neyo 

Magnesium carbonate EST TONGA AHR MCU SUN EEN Avant edhe? .g6 

VSG GI Hain Ni, ce Men euremnanio Cie th a Min ene EE Nh Cyan INOW a) 

One sample was analysed from the Tinkler farm. ‘Tnis is also 

a dirt and was formerly used at Gypsum City. The analysis is as 

follows: 
Per Cent. 

ouliersiitchatak soal-folltniehcten ql ntanbioome i wy Uaioe enr se aa Ceysles Gul 
dopa cunidiee Wuhanhoibhnantop kal esa We en: AN ARM n nea aeU sy Went Aa tied 

Opeilker hungarian clalt a Mera aine math NIMRar RENN MONNnne ED MOAR chur ir ge Hatt 

VIPUL ee ICH Taney eerGh oa te ye vister e's At ectnigay OMIM MeeNeve: aie yim Comune ciate aaa os 

SLUTS ACEI SM ts uta O myelin it vin eMeUNtte srt ATO) 

Pe Hdmfonialtop-aialesdKotzt Ko, bllecnu=<alyi Ahk wpa, Tonsil Nea ePeuuetin Landaa rier Pb 

VV EUS Tay, iste cut dorm esata n Mes Weim attnle Slit adm gyi, l0/ ite Myatlyiiafles Seale de LON Ole 

UO Ce eich tila aioe aah ay OmOMF omc TMnNrany Wc O ie tie 

Calculating the above constituents as they probably exist in the 

rock, the result would be: 
Per Cent, 

LUCA AT Ce iS CLL OLE TESTING H eWay lus ay tad cumpainatsidi ial 

liionatchaol<icihhnanbhalthuniedopagali-e sn wa kr ahtab Mind gure Mel ioaeMm cGy At 4 Pt 

CLT MELA Ueimanacyt atten naar tly snr NRE aie a0. Ne ManO mem 

(Or MFethihangerers lafenni zc te Oia ACay NT MORI Wares CUM aal MR AN Aven MaRIR MBH ACY 

Magiestinm CAntOmate rian yhuni oni wi husuerne My wt oko) 

VV BUG) Miata il yan sen ee niwaeely seu ulntitttamnya cation Cash aa rita leabatiesy W fixes ie Dy O7uieo ee 

One sample was obtained from Rhoades, a point about seven 

miles south of Banner city. This was also of the variety known as 

“dirt.” The analysis is as follows: 
Per Cent. 

SULCA AMG ANS OLPDUS HERTS Ha INE ihn vinta a) aes mee OO 

Indo por ycbakalsccnlithnakhnjuhnaghtopalok=pAuia awe svn iui caret maa Mone Meaehtegs cL) 

GE iRosh hdaalihcoh 4c heh ey MEN nk run vec seman EO AR Om aev tne tc citola) 

WE ESIIIE ORL a ee Minune miei Merck ROL McD 

ES AWMhqhisptoneNni)mixigalya kale, Hap Man WN GAMA ENC Tt nano iaa tis mo wMce Lola) 

CarhOm,. iomich COMICHIATE Cd sna W a aualins ii Rial aid sy egy 

NAN thn dt Gta CeO SEAMS eV aie utde HAMaEge SOTO MIB URIg ali 

POR Anse eh Ri alnenaC Moira bean easy MiAali ne rT aii ORG) 

*Alkalies undetermined, 
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Calculating the above constituents as they probably exist in na- 

ture the result would be: 
Per Cent. 

SILOM AG MNSOLUbNe MESKCU GK Wyn MUN a Nik aniy My inewt ene AaO 

Ibiopabyechuiahyshbhankbaibliotgop, skal utara mits aM Micanennen yal ay er ls aye 

CG UUT SUNDA GN IAN Nc Cane 0 apie aru e lcs aii kate Sar | ue ele aie rms 

\Qecilholwbhianated lanl mfepoitsh we uM saan sipany raise neta Manne acta wouter cg afncch ap als (loys! 

INF eWecine\cnhbligalauto(ahaln {onal hepa y Meus cu iare EN am NNpRIae mits concen oie Lalo, 

VAL O MWe Me wip deayaiebomelde skipuc Ae victie! Wigvechy’ceMMntly Mercer enn Cin VRlny a eae 

Only one specimen of the gypsum was obtained from Clay coun- 

ty. This was from the mill at Longford, in the southwestern part 

of the county. The composition is as follows: 
Per Cent. 

SULiGd An MMSOlU DLE  TESICUG awn iG. vpicinmany thaws aloe 

ecco tamatahaeulfibanynalb lan icep: cis kis jay Ra ema moat acc EE NMR cel falar 700 

\Cieullor thine telah bouncy Tae eta ket d Ran init Mua mn RRA Vics), 7 

Indl clients Abba co pb hul aNargey Gur Dee CusaD ab io Aneel aLbet an aan aya ri cK) 

HEMI Ni tole eebntl nia dah athal Matai Mun wun Ra tee Ma LUMEN aN Cru NMI a shop 7V/ 

(Cahn pj alan Melidapratale (or: HRoh n= Wacpak ite te eines Ma cer eat als ty HG) 8G 

NCO TO rise MR cy an cee atucat ta tolate Au aeMe Ate Sein 1c ays teeta CeCe 

Ki Drotisd lc eGR een on ics eR CURE RR OEMS ie cyte lot Ua) 

Calculating the above constituents as they probably exist in the 

tock, the result would be: 
Per Oent 

SHOR CAN SOU TESTO yy Wires dab 0 viet an nutes Be nOw) 

vnohath chalaleiahbonahinnah saberop-aial eee Mannie CHARMING MCU rei niiecah ae avin 05 001 

(Ceailloiiihaa HehBhich cla ae eta Unhe Cea aminar Miah umnnn Mantancr mash ciaty ay Ws16 | 15)0) 

(neki btaalvtake blohakcni: WMC an pene Penaomn a Timm UCC eRER Ze Ah}s 110) 

NiO SETI CATOONATCN, Foie hui Sele Wa oliniy nin Aun Gaiiet sere sian I 

\AV/21I oie a eae Brak irae Maire ne BARR Ore MMS Sage Ure uN a rm nt Le] a 

It will be noticed by an inspection of the analyses that but one 

iS given from Barber county, while seven are from Dickinson 

county, three from Saline county, and one only from Clay county. 

There has been great activity in Dickinson county, especially, in 

this industry for the past ten years. 

3ut little need be said at this time in the discussion of the com- 

Position of these rocks. It has been noticed from the analyses 

above given and from a large number of other analyses of similar 

Material made in the University laboratories, that the per cent of 

Calcium sulfate is from sixty to eighty. The amount of water us- 

ually corresponds quite closely to the amount that theoretically 

HA Ve014 i Alkalies undetermined. 
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belongs to Gypsum. If the gypsum be pure the per cent of water 
approximates quite closely to 20.9 per cent, the theoretical amount. 
If on the other hand it contains large quantities of calcium carbon- 

ate or of silica and insoluble material; the per cent of water some- 
times falls as low as 5.5. 

Calcium carbonate is seldom found higher than twelve per cent, 

while it frequently, in the rocks especially, is less than one per 

cent. The magnesium salts are usually present, but in very small 

quantity, and, indeed, so small that their presence or influence 
could usually be ignored. It is difficult to decide just what part 

the silica plays in increasing the efficiency of the cementing mate- 

rial. It seems quite probable, however, that within certain limits 

the silica would tend to form silicates, after the manufactured ma- 

terial has been mixed with water and begins to ‘“‘set.’’ This 

problem, however, can be more satisfactorily discussed in connec- 

tion with the process of manufacture and the composition of the 

commercial cements. 



Restoration of Ornithostoma (Pteranodon). 

BY' S. W. WILLISTON. * 

With Plate TI. 

In the Annals and Magazine of Natural History for January, 
1871, Prof. H. G. Seeley proposed the name Ornithostoma for a 
genus of toothless Pterodactyls in the following words: ‘A new 
Senus appears to be constituted by some three portions of the jaws 
from the Cambridge Greensand. Unfortunately the extremity is 
not preserved. They have the ordinary dagger-shaped snout, but 
appear to be entirely destitute of teeth. I provisionally name the 

senus Ornithostoma.” It was not until 1876 that Marsh announced 
the discovery of the toothless character of the American Pterodac- 

tyls, giving them the name P¢eranodon. Concerning this genus 

Seeley further says:+ ‘There is, so far as I can discern, no evi- 
dence of generic difference between Ornithostoma and Pteranodon. 

There is perfect correspondence in the dagger-shaped form of the 

jaw, in the relations between the height of the jaw and the breadth 

of the palate, in the flattened sides of the snout, and their converg- 

ence superiorly into a rounded ridge, in the thin, rounded margin 
of the jaw which represents the alveolar margin, and in the smooth 
palate formed by a single, wide, concave channel.’”’ All this, and 

other evidence, Seeley obtained from the figures and descriptions 

given by Marsh. 
In the article last cited Prof. Seeley figures the shoulder-girdle 

of Ornithocheirus, adding the statement, “I believe this form of 
shoulder-girdle is substantially the same in all the Cretaceous 

Stoup.” In this he is correct, so far as the genus Péeranodon is 

concerned. The very peculiar and remarkable structure of the 
Scapula and coracoid is precisely that of the latter genus. In fact, 
every essential character that has been given so far for the Eu- 
ropean species of this group agrees quite with those of our Kansas 

Specimens. This will demonstate how unimportant are the charac- 

ters derived from the absence or presence of the teeth. Marsh 

~g Mor other papers on Ornithostoma by the writer see Kans, Univ. Quar., i, p 1; if, p. 
5 iv, pp. 61, 195, 
tAnn. Mag. Nat. Hist., 1801, p. 440. 

(35) KAN. UNIV. QUAR., VOL, VI, NO, lt, JAN. 1897, SERIES A. 
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proposed a new order for these pterodactyls, baesd upon the 

absence of the teeth, but, as has been already shown for the orders 

of Ichthyosaurs and Birds based upon the same character, it is of 

subordinate value. Of course it is not yet certain that a perfect 

knowledge of the European species of Ornithostoma may not reveal 

generic characters to distinguish them from the American, but it is 

very doubtful, and the assumption that they are different, in the 

face of so much and direct evidence of identity, is unscientific. In 

Kansas rocks the genus is persistent in time, the species O. 

ingens reaching through nearly the whole thickness of the Niobrara 

rocks, and extending, as I believe, into the basal strata of the Ft. 

Pierre. I am confidently of the opinion that thorough examination 

of the Pierre deposits will reveal the genus throughout a large 

part of their extent. 

From the study of the Kansas material in the University of Kan- 

sas Museum the following classification and characters seem to be 

most in accord with our present knowledge. I should prefer the 

term Pterodactyloidea for the suborder in place of Ornithocheir- 

oidea. The character of the scapular union cany not be of more 

than family value, since the resemblance otherwise between WVyc/o- 

dactylus and Ornithostoma is too great to separate the forms into 

separate suborders. 

Order Pterosauria. 

SyporDER ORNITHOCHEIROIDEA. — Tail short; wing metacarpal 

longer than the fore-arm; fifth toe rudimentary; nasal 

and ante-orbital vacuities more or less confluent. 

Famity OrnrrHocHeirip™.—-Distal end of scapula thickened 

and provided with articular facet for union with supra- 

neural articulation. Carpal bones three in number. 

SuBrAMILY ORNITHOCHEIRINA.—Jaws with well developed 

teeth. 

SuBrAMILY ORNITHOSTOMATINA.~--Jaws wholly edentulous. 

Fairy Preropactryiipa.—Scapula thin on the upper end, not 

articulating with neural spine. 

SupraMILy PrrropacryLina.—Jaws with teeth. 

Supramity Nvcropacryiina.—Jaws wholly edentulous(?). 

In the accompanying Plate II is given a restoration of Ornith- 

ostoma ingens Marsh. This species, of which O. wmdbrosum Cope is a 

synonym, is the most common one in the Kansas chalk. The char- 

acters which have been used to distinguish the species are, almost 

without exception, of doubtful value. The bones are invariably 

found crushed flat, with the articular surfaces distorted and changed. 
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For that reason I have yet failed to determine some of the species 

described previously. O. iugens is, however, more easily recog- 

nizable from the size alone, in which it seems very constant. 

Among the material of this genus in the University I have recog- 

nized four species, based partly upon size, partly upon structural 

differences. Such differences are found in the shape of the hu- 

merus, the terminal wing phalanx, the relative length of the bones, 

etc, 

The material which I have referred to O. ‘ngens includes some 

twenty specimens, which have furnished all parts of the skele- 

ton save some of the cervical and dorsal vertebre, the pelvis and 

the larger part of the skull. The pectoral girdle and anterior ex- 

tremity, with the exception of the terminal phalanx, together with 

the complete leg, are from one specimen—the vertebra from an- 

other. The pelvis is drawn from a specimen of another species, 

comprising the larger part of the skeleton. The resemblances of 

the skeleton throughout are so great that there can be little doubt 

that the pelvis would be equally indistinguishable, save by size. 

It is unnecessary to add that its size in the drawing has been made 

proportional to that of the other bones. Of the skull, the larger 

part of the lower jaws and some of the posterior portions are alone 

available in this species, and the remainder is taken from one be- 

longing toa smaller form. I have assumed that this latter spec- 

imen is of another species, but the difference in size is all that | 

have so far been able to discover. 

The number of dorsal vertebra can not be determined. The re- 

lative positions of the pectoral girdle and leg in several specimens 

show pretty conclusively that the trunk could not have been longer 

than has been figured. 

Altogether the skeleton of Ornithostoma presents some very re- 

markable characters. I believe there is no other reptile in which 

prosthenic features are carried to as high a degree as in this. The 

disproportion between the fore and hind extremities is almost ludi- 

crous. The pelvis is exceedingly small, the legs not only small 

but weak in all respects. That the animal could have stood upon 

its feet free on the ground I do not believe possible. The neck 

vertebrae are relatively stout, but the neck was not remarkably 

elongated, to carry sucha head as the animal possessed. Further- 

more the remarkable mode of articulation of the neck and anterior 

dorsal vertebra seems to indicate a restricted range of torsion, 

though tolerably wide sagittal flexion. The occurrence of the re- 

Mains of the large species in strata evidently formed remote from 
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the shore lines, as shown by the entire absence of other shore ani- 

mals, turtles, etc., indicate great powers of flight. Furthermore, 

it is rare that a single bone of a pterodactyl is found unassociated 

with others, and almost invariably the bones of the wings are found 

more or less in connection indicating either tough and strong ten- 

dons, or a rapid sinking of the skeleton, which might happen from 

the rapid filling of the hollow bones with water through their pneu- 

matic openings. 

Notwithstanding the enormous expanse of the wings, these ani- 

mals when alive must have weighed but little. I doubt very much 

if one of the largest species reached twenty pounds. When at 

rest, the phalanges of the wings were doubtless folded almost par- 

allel with the metacarpal, as they are sometimes found preserved in 

this position. There was very little movement in the wrist, con- 

siderable in the elbow, and very much in the shoulder. In the 

humerus there is a remarkable projection for muscular attachment 

corresponding to the deltoid tubercle, but I doubt very much that 

it was for the exclusive insertion of muscles corresponding to the 

deltoid, inasmuch as its large and strong face for muscular attach- 

ments points away from the shoulder and towards the arm. On 

the inner mesial side there is also a strong projection proximally, 

which I doubt not was for the pectoral muscles, muscles which 

must necessarily have been most important in keeping the wings 

outspread. The imperfect or rudimentary claws and the weak toes 

mean that the animal could not have used the feet effectively for 

grasping, while the exceedingly free movement of the femur in the 

actetabulum must indicate great freedom of movement of the hind 

legs and corresponding lack of strength. Altogether, I believe that 

the function of the legs was chiefly for guidance in flight, through 

their control over the membranes. I suspect that the membrane 

from the wings extended a considerable distance upon the sides 

of the legs, and, perhaps, connected them in part. From the com- 

parative heaviness of the head and vertebra, and the structure of 

the latter, it is also probable that in flight the neck was curved 

backward in its lower part. If the animal hung in the upright posi: 

tion when at rest, it is difficult to see where the head was stowed 

away. 

The length of this species from tip of outstreched bill to tip of 

toes was about eight feet, the expanse of the wings in the posture 

shown in the engraving was eighteen feet and six inches. It is 

often erroneously stated in text-books that the distance between 

the tips of the wings in this species was twenty-five feet. 
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Skull. 

The shape and structure of the skull I have described in previous 
Papers. In the present species the total length of this part of the 
Skeleton was considerably less than four feet. A most careful ex- 
amination of the alveolar borders of both maxilla and mandibles, 
has revealed no indications of teeth, even rudimentary ones. The 
Position of the occipital condyle is such that the head might have 
been flexed to an acute angle upon the neck. In the figure here 
Siven the width of the head is less than has been heretofore figured, 
but it is certainly more nearly correct. 

Vertebras. 

The number of cervical vertebra is seven, and, in all probability, 
not more. The atlas and axis I have never seen. It is probable 
that they do not differ materially from the bones of Myctodactylus, 
as already described by me in a previous paper. The third cervical 
Is the longest, the others successively decreasing in length. The 
first and second dorsal are short, and bear well developed, double- 
headed ribs. The difference between the last cervical and first 
dorsal is considerable. The third, fourth and fifth dorsals, if my 
determination is correct, have the centra and ribs co-ossified for 
the support of the scapula. The succeeding vertebre are short, 
Cylindrical bones, with a hemispherical ball, and with elongated 
transverse processes situated high upon the arch. The number is 
indefinite. 

Fourth cervical vertebra. 

The centrum is elongated. The ball is much broader than high, 
and strongly convex in both directions; its upper border is convex, 
but the inferior margin is emarginate on each side. On each side 
there is a stout process, jutting downwards and backwards from the 
Side of the centrum on each side, having on the posterior surface 
4 concave articular facet, oval in shape and touching or slightly 

Separated from the articular surface of the ball. The facet looks 
downwards, backwards, and outwards. The under side of the cen- 
trum, between the two processes, is concave. The corresponding 
articular facets on the anterior end of the centrum are somewhat 
Smaller, are convex and distinctly separated from the concavity of 
the centrum. The articulation of the centra with each other thus 
depends upon three distinct, or nearly distinct surfaces, the lateral 
inferior ones convex on the cup end, concave on the ball end. 
Such a mode of articulation would seem to limit the motion to one 
in a vertical, antero-posterior plane, while greatly strengthening 
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the joints. I know of no similar arrangement in any other verte- 
brate animal, and will, for convenience, call the articulations 

exapophyses. The anterior zygapophyses project distinctly beyond 

the plane of the cup and are widely separated from each other. 
From the tip of the processes a ridge runs downward and inward 
to the outer part of the pre-exapophyses. The post-zygapophyses 
are concave and oblique. Above them there is a stout metapophy- 

sis. The spine is elongate and thin, and apparently only a ridge. 

The third cervical is somewhat longer and has a distinct tuber- 
cular hypopophysis on the anterior end, near the margin of the 

cup. The sixth and seventh are shorter, and the spine is directed 

more backwardly and is a little longer. 

First dorsal vertebra. 

The centrum is short and broad, so different from the preceding 

vertebrae that it is possible there is an intervening one omitted. 

The ball is more than four times as broad as high, concave on the 

upper side, convex below. The post-exapophyses are large and 
confluent with the articular surface of the ball, but are concave. 

The convex pre-exapophyses, at the outer sides of the cup, are at 

the base of the lower root of the elongated transverse process. 

The ventral surface of the centrum is flattened transversely. 

Near the margin of the cup there is a small, but prominent, bifid 

tubercle, projecting cephalad and ventrad. The transverse process 

is elongate, and compressed cephalo-caudad. It is incomplete, 

but, if of the same structure as in Wyctodactylus, it bears both 
articular facets for the rib. Its lower root arises from the sides of 

the centrum, having at its base the pre-exapophysis. The upper root 

arises from the sides of the pre-zygapophyses. ‘The latter are oval in 

shape, with the faces looking upward and inward; they are remote 

from each other. The spine is broad and short, with its upper 

extremity bifid and thickened. The neural canal is of large size. 

An imperfect vertebra, evidently following the one described 

above, has the centrum very similar, save that it is broader and 

shorter, and the hypopophysis is hardly perceptible. The trans- 

verse processes are broken off. The zygapophyses are stouter, but 

more approximated, and the spine appears to be less stout. 

The next three succeeding vertebra are evidently those co-ossified 

to support the scapula. The centra are firmly co-ossified, showing 

only a ridge between them. The cup anteriorly has the exapophy- 

ses laterally, from which arise the stout inferior root of the trans- 

verse processes. The upper root, which is broader, arises as in 

the preceding, its anterior border continuous with the zygapophy- 6 P 
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Ses. The process is very broad, elongated and stout, and evidently 

represents the co-ossified rib. There is a round foramen between 

the two roots. It is probable that each of the vertebra has a simi- j 
lar co-ossified rib on each side, but only that of the anterior one is 1 | 

preserved, 

In another specimen, the co-ossified neural spines, or, as I believe 

them to be, the ossified supraspinous ligaments or cartilages are 
united to form a stout vertical plate of bone, which bears on each 
side an oval articular facet for union with the end of the scapula. | 

Measurements of cervical vertebrae, Ornithostoma sp. (No. 2211). 
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' sternum of Crnithostema species, one half natural size, 
1 Sternum. 

The sternum is not preserved in any of the specimens of Q. 

mgens 1n the museum, but is represented in a skeleton of a closely 

allied, smaller species. It is extremely thin and pentagonal in out- 

f line. Projecting in front of the articulations for the coracoids is a 
stout process, obtusely pointed, and evidently directed somewhat 

He ventrally in life. The articular facets look dorsad and laterad and 
tk are gently convex from side to side and concave antero- posteriorly. 

, Just back of the articulations the moderately thickened borders 
Ue slope obliquely backward to the full width of the bone. The first 
i articular facet for the ribs begins at the angles and runs backward 
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ahalf inch. It is of considerable thickness, and may be for the 
attachment of the stout co-ossified rib attached to the first of the 

consolidated dorsal vertebra. The lateral margins of the sternum, 

back of the angle, are thin, and have three emarginations, separat- 

ing four articular projections. The three posterior ones are small 
and pointed, and could have given attachment to only slender ribs. 

The lateral borders are parallel with the longitudinal axis of the 
bone. The posterior border is not preserved, but from the gen- 
eral resemblance to the bone in Myetodacty/us, | believe that it is 

nearly straight, although it may have been gently concave or 
convex. ‘The bone was in all probability concave above in life. 

Length of presternal projection in front of articulations. 44 mm. 
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Coraco-scapula. 

This bone is stout, U-shaped, with the coracoid arm distinctly 
longer than the scapular. The distal extremity of the scapula has 

a large oval facet placed obliquely to the long axis, and evidently 
also obliquely to the transverse axis of the body, indicating that 
the bone was directed not only outward and downward, but also 
more or less forward. The shaft in all the known specimens below 
the articulation is trihedral or flattened, but in life it was evidently 
round or oval in cross-section. On the lower part the width. is 

Sreater, due to a projection of the dorsal side before the glenoid 

articulation, for the attachment of muscles. ‘The glenoid articula- 
tion is deeply concave from above downward, convex from side to 

side and bounded both above and below by a prominent ridge, that 

On the inferior border being much stronger than the upper one. 

The surface is markedly oblique to the plane of the bone, doubtless 

in life directed outwardly and posteriorly in the oblique position of 
the bone that I have described. The surface is considerably 

Narrower from side to side below than above, and in this direction 

it is convex throughout. A rugose line, indicating the junction 

of the two bones, passes directly backward near the middle of the 

articular surface. At the bottom of the U, formed by the conjoined 

bone, there is a process arising from the scapula and reaching to 

the anterior surface of the coracoid, to which it is joined; it in- 
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closes a small, oval foramen just back of the middle of the glenoid 

surface. The diameter of the foramen is about twelve millime: 

ters. 

The shaft of the coracoid is flattened antero-posteriorly in all the 

specimens, though probably in life ovai. On its proximal half 

there is a prominent process on the inferior border for muscular 

attachment. From beyond the middle the sides of the bone are 

parallel. The sternal articulation is gently concave in one direc- 

tion and slightly convex in the other, to agree with that of the 

sternum, forming a reciprocal joint, which must have had consider- 

able mobility. A little above the sternal end, on the posterior 

side, there is a narrow rugosity, more than an inch in length, for 

muscular attachment. 

The side to which a given bone belongs may be determined by 

holding the bone with the sternal end toward one and the glenoid 

articular surface looking obliquely upward; the scapular end will 

then be directed to its proper side. 

The bones have a close resemblance to those figured by Seeley 

in Ornithochetrus (Ann. Mag. Nat. Hist., 1891, 441.) Aba 

vertebra and sternum in this figure are, however, undoubtedly 

wrong. The ball of the centrum in this region does not have so 

much of the horseshoe shape, but is transverse, and undoubtedly 

the ribs are here stout and anchylosed to the centrum, 
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Distance between scapular and sternal articulations..170 

Greatest diameter suprascapular articular surface..... 25 

Humerus. 

The humerus is the stoutest bone of the body. Its proximal ar- 

ticulation, for union with the glenoid, is concave from side to side, 

convex in the other direction, with its width much greater on the 

ulnar side. Beginning at the head, the radial border slopes out- 

wardly with a gentle concavity, into a broad, rounded process. 

This process, the radial or deltoid, has its convex, rounded extrem- 

ity directed obliquely forward and upward or outward; the broad 

surface for muscular attachment, about two inches in length and 

one in breadth, is directed almost opposite to that of the glenoid 
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articulation. It is hardly possible that the process gives attach- 
ment to any shoulder muscle; certainly its chief use can not be for 
a deltoid muscle, and the name deltoid as applied to it is, I believe, 
improper. Below the process the bone suddenly narrows to its 
least width, which is distinctly above the middle. From this con- 
tracted place the bone again widens gradually to the extremity. 

The ulnar border of the bone is nearly straight throughout. 

On the anterior ulnar side, immediately beyond the head, there 
is a large process, directed inferiorly and anteriorly, which is 
doubtless for the attachment of pectoral muscles, and may be 
known as the pectoral process. It does not extend so far as does 
the radial process, and is not so large; usually it is crushed flat to 

the shaft of the bone. 

At the distal extremity there is a large, oval, articular surface on 

the radial side, inclined anteriorly, for articulation with the radius. 
Back of this there are two articular surfaces, separated by a pit or 
depression. The anterior one, the smaller one, is seen from the 
anterior side, while the posterior is on the posterior side, concealed 
by a process at the distal extremity of the humerus, which is 
Strongly convex on the inferior margin, straight on the distal. 

Cdcrnendntnoy Sahohoatvanicr aul brkzheicnhoksy NG aia re MERGER ety a vay coy 
Greatest diameter proximal articular surface......... 50 
Greatest transverse diameter of same surface........ 30 
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Ulna. 

The ulna is the larger bone of the forearm, At the proximal end 
there are two concave articular surfaces, meeting each other in an 
angle, which is lodged in an excavation in the humerus. In life 
the ulna overlapped the radius to some extent when seen from in 
front. The bone is narrowed at the middle, expanding distally, 
More especially on the radial side. The distal extremity has two 
articular facets, of which the lower one is the larger. On its radial 
border the margin is expanded for about an inch and a half above 
the articulation, and is roughened. Near the distal end, between 
the two articular facets, there is a large pneumatic foramen. 

1951. 2217, 1960. 
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Radius. 

The radius is a much more slender bone than the ulna, its ex- 

tremities not as much dilated. In a specimen compressed laterally 

the proximal end shows a deep pully-like articulation, divided by 

a ridge in the middle. At the distal extremity it is more expanded 

than proximally, with a single articular facet, and an expanded, 

non-articular radial margin. 
1951. 2217, 
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Carpus. 

The carpus has three bones. By reason of the constant com- 

pression and distortion to which they are subjected, it is difficult to 

recognizably describe them. The proximal bone is the largest, 

and has two facets on the proximal surface for articulation with 

radius and ulna. The lateral carpal, the smallest, is sub-triangu- 

lar or sub-quadrangular in shape, with an oval or rounded facet on 

the proximal end, and another, smaller, near the distal end, form- 
a 

ing an emargination on the border. A good figure of this bone is 

3. ‘*Professor Marsh finds given by Cope. Cret. Vert., p. vil, fig. 

the carpus to have the same structure in the toothless Ornithosaurs 

from Kansas (as in Ornithocheirus) and discussed it fully in April, 

1882 (Am. Jour. Sci.), though without mentioning memoirs in 

which the structure has been figured, and from which the interpre- 

tation appears to have been taken.’’* 

Measurements: 

Greatest diameter of proximal carpal, as compressed..75 mm. 

Greatest diameter oflatenalicar pal iit visas wn taco cat 

Metacarpals. 

The first metacarpal or Pteroid, has a proximal expansion and 

articular surface, for union apparently with the distal articular 

surface of the iateral carpal. It terminates ina free, pointed distal 

end. One or two small ossicles, oval in shape, are found with the 

carpal bones. They are probably sesamoid bones. ‘The three fol- 

lowing metacarpals are slender splint bones about one-third of 

the length of the wing metacarpal. Professor Marsh has des- 

cribed the second as being thread-like proximally. They all ter- 

minate in an expanded end, which is curved outward and has 

a rounded articular surface for the phalanges. The phalanges 
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of these fingers are of two kinds. The proximal ones are elon- 
gate, with a contracted shaft, about an inch and a quarter in 
length, with the proximal end concave and the distal convex with 
a median depression. ‘The others are but little longer than broad, 
with similar articular surfaces. The ungual phalanges are broad, 
and strongly curved, terminating in a sharp point, and much re 
sembling the claws of carnivores. The proximal end has the artic- 
ular surface on the upper half only. 

The fifth metacarpal is much broader at the base, gradually 
diminishing in size to near the distal extremity, where the bone 
must have been subcylindrical in section with the under surface 
flattened or grooved. Proximally the bone appears to have had a 
gentle convexity on the proximal end and a corresponding concav- 
ity on the under side. The articular surface for the carpal is 
large, with the dorsal border somewhat produced for muscular in- 
Sertion. The distal extremity is placed somewhat obliquely to the 
Shaft, being directed downward and forwards. The articulation is 
a very complete pulley-shaped mass, permitting motion through 
nearly half a circle. The posterior condyle extends through more 
than three-fifths of a circle, with its lower border directed forward 
and projecting beyond the anterior surface of the shaft, permitting 
the corresponding articulation of the first phalange to overlap the 
shaft to a considerable extent. The anterior condyle extends 
through a lesser are and does not project beyond the surface of the 
bone, the corresponding articulation of the phalange being shorter. 

The articular surface is deeply grooved, the groove being before 
the middle, the broader surface belonging to the posterior condyle. 
The inferior surface of the shaft distally is concave, and behind the 
Proximal ends of the articular surfaces there isa pneumatic for 
amen, 

Measurements of wing metacarpal: 
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Wadthnat promimeal "endive hei iia 98 70 70 70 
Diameter of shaft before condyle.. 32 30 28 32 
Diameter of anterior condyle..... 36 35 BA HO 

First Phalange. 

The first phalange of the wing-finger is the longest bone in the 
body.. On the proximal end the shaft is expanded, but beyond the 
Proximal fifth the sides of the bone are nearly parallel and straight 
to near the tip, where the whole bone is bent downward. The 

Proximal articular surface is deeply concave in ontline, the chord 
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of the concavity being at about 45° to the shaft of the bone. The 

two articular surfaces are gently concave and oblique, the posterior 

elongate oval in shape and extending to the inferior produced por- 

tion of the bone, which overlaps the inferior part of the shaft of 

the metacarpal when fully flexed. The anterior articular surface 

is narrower and situated more dorsally. The two surfaces are 

placed obliquely on the shaft, corresponding to the obliquity of the 

head of the metacarpal. The upper border of the, bone has a 

prominent tuberosity on the beak, separated by an oblique notch 

from the thickened upper border of the bone. The notch is doubt- 

less for the insertion of muscles. The distal end of the bone is 

curved downwards, the inferior border of the articulation reaching 

about a half an inch below the lower border of the shaft. The ar 

ticulation is at right angles to the shaft of the bone with the upper 

angle broadly rounded. Doubtless in life the surface was oval in 

shape and like the two following bones. 

Measurements: 

Vent ee ui an EM ROH ub OO da tO Oni Ui 

Breadth at.proximal extremity...) 6. 07 65 65 

BCA UH OL Sia ty suieie Gall Gy) Melluitani rey ming aC 27 24 

Diatneter anterior condyle wi iiss eee. 35 35 34 

A partial description of the ‘pelvis and leg has been given in a 

previous paper in this journal,* to which the reader is referred. 

Second-fourth wing phalanges. 

The second and third wing phalanges can not be distinguished 

from each other, save by size; nor can the side to which they be- 

long be determined in the crushed specimens. They are most 

dilated on the proximal end, the sides narrowing to near the prox- 

imal third of the bone, whence they are nearly parallel or gently 

divergent to near the distal extremity. The proximal articular 

surface is concave and transverse to the long axis of the bone. 

This surface reaches quite to the inferior border of the bone, which 

is here curved downward. ‘The upper border, for a short distance, 

is flattened and convex, with a roughened surface on the proximal 

end for muscular and ligamentous attachments. The terminal pha- 

lanx is curved throughout, ending in a free styloid extremity.. In 

some of the smaller species this bone is straight. 
1951 2205 

Length second: phalangée. iii. vei din 500 485 MM, 

Width prOnimalven di iii vawwia Micon iene ago 46 

Weel CSE SHED Pu cee aN ILL ey el iat alae ine 30 

WACKEHS my SIVA t nears hala ty imine ie TR MBIA Nelda iad 20 

Ienothithind: Dialeme ei) Mia yee pine BBO 

Width proxitnal end iw ee mies wenn 932 

Waibiahed he jopumabtchre-ilMicsnnkd WA MPA OI ARIiCa Ane Jie Ney gS 

WiaiGlth Gis etn ct ie ini te 13 

Length fourth phalange (chord).............. 170 

Width: poomiial semi eMac wiy air we NN, 20 

*Kan. Univ. Quar., if, 79. 
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Femur. 

The head of the femur is nearly 

hemispherical, supported upon a 

cylindrical neck, placed at only 

a slight angle with the long axis of 

\the bone. The trochanter is low 

and obtuse, situated at the top 

ge) hae of the long axis of the shaft. The 
x Oe Thea 

shaft is of nearly equal width 

throughout, with a strong anterior 

curvature. From alittle below the trochanter, the 

outer border of the shaft is markedly concave, the 

inner correspondingly convex. The distal articu- 
lation is broad, with two, shallow, trochlear 

grooves, separated by a median convexity or ridge. 
It permits only a moderate amount of flexion with 
the tibia, less than 45° from a straight line. In 
the popliteal depression there is a small pneumatic 
opening. 

Tibia. 

The tibia is a slender bone, gradually decreasing 

in width from the proximal end to near the distal 
articulation; the front border is straight, the pos- 
teriur gently concave. The proximal articular 
surface is at right angles to the long axis of the 

bone, and is broadest transversly on the posterior 
part. On the outer surface, about fifty mm. below 
the end of the bone, is a roughened tubercle about 

one half inch in length, for muscular attachment. 

The distal extremity, representing, I suppose, the 
co-ossified proximal row of the tarsus, forms a 
pulley-like mass, the articulation extending through 

nearly three-fourths of a circle, moderately deeply 
grooved in the middle. On the inner side, just 

above the articular border anteriorly, there is a 

well-marked tubercle for ligamentous or muscular 

attachment. 

Tarsus. 

There are but two tarsal bones, irregular in shape 

and flattened. They lie side by side, and are not 

at all superimposed. Their greatest and least 

IV diameters are respectively, 20 and 6, and 20'and 7 
Leg of Ornithostoma tye ; 

ingens, one-fifth na- millimeters, 
tural size. 
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Foot 

The first four metatarsals are very slender, straight and contigu- 

ous with each other, each having a flattened proximal articular 

surface and a rounded trochlear distal extremity. The metacarpal 

of the fifth toe is rudimentary, sub-triangular in shape, with the 

obtusely pointed distal part curved, altogether resembling an 

obtuse claw. 

The first toe has a single phalange, which is long, cylindrical, 

gently curved and obtusely pointed. 

The second toeihas two phalanges, the first of which 1s elongate 

and grooved with a distal trochlear articulation. The second re 

sémbles that of the first toe, but is shorter. 

The third toe has four phalanges, the proximal one of which is 

like that of the second ‘toe, but “is elongate; the second is broader 

than long; the third is like the first, but shorter; the fourth is a 

short, scarcely curved and obtusely pointed claw. 

The fourth toehas five phalanges, of which the first, fourth and 

fifth resemble the first, third and fourth of the third toe, the second 

and third the second of the same toe. 

The fifth toe has no phalanges. 

Measurements of leg bones 

esr quiet iichaleA dae ae Re nT Oye Aldean God lei an Me ac WR Ge Ao yas onaiinh 

Femur, diameter of head... yee ee ee ee 20 

re prtin (CHAISE OT VOT NGC Kis ceria coy Mitek ilrelp trial ecu ha Ty 

Femur, width of condyles below............+.++ 110s 30 

Petatine width, Of SHALE Crys cae ied aiieris Wincr ¢3) 21m 

aes ET, La Rees Ray Wee aed nnd OS Cate 

Tibia, diameter of proximal end.......... 66. se dees 34 

Tibia, diameter of shaft at middle..... Bic ist die clapmatieten MONG) 

Tibia, diameter of shaft above trochlea............. 16 

Tibia, greatest diameter outer condyle of trochlea.... 20 

Metacarpalylength of firsts... 0%. ve vee ele oe ya TOD 

Metacarpal, length of sécond. 6.0. es ye ha LOS 

Meétacarpal, length of thirds i it gens mde ain OS 

Metacarpal, length of fourth y 0c be eee gins 80 

Metacarpali lene th OP i ti se seis Wein cny yo tie yd ay Bie 

Metacarpal, width of same at Jina tee tras NE ENG etre ARIA den aba 

Phalanges, first digit, length of HOMIE Minne snr mumad 

Phalanges, second digit, length of UO RAIDEN Efe AAy SSeG 

Phalanges, ne Ho Teme OKOMSECOMGL ni telus. tate a 

Phalanges, third digit, length of LOMITA irda i redranas and 
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Pialangesy third digit length or secontiny sci yy) ae mm. Soy 5 5 4 

Phalanges, ‘“ Ebi eaneed aGdohmameln bk qal sie uve MMi ir csariAMln akua, Sy, o oS Y 

Phalanges, ‘‘ Gh sali cha vedtel buvopeman koh ith lao Marana tes A aaMNe Aas ie toy ’ t 

Phalanges, fourth digit, length of proximal.......... 40 
Phalanges, ‘‘ Ho HEN STM Ol SRCO Metin ace ca ht ule 
Phalanges,  ‘ SS SOLE IVerttty, On wot ie Chaikin sen iiaAMil vite gene ini 34 § 3 

Phalanges, ‘: eC Nemeth oop Out tien at 'alye aewoee taunt es 

Phalanges, eee shat snl binouasanGl aaa ee aNeH ty MeN I Ry oh sabi" 

Summary of Charactzrs, Ornith7stoma. 

Head much clongated, the jaws slender, pointed and wholly 

wanting in teeth. External nares and ante-orbital vacuities united; 

supratemporal fossa of large size; occipital crest elongated. Neck 

elongated, non-costiferous, with exapophysial articulations, and 
rudimentary spines. ‘Three anterior dorsal vertebra co-ossified and 
bearing a supraneural plate for articulation with scapula. Poster- 

ior dorsal vertebrae decreasing in size, procoelous, the trensverse 
processes situated high up. Sacrum composed of six or seven ver- 
tebra, the anterior ones with long transverse processes, the poster- 

ior three sessile. Tail short, small, the vertebrae without transverse 
precesses and amphiplatyan. Anterior ribs strong, double headed, 
those of the co-ossified vertebre anchyloned to vertebra. Pos- 
terior ribs weak, single headed; adbominal ribs present. Coracoid 

and scapula united, the latter articulating with supra-neural facet, 
the latter with the sternum; a scapular foramen present. Sternum 
pentagonal in outline, with stout anterior projection; the sides with 

four costal articulations. Ilium with an elongated anterior projec- 

tion; pubés free, band-like, co-ossified, with anterior articular 

projection, the bone attached to tuberosities on the anterior border 

of the ischia. Ischia broad, uniting in a symphysis posteriorly, 

with ‘‘thyroid” foramen, below acetabulum. Bones of the forearm 

longer than the humerus, and shorter than wing metacarpal.  Car- 

pus composed of three bones, in two rows; median phalanges of 

second, third and fourth fingers short; four phalanges in the pa- 

tagium, the terminal one curved or straight. Femur curved, 

trochanter small; tibia longer than the femur, with trochlear artic- 

ulation below; fibula wholly wanting; tarsus with two bones only, 

ina single row; four functional toes, elongate, slender, the fifth 

consisting of a rudimentary metatarsal; middle phalanges of third 

and fourth toes very short; first and second without true claws. 
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Notice of Some Vertebrate Remains from 
the Kansas Permian. 

Be Wi WHR SS Ns 

Some months ago numerous fragments of bones, obtained from 
an excavation of a well in Cowley county, were sent me for exami- 
nation by Mr. C. N. Gould. The horizon whence the bones came 
is clearly lower Permian, not far from its base, as accepted by 
Professor Prosser, the recognized authority on the Kansas Permian 
Stratigraphy. 

Not knowing whether additional material will be obtainable I 
give here a description of some of these bones, which will be more 
fully illustrated in the future, should no better specimens be 
secured. 

An intercentrum clearly belongs to the genus Cricofus, and is 

closely allied to the typical species described by Cope from the 
Permian of Illinois.* His description applies so well to the spec- 
imen in hand that I use his language, amended: 

“The caudal intercentrum best preserved is short, discoidal in 
form and deeper than wide. The articular faces are deeply con- 
cave, the posterior more strongly so, and the middle is occupied by 
a foramen, whose diameter is about equal to one-half that of the 
intercentrum on either side. The lateral borders of the posterior 
articular face are less rounded than the anterior ones. The chev- 
rons are slender and directed very obliquely backward, their bases 
are firmly co-ossified with the intercentrum. On the superior sur- 
face two shallow pits occupy considerable space. They are sepa- 
rated by an obtuse ridge, and are bordered by a raised ridge from 
the polished layer of the lateral surface.” 

“Several phalanges of short, wide proportions show much resem- 
blance to those of certain dinosaurs.” 

Diameter of intercentum, vertroala. 00s... c uw Ns TOE 

Diameter of intercentrum, transverse:.............. 17 
Diameter of intercentrum, longitudinal.............. 11 

*Proc, Phil, Acad. Nat. Sci , 1875, p. 405. 

(53) KAN. UNIV, QUAR,, VOL, VI., JAN, 1897, SERIES A, 
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Proximal width of phalanges............12 12 weet amnpanl 

Proximal depth of phalanges. . ........ 8 7 6 | 

Length of phalanges. iy. ci ee Td 15 U1 | 
| 

Fig. 2. Phalange. Fig. 3. Tooth 
of Oricotus. Both enlarged. 

i 4 cp ae 
Fig. 1. Fragmentof jaw of ¢ ricolus sp enlarged 

two diameters. 

j Another vertebra, of smaller size, doubtless represents a true 

if centrum (see Cope. Trans. Amer. Phil. Soc., Xvi, poaday! Lt dite 

fers very materially in having remote satural surfaces for the 

| attachment of the neural arches, in being somewhat cordate in 

shape and in showing no surfaces for articulation of the chevrons. 

The ends are concave as in the intercentrum, and the notochordal 

foramen is of the same relative size. The anterior lips of the cup 

are more beveled than the posterior ones. The outer surface is : 

concave longitudinally with an obtuse keel below. The posterior 

sutural surface for the arch is much larger than the anterior. There 

are no longitudinal ridges on the sides of the centrum, as shown 

in the figures of C. crassidiscus Cope (labeled C. heteroclitus by 

| Zittel). The floor of the neural canal is flat. 

Tf Transverse diameter of centrum...:.....+-s0ee..4...15 tam. 

1 Vertical diameter of centrum. 1.0 ces eee ee ee 1G 

a Lecmgehs Of COMUNE wee Nai La yet 

| WUC OF NEUTAl SUILTACE vias i eo Pate da ony utcmuinrin’e Shad ened 

ii Numerous portions of sculptured scutes and plates and a frag- 

ment of a jaw with one complete tooth I doubt not belong with the 

The outer side of the jaw fragments is shown in the 
vertebra. 

aphic illustration, together with the tooth 
accompanying photogr 

and a phalange; they are all enlarged. 

of the base of the tooth I have made, with the aid of a camera 

It would be of interest to 

From a microscopic section 

lucida, the accompanying drawing, 

know how nearly the figure resembles that of the other known q 

species. 

None of the characters are sufficient to distinguish the species 

from the other described ones, especially C. heteroclitus Cope. 
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A single dorsal vertebra, and, perhaps, some phalanges, belong oD oD on] 

clearly in the genus C/epsydrops Cope, also originally described 

Fig. 4. Section of tooth, Cricotus. 

from Illinois, and are closely allied to the typical species. In its 

description I follow Cope’s language in the paper first cited for a 

dorsal centrum: ‘It is deeply bi-concave, the articular cavities be- 
‘ ing funnel-shaped and continuous, thus perforating the entire length 

of the centrum. * * The cavities communicate by a very small 
orifice. In an anterior dorsal the anterior cavity is as widely ex- 
cavated at the border as the posterior funnel. Another peculiarity 
is the absence of processes of the centrum, and a small capitular 
articulation is seen sessile on the border of the cup of two of the 
dorsals. The dorsal vertebre have their sides somewhat con- 
tracted; in one specimen the inferior face is longitudinally acute. 
In this dorsal the floor of the neural canal is interrupted by a deep 
fissure; which has a triangular shape with the apex downward, 

when seen in profile. The diapophysis does not project far beyond 
the base of the neural arch.” It is sessile with an elongated cup- 

j ped articular surface. 

i The phalanges are of more slender form than those of Crécotus 
The shaft is depressed and the distal condyle is not emarginate. 

| UR caolheatelab, (eij(ed= all ielbbin gE diy cena usar yu TRAY, Hut ly aire sup nL 14 mm. 
i WOES olan orc d anima nth estoy Aiea tt Mints Ho SUI a avin Cana Aa Us heat aka ale 

| NAUStali dnt (Joy lolcats AMMA aS ethan MM oa M SS Dene Panu 

IEA pel atavaxon dy okay Nicholle so ik anate Bene Magy cto IG oie Meas 

DAcholdabs soho gkont: Hh A UmANSe Weae RUG eR My yar a RRRectiigy mk 

AWANGh aN gopgop.abahl Uke Ma danni ne Moan gars Ag ANERCR RS Reed 
aq 

" 
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As will be seen, the centrum, while nearly the same size as that 

measured by Cope of C. col/ettii (second column), are of somewhat 

different proportions, but not sufficiently so to justify specific sep- 

aration. 

Associated with these remains are numerous teeth and spines of 

Pleuracanthus (Didymodus ?) and plates of a ganoid fish. 

Altogether we have here an interesting series of forms, so closely 

resembling the species described by Cope from Dansville, Illinois, 

that I cannot distinguish them specifically. It would seem to 

demonstrate the contemporaneity of the two formations, as also 

that of the Texas Permian, whence species of all these genera have 

been described by Cope. 

Above the stratum in which these bones are found are several 

hundred feet of limestone and shales, above which come the red 

beds of Clark and Comanche counties, which have been variously 

referred to the Permian and Trias. That this basal Permian fauna 

continued throughout all the time represented by eight hundred or 

a thousand feet of deposits does not seem probable to me, and I 

believe yet more strongly, what I always have believed, that the 

red beds of Kansas are Triassic in age. If they be Triassic, and 

corresponding to the red outcrops of the foot-hills in Colorado, it 

would seem strange that the intervening deposits between them 

and the Dakota, in the regions separated by only a few hundred 

miles, and agreeing in many lithological characters, should be in 

one case Cretaceous and in the other Jurassic. 
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A New Plesiosaur from the Kansas 

Comanche Cretaceous. 

BY Sy) Wie WILLIS PON, 

Plesiosaurus Gouldii n. sp, 

Several nearly complete dorsal vertebre from the Comanche 

shales of Clark county, Kansas, represent a hitherto undescribed 
species of a Plesiosaurid, differing very distinctly from P. Mudgii 
Cragin in its much larger size and the shape of the centrum. It 
is probable that the cervical vertebra described and figured by 
me in this journal, vol. ili, p. 2, belongs with the same ora 
closely allied species. 

The dorsal vertebrw are markedly characterized by the peculiarly 
cordate form of the centrum, The anterior face is rather deeply 
concave, for this part of the column; clearly cordate in outline, 
with a small emargination above. The anterior zygapophyses are 
spout-like, the notch between them not extending further than the 
middle of the articular surfaces. The spine is short and small. 
The transverse processes are compressed, springing in part from 
the centrum, in part from the base of the pedicles. The body is 
compressed in the middle, forming an obtusely rounded surface 
below. About midway on the sides, below the lower root of the 
transverse process, the side is pinched in, with a small vascular 
foramen at the bottom of the depression. 

WivGholdlae Xonis chahicyp lone caukdly Yon forciahnubanl: | pa wet a ah. Oauy a4 ssl ile Lop Sn nhoel 
WOtuleal, die itetens (6 aiierc ein Gist tie kas die een unmen gain nr 

ialnainlan(oniret cima uaantlse) SUL emer ra iu ONS Gite WINGHOR I 
Hralkchi ala miropemmol sani rig. hanl bs) sce MEO A etait ainsi. uy gu ee NW Ur Tuonbe ania) Ah 

= oe ee eS 

ti) 

IDrqynl-golcycleanietalichoyoy ol ahié\i-Wig MOM PRIN Man iatn Mu aNneh il aah iy fe 
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Table for the Calculation of Analyses. 

BY EDWARD BARTOW 

This table was compiled for use in the chemical laboratory of 
the University of Kansas, using the atomic weights taken from, 
“A Recalculation of the Atomic Weights,” 

7, page 364, Revised Edition, 189 
Collection’? No. 1075; 
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Found. Sought. Factor. Logarithm. 
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Editorial Notes. 

Within recent years there has been no field of geology which has produced more 

abundant and fruitful results than that of glaciology. So many able workers have 

cultivated it that it has become difficult for any save the specialist to keep pace 

with the developments, and every teacher of geology has felt the great need of 

some work of moderate size, for his own information or for placing in the hands 

of his pupils for collateral reading. Such a work, by Prof. I. C. Russell,* has just 

appeared, and teachers of Geology, will heartily welcome it. In his ‘‘ Glaciers of 

North America” is given a sufficiently full discussion of the science of glaciers in 

general, their origin, flow, physical features, effects their bearings on climate, 

etc., together with a detailed description of the North American glaciers, big and 

little. The work is clear, it is interesting, it is most admirably illustrated and 

the author's reputation as a geologist is a sufficient guarantee of its accuracy, No 

continent offers better material for the study of glaciers than does our own, and 

now their science is put into an available shape for both teacher and student. 

S. W. W. 

During the past year there have appeared three most excellent works in general 

entomology. All are indispensable, supplying, as they do, the different needs of 

the student. The first and most pretentious of these is by Dr. D. Sharp in the 

‘Cambridge Natural History.’ Dr. Sharp's extraordinary acquaintance with the 

literature of insects, as editor of the Zoological Record, has given him the ability 

to produce a most excellent and readable work of general reference for the library. 

The ‘‘ Manual for the Study of Insects,”’ by Prof. ]. H. Comstock is a text book 

for use in colleges and universities where systematic and structural entomology 
are pursued, and in these fields it is unequalled. For the first time it permits the 

student to ascertain to which families the insects that he studies belong. The 

figures, by Mrs. Comstock, are nearly all new, a feature that is welcome, and, best 

of all, they are very accurate and clear. 

The third work, ‘‘Economic Entomology,” by Prof. J. B. Smith, while not as 

extensive as Prof. Comstock’s work, is one that is most heartily welcome. It has 

no rival in its own field, that of applied entomology and is also an excellent 

adjunct in systematic entomology. Prof, Smith's long experience in both economic 

and systematic entomology has well fitted him for the task be undertook, and he is 

to be congratulated upon the success with which he has accomplished it. S.W. W. 

*Glaciers of North America, A Reading lesson for students of Geography and Geolo- 
gy, Ginn & Co,, 1897, 
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Types of Projective Transformations in the 
Plane and in Space. 

BY, ely Be INEWiSOING 

With Plate I. 

The object of this paper is to determine the different types of 

projective transformations in space and to classify them according 

to their invariant figures. In order to do this it will be necessary 

to summarize the results already known for one and two dimen- 

sions, and to state the principles which will be used in the develop- 

ment of the method here employed. 

$1. Types of Projective Transformations in one Dimension. 

The one dimensional transformations* which we shall have occa- 

sion to make use of in this paper are the transformations of the 

range of points ona line, of the pencil of lines through a point, and 

the pencil of planes through a line. We know that there are just 

two types of projective transformations of a one dimensional form, 

viz: the kind that leaves invariant two distinct elements, either, 

real or imaginary; and the kind that leaves invariant two coincident 

elements. By elements of a one dimensional form are understood 

the points of a range, the rays of a flat pencil and the planes of an 

axial pencil. 

There are only two types of transformations of a one dimensional 

space. Type r leaves two distinct elements invariant; type LI leaves 

two coincident elements invariant. 

Much use will be made in this paper of the following theorem. 

*Throughout this paper the word transformation must always be understood to 

mean projective transformation, 

(68) KAN. UNIV. QUAR., VOL, VI, NO. 2, APRIL, 1897, SWRINS A. 
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A projective transformatfon which leaves invariant three elements 

of a one dimensional space is an identical transformation and leaves 

every element of the space invariant. (Lie: Continuierliche Grup- 

pen, S. 117.) Inthe case of a transformation of the second type 

leaving two coincident elements invariant one other invariant ele 

ment suffices to render the transformation identical. 

$2. Types of Projective Transformations in the Plane. 

A projective transformation of the plane is a self dualistic trans- 

formation in the sense that it is both a point to point and a line to 

line transformation, and hence every plane figure invariant under a 

projective transformation must be a self dualistic figure. This nec- 

essary condition will often enable us to determine whether any 

given plane figure can be the invariant figure of a projective trans- 

formation. 

‘very type of transformation in the plane is characterized by its 

invariant figure. We assume the well known theorem that the 

most general form of projective transformation in the plane leaves 

a triangle invariant. Proceeding from this fact it is easy to enu 

merate all the special forms of the invariant figure, and thus all the 

types of projective transformations inthe plane. We shall in this way 

determine five types (Fig. 1, Pl. I,) of transformations in the plane, 

of which type I is the kind of transformation whose invariant figure 

is a triangle. In this case the one dimensional transformations 

along the invariant sides and through the invariant vertices are all 

of the first kind leaving two elements invariant. 

If two vertices of the invariant triangle of type I coincide, then 

two sides must also coincide. The change isa self dualistic change 

and the modified figure is also a self dualistic figure. This is the 

invariant figure of type II. The one dimensional transformations 

of the range along AB and of the pencil through A are both of the 

first kind; those along b and through B are both of the second 

kind. 

If the two points A and B of the invariant figure of type II coin 
cide while the lines b and c do not coincide, the resulting figure is 

not self duatistic; the same is true if the two lines c and b coincide, 

but not the points A and B. Neither of the resulting figures is 

self dualistic, and hence there are no types of transformations in 

the plane characterized by these figures. But if A and B coincide 

and at the same time b and c, the change is self dualistic and also 

the modified figure. This gives us type III. The one dimensional 

transformation along the invariant line is of the second kind; so 

also is that of the pencil through the invariant point. 
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A projective transformation of the plane which leaves invariant 

four points of the plane, no three of which lie on a line, is an iden- 

tical transformation and leaves every point of the plane invariant. 

It may happen, however, that a third invariant point is situated on 

one of the sides of the invariant triangle of type I. In that case 

every point on this side is an invariant point, and hence every line 

through the opposite vertex is an invariant line. The resulting 

figure, which consists of all the points on a line c and all the lines 

through a point C not on the line c, is self dualistic. This is the 

invariant figure of a transformation of type IV, which is called a 

perspective transformation. The one dimensional transformations 

along all lines through C and in all pencils with vertices on c are 

of the first kind. 

A special case of the last figure is when the vertex of the inva- 

riant pencil is on the line c of invariant points. This special case 

is also obtained when we assume a third invariant point on the line 

c of the invariant: figure of type II; likewise when we assume an- 

other invariant point on the invariant line of the linear element of 

type ilI. The resulting figure is self dualistic and is the invariant 

ficure of a transformation of type V, which is called an Elation.* 

The one dimensional transformations along all invariant lines and 

in all invariant pencils are of the second kind, leaving one element 

invariant. 

This completes the list of types of projective transformations of 

the plane; for if we modify these invariant figures in all possible 

ways we can get no new self dualistic figures. 

There are five types of projective transformations tn the plane; each 

type ts characterized by one of the self dualistic invariant figures of 

Iie. I. 

Lie in Vorlesungen ueber Continuierliche Gruppen, pp. 65-6 and 

510-12, has determined all the types of projective transformations 

in the plane with the same results as given above. See also a 

paper by the writer in this Quarrerty Vol. IV, page 243-49. The 

method here employed is important because it lends itself immedi- 

ately to the determination of all types of projective transformations 

in space. 

$3. Types of Projective Transformations in Space. 

All projective transformations in space are self dualistic, for they 

transform points into points and planes into planes. Therefore the 

conditions of dualism employed in last section for determining 

*Lie: Vontinuierliche Gruppen, 5. 262. 



66 KANSAS UNIVERSITY QUARTERLY. 

types of projective transformations in the plane apply equally well 

to the determination of types in space. A projective transforma- 

tion in space leaves invariant certain points, lines and planes. | In 

an invariant plane the transformation is two dimensional and must 

be one of the five types enumerated above or an identical transfor- 

mation. Along an invariant line and in an invariant pencil of 

planes the transformation must be either of the first or second kind 

or identical. 

We know that the projective transformation of the most general 

kind in space leaves a tetrahedron invariant. From this starting 

point, by the aid of the principles just stated, it is easy to enumer- 

ate all the special forms of the invariant figure and hence all the 

types of projective transformations in space. We shall find in this 

way thirteen types (Fig. 2, Pl. 1), of which type I is characterized by 

the tetrahedron itself. The two dimensional transformations in the 

four invariant planes are all of the first kind leaving a triangle in- 

variant. The one dimensional transformations are all of the first 

kind leaving two elements invariant. 

If two vertices of the tetrahedron coincide, then two faces also 

coincide. The modified figure then consists of three invariant 

points, three invariant planes, three invariant lines in a plane and 

three invariant lines through a point. ‘The resulting figure is thus 

self dualistic and characterizes type II. The two dimensional 

transformation in the plane ABC is of the first kind leaving a tri- 

angle invariant; those in the planes ABI and ACI are both of the 

second kind. 

Let the vertices of the tetrahedron coincide two and two; i. e. let 

D coincide with A, and C with B. The resulting figure then con- 

sists of two points, two planes and three lines not lying in a plane. 

It is self dualistic in every respect and characterizes type III. The 

two dimensional transformations in the planes ABI and ABm are 

both of second kind. 

Next let three vertices of the tetrahedron coincide at A, then 

must three faces of the tetrahedron also coincide. The resulting 

figure characterizes type IV. It consists of two points, two planes, 

and two lines. ‘The two dimensional transformation in the plane 

ABI is of the second kind, that in the plane z is of the third kind. 

Finally let all four vertices and all four faces of the tetrahedron 

coincide. The single invariant point hes in the single invariant 

plane, and there is an invariant line in this plane through the inva- 

riant point. This is best seen if considered as a special case of 

type IV. If in type IV A be made to coincide with B, the plane 7 
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must coincide with the plane ABI; and also the line | must coincide 

with the line AB. The two dimensional transformation in the 

single invariant plane is of the third kind. This invariant figure 

characterizes type V, 

In the five preceding cases if any transformation leaves invariant 

the invariant figure and one other invariant point not in an inva- 

riant plane or one other invariant plane not through an invariant 

point, the transformation is an identical one, and every point, line 

and plane in space is invariant. But the transformation is not 

necessarily identical when an extra invariant point is found on an 

invariant line or in an invariant plane. 

If an extra invariant point is taken in one of the faces of the 

invariant tetrahedron of type I, but not on an invariant line, then 

all points in that face are invariant points and consequently all 

lines through the opposite vertex are invariant lines of the trans- 

formation. ‘The resulting invariant figure is self dualistic and 

characterizes type VI. The corresponding transformation is called 

a perspective transformation. The one dimensional transforma- 

tions along the invariant lines and in the invariant pencils of rays 

and of planes are all of the first kind leaving two elements inva- 

riant. 

Asa special case of the above the vertex of the bundle of invariant 

rays may lie in the plane of the invariant points. Such a figure is 

self dualistic and characterizes type VII. All the one dimensional 

transformations involved in it are of the second kind leaving one 

element invariant. The transformations of this type are called 

Elations in space. 

It should be remarked that these two types VI and VII are the 

only types of projective transformations in space that leave all the 

points of a plane invariant. This can be shown by examining all 

the possible forms of this kind to be derived from the first five 

types. If an extra invariant point be taken in one of the invariant 

planes of type I, the result is type VI. If an extra invariant point 

be taken in the plane ABC of type II, the result is type VII. If it 

be taken on either of the planes ABI or ACI, the result is type VI. 

If such a point be taken in either of the invariant planes of type 

III, the result is type VII. If such a point be taken in the inva- 

riant plane ABI of type IV, the result is type VII. But if taken in 

the plane x of type IV, the result is type VI. If such a point be 

taken in the invariant plane of type V, the result is type VII. In 

all these cases it is understood that the extra invariant point is not 

taken on an invariant line of the invariant plane. We have thus 
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exhausted the possibilities and have obtained only the two types 

Vivande Vall, 

Again, another set of special types may be found by taking an 

extra invariant point on one or more of the invariant lines of the 

first five types. 

If a transformation leave invariant a third point on one of the 

edges of the tetrahedron of type I, the one dimensional transforma- 

tion along that edge is identical and every point of the edge is 

invariant. The resulting figure characterizes type VIII. It con- 

sists of all points on the line AD, the points B and C, and all 

planes through the line BC. The two dimensional transformations 

in the planes BAD and CAD are both of the fourth kind; those in 

the other invariant planes are all of the first kind. 

If a third invariant point occur on the line BC of type II, then 

all points on that line are invariant and the resulting figure charac- 

terizes type IX. The two dimensional transformation in the plane 

ABC is of the fourth kind; the two dimensional transformations in 

the invariant planes through Al are all of the second kind. 

If an extra invariant point occur on the line BC of the invariant 

figure of type VIII, the resulting figure characterizes type X. The 

invariant figure consists of all points on two non-intersecting lines 

and of all lines joining two invariant points. The one dimensional 

transformations along the invariant lines are all of the first kind. 

The two dimensional transformations in the invariant planes are all 

perspective transformations. 

In the invariant figure of type II if an extra invariant point is 

found on the.line AB, the resulting figure characterizes type XI. 

The two dimensional transformation in the plane ABI is of the 

fourth kind; that in the plane z is of the third kind; that in every 

plane through AB is of the second kind. 

In the invariant figure of type III if an extra invariant point be 

taken on the line BC, then all points on that line are invariant and 

also all planes through the line of invariant points. The resulting 

figure, consisting of all points on a line and all planes through the 

line, characterizes type XII. The two'dimensional transformations 

in the invariant planes are all of the fifth kind. 

In the invariant figure of type 1V if an extra invariant point be 

taken on the line AB, all points on that line and also all planes 

through Al are invariant. The resulting figure characterizes type 

XIII. The two dimensional transformation in the plane ABI is of 

the fifth kind, while the two dimensional transformations in the 

planes through Al are all of the third kind. 



a7 

) NEWSON: PROJECTIVE TRANSFORMATIONS. 69 

This completes the list of thirteen types. The invariant figures 

characterizing the last six cases are all seen to be self dualistic. 

There is in every case an identical transformation along at least 

reader may verify that this list is complete by assuming in turn an 

: one invariant line and in one invariant pencil of planes. The 

| extra invariant point on each of the invariant lines of the first five 

N types. No new self dualistic figure will be found. 

There are thirteen types of projective transformations in space; each 

type ts characterized by one of the self dualistic figures of Fig. 2. 

The determination of these thirteen types of transformations is 

preliminary to the more extensive problem to determine all the 

continuous groups of projective transformations in space and to 

| classify them according to these thirteen types. The writer has 

completed the investigation of this problem for a majority of the 
o¢ 

thirteen types and will soon begin publishing the results. 
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ive Compound formed by the 

BY HAMILTON P. CADY. 

During the progress of some work on liquid anhydrous ammonia 

it became necessary to investigate its action on iodin. 

Several investigations on the action of dry ammonia gas upon 

iodin have been carried out from time to time with rather varying 

results. Bineau* measured the volume of dry ammonia gas ab 

sorbed by a weighed quantity of iodin and deduced the formula 

3 NH,, 21. The product was a brilliant dark blue liquid. Milton} 

however found a very much smaller absorption, which was not 

materially increased by cooling to —18°.' Raschig] made a third 

investigation in order to clear up these discrepancies, and found 

that the composition varied with the temperature. At 330 4 ne 

found the composition NH,I, at 20° (NH, gts; at © or GNHEL Digi ks 

AUTO PIN di iydligs kk es results were based not on analysis but 

upon the gain in weight when dry ammonia gas was passed over a 

weighed quantity of iodin. These are all non-explosive liquids, 

the last one gives up part of its ammonia when taken from the 

freezing mixture. 

Seamon§ obtained a non-explosive liquid, solidifying at oe nay 

ing the composition NH,I, by the action of ammonia gas upon 

the fact. that: iodim 1s soluble in 
iodin. G. Gorel| mentions 

given in Watts Dictionary, 
liquid ammonia but in the brief abstract 

SMECLS CUD) WiLiy olka aye pene nothing is said about the products 

found. 

It seemed probable that the action of liquid ammonia upon 

iodin would be practically the same as that of gaseous ammonia, 

and that the results would be an addition product. In order to 

test this conclusion the following experiments were then made: 

*Ann. Chim. phys. [8] 15, 80 

tAnn. Ohim. phys. | 

tA. 241, 258 

80. N, 44, 188. 

Prov. Roy. Soc. XX, 441. 
(71) KAN. UNIV. QUAR,, VOL, VI, NO. 2, APRIL, L897, SURIES A 
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A few grams of iodin were placed in the bottom of a vacuum 

jacketed test tube and liquid ammonia was then run in from the 

wrought iron cylinders in which it was purchased. The whole 

apparatus was at ordinary temperature, so of course considerable gas 

preceded the liquid. As soon as this gas came in contact with the 

iodin the latter melted and a portion of it even volatilized. The 

remainder dissolved in the liquid ammonia, forming a dense black 

solution. For every 4 or 5 grams of iodin used 25 to 30 cc. of 

ammonia was added. 

The solution was protected from water vapor by a chlorid of 

calcium tube filled with soda lime, and being surrounded by a 

vacuum of course the ammonia evaporated only very slowly. 

The color of the solution was at first a dense black through 

which light could not penetrate, in a few moments, however, it 

began to change to a yellowish green and in a short time an olive 

green, crystalline precipitate separated out leaving the liquid above 

almost clear and colorless. This precipitate was taken up on a 

perforated platinum spoon washed with liquid ammonia and 

quickly transferred to a platinum crucible lid and dried over sul 

furic acid in a desiccator. If the solution has been properly 

protected from water and the transfer has been made with sufficient 

rapidity the dried product is crystalline and has a beautiful olive 

green color, otherwise it generally melts to a black liquid and 

afterwards forms black amorphous solid. 

The olive green substance is violently explosive, although more 

stable than nitrogen iodid. It explodes at the slightest touch or 

on very slight rise in temperature, it does not, however, seem to 

be more unstable when in contact with wood and paper than it is 

with other substances. The dried compound is only slightly vola 

tile, much less so than iodin, and may be kept in desiccators for 

for several days but will generally explode in less than a week. It 

may be weighed together with the platinum lid upon which it was 

dried. It is soluble in ether, alcohol, and chloroform, in, each 

case with the evolution of gas. It.is insoluble in dilute hydro- 

chloric, sulfuric and nitric acid, but is slowly decomposed by 

them, generally exploding a few minutes after being placed in the 

liquid, and always doing so instantly if the acids are concentrated. 

It is dissolved by potassium iodid in solution, often with explosion, 

is decomposed and dissolved in very dilute hydrochloric acid and 

sulfurous acid or hydrogen sulfid, also by potasium hydroxid. In 

every case gas is evolved during the process of solution and in the 

majority of cases the experiment is interrupted by an explosion 
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violent enough to shatter the beaker and then in some case to blow 

a hole through the crucible hd. 

Two determinations of iodin were made by decomposing the 

substance with sulfurous acid in the presence of very dilute sul- 

furic acid, acidulating with nitric acid and precipitating with 

silver nitrate. 

No. I. 0.0817 grams substance gave 0.1076 grams Agl. 

No. Il. 0.16185 grams substance gave o. 1568 Agl. 

NO ie sie Al eB Der, Cents 

Nov ii beey da. OS per cent. 

Calculated rm (NH §),[==71.26 per cent., CNER Sl =7o. cor per 

cent., (NH,),1,—74.85 per cent. 

An atte mpt was then made to determine the ammonia by decom- 

same way, then making the solution posing the compound in 

hydroxid and distilling into known 
alkaline with potassium 

volume of deci-normal sulfuric acid and liberating the excess of 

acid. 

No. Ill gave 3.17 per cent. NH. 

No. IV gave 3.26 per cent. NH. 

Calculated for Ee 25.15 per cent. 

bove, gas is always given off when this com- 

pound is dissolve re An effort was made to collect and measure 

this gas but failed chiefly on account of the numerous explosions. 

About seven out of eight of the samples blew up before they 

After trying a great many different meth- 

to determine the nitrogen 

As has been said ¢ 

could be decomposed. 

ods of decomposing the body in order 

it was finally exploded over mercury, 
and failing in all of them, 

The products of the 
ane the volume of the gas was measured. 

were N, NH,I and: fy the latter united with the mercury. 

platinum cup with a hol- 
reaction 

The substance was weighed out on a littl 

low stem welded onto the bottom. An iron wire was then inserted 

and the whole introduced into a eudiometer partly 

sure nitrogen to act as acushion. 
into the stem 

filled with a measured quantity of ] 

A few cc. of pure electrolytic gas was then run in and the whole 

exploded. The electrolytic gas in its explosion set off the iodin 

compound and the gain in volume over that of the pure nitrogen 

was of course that portion of the nitrogen in the compound which 

did not combine with the hydrogen and iodin to form ammonia 

iodid. 

0.0869 grams of the compound gave 15.3 CC. nitrogen at 0" 760 

m. m.==22.12 per cent. N exclusive of what remained behind as 

ammonium iodid. 
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I NEWS N 

INO al 7S open Oe iit 

No. Il. (74,68 per cent. 

IVORY, ao 

NO wLV2 Chie) 

NOM Bowit 2 

Av. 74.51 Vipakm neon 2 

2.20 per cent. .NiLo=.57,.per cent) “Hl, 2:65 per cent), Nv > So-tlie 
. 3 ~ . 

body would have the following percentage composition: 

Calculated for HN,I. 

Be PANS a Le AGT © 

IN ean 77 IN aia a 

H Of H 159 

99.85 [090.00 

The compound HN,I would probably decompose in this way 

when treated with sulfurous acid: 

6 HN,I+3H, SO,+3H,O=2NH,1+4HI-+3H » ©0,+8N,, 

and this would yield 3.33 percent. of its weight of NH,, agreeing 

well with what was found. 

If the compound had been analyzed in the way that nearly all 

the nitrogen iodid compounds have been, by dissolving the moist 

substance in HCl and determining the ratio of NH, to I it would 

have given the ratio N to 3]. 

The molecular weight could not. be determined because the 

substance decomposed in all solvents, so it is impossible to say 

whether it is HN,I or a multiple. 

The reaction for the formation of this substance may be repre 

sented as follows: 

t1 NH,+-91==HN,I--8NH, I. 

No hydrogen is hberated during the reaction and ammonium 

iodid is found in the mother liquor, so the above reaction must be 

essentially correct. 

No corresponding reaction takes place with bromin and chlo 

rin. Ammonium bromid or chlorid and nitrogen are the only 

products. 

So we may conclude that the action of hquid ammonia upon 

iodin is not the same as that of gaseous ammonia and that in one 

case substitution products are found and in the other addition 

products. 

As to the constitution of the body nothing definite can be said at 

present. The formula 

q 
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HH—N roe . N-H I , , 

N N 

Suggests itself but is rather contradicted by the fact that NH, I, 
N, and HI are formed by the action of sulfurous acid and water 
upon it and not hydroazoic acid as would be expected. It might 
also have the formula 

H—N IN—H 
N=I—I=N 

N N 

But nothing is known which tends to favor this view. In fact it 

seems useless to speculate until some means can be found for 

determining its molecular weight. The intention is to continue this 

work in order to see whether by more extended study its structure 

can be made out. 

| 
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The Effect of Magnetism Upon the Spectral 
Lines of Sodium. 

BY HA, STG) DUNSTAN, (Mode ORICE, “AND Ci (Av) KRAUS, 

Dr. P. Zeeman (Phil. Mag. March, 1897,) has announced the 

discovery of an effect of magnetism upon radiation. Analyzing by 

means of a concave grating the light radiated from a sodium flame 

placed between the poles of an electromagnet, he finds that upon 

exciting the magnet, the spectral lines are very decidedly broad- 

ened. Upon cutting off the exciting current the lines regain their 

usual appearance. 

Zeeman also gives a number of other experiments which seem to 

show that the effect is not due simply to changes of pressure in the 

flame but is caused by a real influence of magnetism upon the radi- 

ations emitted. He considers his results to be confirmatory of the 

theory of Lorentz. * 

The discovery considered from a theoretical standpoint is one of 

great importance, in that it establishes another relation between 

Magnetism and light and is in accord with the electromagnetic 

theory. 

The subject, therefore, seemed to the writers to be worthy of 

quantitative investigation, and this paper is for the purpose of giv- 

ing an account of preliminary measurements of the phenomenon. 

METHOD. 

For the purpose of determining the breadths of the spectral lines 

and the distribution of light in the same. the. writers have used 

Michelson’s Interferometer, which succeeds precisely where the 
diffraction grating fails: i. e., in the analysis of a single line or 
Narrow group of lines. 

A full description of the instrument is given below. 

APPARATUS. 

The light under examination was that given off by a bunsen 
flame, colored by a piece of asbestos saturated with NaOH solution 

and wrapped around the top of the bunsen burner. 

Th La Theorie EKlectromagnotique de Maxwell. Leyde 1892. Versuch einer 
isk der electrischen und optischen Erscheinungen in bowegten Korpern.” Leiden 

(77) KAN. UNIV. QUAR., VOL. VI, NO. 2, APRIL, 1897, SERIBS A. 
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The flame was turned low, not over five centimetres in hight. 

The flame was placed between the poles of an electromagnet, A. 

By means of a screen, B, with a.75 cm. hole, light was used from 

that portion only of the flame which was just between the pole 

pieces. 

J 

Fig. 1. 

The general arrangement of the interferometer is shown in Fig. 

t. Light from the flame C is rendered slightly convergent by the 

collimating lens D and falls upon the semi-silvered surface E of a 

plane parallel glass F. Here the beam of light is divided, one 

part (approximately half) being transmitted to the mirror G, the 

other part reflected to the mirror H. After reflection at the mirrors 

G and H the two pencils reunite at the surface E; part of the first 

pencil being reflected and part of the second transmitted to the 

telescope K or to the unaided eye. 

The two plane parallel glasses F and L are set at an angle of 

45° with the mirrors G and H, and the distances of the two mirrors 

G and H from the semi-silvered surface E are at first made approx 

imately equal by turning the screw M. ‘The parallel glass L acts 
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as a compensator, so that the two pencils shall have traversed equal 

thicknesses of glass before reaching the eye. 

Under these conditions, after adjusting slightly the mirror G, the 

observer will see a series of brilliant interference bands. 

By turning the screw M so as to increase slightly the distance of 

the mirror H from the surface E, thereby increasing the differ- 

ence of path of the two interfering pencils, and suitably adjusting 

the mirror G, the interference bands, or fringes, can be made cir- 

cular and concentric. It is upon the ‘‘visibility” or distinctness of 

these concentric circular interference fringes, as the difference of 

path is further increased and the magnet excited or not excited, 

that the results stated in this paper are based. 

The fringes were observed by means of the telescope K, focused 

for parallel rays. 

The observations consist in estimating the ‘‘visibility” or distinct- 

ness of these fringes for successive differences of path of the inter- 

fering pencils. Curves are then plotted, using differences of path 

in mms. as abscissas and visibilities expressed as a proper fraction, 

as ordinates. From these curves the distribution of light in the 

source may be deduced, which distribution may also be expressed 

by a curve with wave lengths in Angstrém units as abscissas and 

intensities expressed as a proper fraction as ordinates. 

Michelson (Phil. Mag. Vol. 31, p. 338, and Vol. 34, p. 280,) has 

discussed fully the theory of the interferometer, which he shows 

will give the same interference phenomena as would be given by 

two plane luminous surfaces vibrating in the same phase, making a 

small angle with each other. When the mirror G is adjusted so as 

to show circular fringes, the angle between the two luminous sur- 

faces is zero. It is under these conditions that we have used the 

instrument, consequently we give the theory only for this case. 

If the distribution of light in the source is given by y=$(x) 

where y is intensity and x is expressed in differences of wave num- 

bers, measured from the mean wave number of the source, Michel 

C#+$? 

son has shown that the ‘‘visibility”, V, is given by ve i, 

Pp? 

Where; na (9° x)cos2mrDxdx 
« 

Not ( #(x)sinawDxdx 

HI { #(xpdx 
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D being the difference of path of the interfering pencils in mms. 

(read from the screw M). ‘The limits of integration are chosen so 

as to include the entire source. The visibility, V, is defined as the 

difference of intensities of a bright and a dark band divided by the 

[Lbright—I dark 

sum of these intensities, or algebraically V—- see ‘ 

I bright-+-I dark 

And it has also been shown by Michelson’s investigations that 

eye estimates of visibility agree fairly with the true values. 

The distribution of light in the source resulting from Maxwell’s 

Dy 

law of molecular velocities is given by $(x)==e ° and it has 

been further shown experimentally that the actual distribution of 

light in a single spectral line in most cases approximates closely to 

that given by the formula. ‘The visibility curve resulting from a 

fash li 

single line with this distribution is V=e Band for a source 

consisting of two such lines, the distribution in each being given by 

the above formula, the visibility 1s given by 
ey an? 
p { 1+r®+-arcosarDa | 

\% 
Ve 

{ t-Har--r* \ 

Under the conditions of temperature and pressure existing in a 

bunsen flame this formula represents very well the visibility curve 

given by the yellow sodium lines. 

For convenience of calculation this formula may be put in the 

form 

2 ( 1+r?--arcosarDa |} 

| tort r? } 

and d(x)j==2 

In these expressions A is a constant not greater than unity, r is 

the ratio of intensities of the two lines constituting the source, a 1s 

a quantity proportional to the distance between the centres of the 

lines in wave numbers, and D is the difference of path in mms. of 

the two interfering pencils as determined by the screw M. 

/\ is a quantity which varies inversely as the half breadth of one 

of the lines in the source. 

The formula shows that the visibility is a periodic function of 

the difference of path D, and hence that as the difference of path is 

| 

| 
i 
| 
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gradually increased the visibility passes through successive maxima 

and minima. These maxima will touch the curve given by 

be 
v—A2 4” and hence steadily decrease as the difference of path 

becomes greater. Hence this envelope, determined by observation 

at points of maximum visibility will give a curve expressed by 

D2 

A2 4” and from this curve may be determined A and /\; where 

/\ is the abscissa of the point at which V=™%A and A is the visi- 

bility at the point where Do. 

It may be proved further that /\ is connected with 6, the half 

loge 2 
width of the line in the source by the expression 6 and 

mL\ 

hence from the value of A may be determined the width of the 

line. 

The magnet used was a large one with movable pole pieces. It 

was capable of carrying a current of fifty amperes for short periods, 

and this current was used in some of our experiments. The space 

between the pole pieces varied from 3 to .75 cm. and thus gave a 

great range of field intensities. Field intensities were measured by 

means of exploring coils of known area, which were suddenly 

jerked out from between the pole pieces. The throw of a Hori- 

zontal Pattern D’Arsonval Ballistic Galvanometer, which was con- 

nected through a resistance box to the exploring coil, gave data for 

the calculation of the strength of the magnetic field. In order to 

avoid error due to damping, which in this form of galvanometer 

is considerable, the exploring coil was arranged so that it broke the 

circuit immediately upon being jerked out of the field and hence 

left the damping of the galvanometer the same as upon open cir- 

cuit. By changing the resistance in the box the galvanometer 

throws were kept nearly constant in magnitude and hence the errors 

due to damping, reduction to arc, etc,, were avoided. 

The galvanometer constant was determined by means of an 

Elliott standard condenser and two Carhart-Clark cells. 

For each position of the pole pieces a curve, whose co-ordinates 

Were strength of field and exciting current, was drawn, thus enab- 

ling the strength of field to be interpolated from an ammeter read- 

ing. The two exploring coils used were wound with a single layer 

of No. 36 wire and had total areas of 102.37 and 34.99 square cen- 

timeters respectively. 

\4 
1] 
1 
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OBSERVATIONS. 
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In making his estimates of visibility the observer was kept in 

ignorance of the field strength or whether the magnet was excited 

at all. The visibilities for the second set of observations, which 

were taken on another day, are all multiplied by $6 before plotting 

in order to reduce them to the same initial ordinate as the others. 

RESULTS. 

In Fig. 2 curves a to e are the visibility curves for maxima, plot- 

ted from the preceding observations. 

Curve a, Magnetic Field 0. GG Siunits, 

Curve by Magnetic Bield 1166 °: * 6 

Curve c, Magnetic Field ino py A Mlle i “ 

Curve d, Magnetic Field 2950 © ‘‘ es 

Curve e, Magnetic Field 7843 ‘‘ aL 

It is seen that the visibility curves fall off more and more rapidly 

for increasing field strengths, indicating a general broadening of 

the spectral line. Curve a agrees very closely with the dotted 

D? 
; 4 We , avinee 

curve a’, whose equation is V==.76 «2 and from which is cal- 

culated the half width of one of the sodium lines to be 6,==. 249° 

0123 wave numbers, which can be reduced to Angstrém units by 

multiplying by the factor 3.47 which gives 6,==.0425 Angstrom 

units. Hence the distribution of light in a single sodium line 

free from the effect of magnetism is given by the expression 

x2 

Peas: 8. which is plotted as curve a Fig. 3. 
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Exponential curves b’, c’, d’, e’, of the same form are also drawn 

through the points of half initial visibility of the curves b, c, d, e, 

Fig. 2. 

It is evident from these curves that the visibility curve has 

changed form, and hence the distribution of light in the source has 

been somewhat modified by the influence of the magnetic fields; 

but still the visibility curves for maxima are non-periodic, and 

fair approximation to the form and breadth of the source may be 

obtained from these exponential curves b’, c, d’, e’, whose equa- 

tions are: 

cc 
Ounveray. Vea 70x 2 

GurVerbl Wire 70 ci 

(is) 
CG ) 

( 
) 

D 

Grae reas | Wie 76 eZ 

G@urveree Vv 76 62 (<3 

It may be noted in passing that the period of the complete visi- 

bility curve is not changed by the influence of the magnetic field, 

so that the mean distance between the two sodium lines is not 

thereby altered, but only the distribution of light in each line. 

Also, that very considerable changes in the bunsen flame itself 

make no difference in the visibility curves of the sodium lines, and 

hence the effects observed cannot be explained on the eround of 

Variations in the brilliancy or intensity of the flame. 

From the equations of the curves a’, b’, c’, d’, e’, Fig. 2, are cal 

culated the half widths of one of the sodium lines under the influ- 

‘nce of various magnetic fields. 

Che values are: 
.0425 Angstrom units 8, 5. 

dy 0549 ve f 

Ogs=, 0038 te ne 

8, .0750 66 66 

0, == 1320 a oy 

and the curves (x) for the assumed exponential law of distribution 

of intensities in the source are plotted in Fig. 3 as curves a, bey 

d, e, whose equations are: 
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x 2 

) (=) 
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a 

; 

9 ie era 

The broadening of the lines for field strength, 7843, is given by the 

Curve e; $(x) 

iW - 8,—8 oun) : 
t ratio — !g10 per cent, and similar expressions for the broad- 

| ; 
. ening for other field strengths give: 
i Field Strength. Percentage of Broadening. 

q Co) Ce) 

i 1166 29 

' 1878 50 

if 2950 76 

\ 7343 210 

| These results are plotted in Fig. 4, and seem to show conclusively 
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that the broadening is directly proportional to the strength of the 

magnetic field. 
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Zeeman, on the basis of Lorentz’s theory, deduces that the 

change of the period of any vibrating molecule, divided by the 

ea e HT 
original period, that is should be equal to where e 

a ‘ m 47 

is the charge on the vibrating particle in electromagnetic measure, 

m is the mass of the same particle, H is the strength of the mag- 

netic field in C. G. S. units, T is the original period of the vibrating 

particle, and T’ the period when vibrating in the magnetic field H. 
e 

Inserting his observed values he finds that is of the order of 10" 
CG Sa cumitst m 

The writers have thought it worth while to attempt a verification 

of this result from the measures given in this paper. 

Let A be the wave length of the light emitted by some particle in 

the unbroadened line, then A+-(8, 
5 

8,) equals wave length of the 

light emitted by the same particle in the broadened line. 

From Lorentz’s formula 

Where v is the velocity of light. Then substituting in the formula 

above, o,—8 e, Hr 

Xr m 47Vv 

Expressing all quantities in C. G. S. units, 

A=5890 x 1073, §,—8, =.0895 X 107%. 

Fo7 34.3% Vises Beek ay 

This gives e 
Lay SLO 

mn 

If this number is assumed to represent the ratio between the 

number of electromagnetic units of electricity on a sodium atom 
and its mass, a rather interesting conclusion may be drawn as to 

the order of magnitude of the mass of this atom. For Mr. G. J. 

Stoney has calculated that for every chemical bond of a monovalent 

Substance ruptured a charge of 1o~®® coulomb is transferred, or in 

C. G. S. units ro-®!, and if it is further assumed that this is the 

charge upon a monovalent atom, it follows from inserting this value 
ys 

in the formula for that m equals .8x10—* grams. Using the 

m 
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value of e=17x10—”, given by Budde, the value of m comes out 

13.0x10—" grams, 

In conclusion it seems to the writers that their results justify 

them in stating that the broadening of the spectral lines of sodium 

is directly proportional to the strength of the magnetic field, and 

that the broadening of the line for unit field is 11.47 10-6 Ang- 

str6m units. 

It is proposed to continue this work, extending its scope to im 

clude other substances, under various conditions. 

} 
} 
} | 
| 
} 
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Results of Windmill Tests. 

| Ola pe NY (CH) 8) Ry 

In Vol. 4, No. 2 of the Kansas University QuarTeRLy the writer 

gave the results of some tests of windmills which he made during 

the summer of 1895. These tests were made with inferior instru- 

ments—the only ones then at his disposal—and on small mills op- 

erating small pumps raising water mainly for stock purposes. 

During the summer of 1896 with much better instruments fur- 

nished by the Hydrographic. branch of U. S. Geological Survey, he 

has continued this work testing the large steel mills working large 

pumps and raising the water for irrigating purposes. 

We have also extended the work to include ‘‘power’ 

pumping mills. In this paper we wish to give some of the results 

’ 
as well as 

of these tests, and conclusions to be drawn from them. The com- 

plete discussion of results will be found in the forthcoming report 

of the writer on ‘‘Windmills for Irrigation Purposes.” 

During the season of ’95, wind velocity was measured with a small] 

anemometer held on a board at the height of platform of mill. The 

number of strokes per minute were counted. In’g6 the wind ve- 

locity was measured with a U. S. Weather Bureau cup anemome- 

ter placed on a pole out of the influence of mill and at the height of 

axis of wind wheel. Each mile of wind and also the number of strokes 

of pump were recorded electrically on a two pen register. The re- 

sults of the tests of pumping mills are given in Table I. Examin- 

ing these results the following conclusions may be drawn: 

(1). The power of pumping windmills or the useful work they do 

is small. None of those tested gave more than .65 of a horse power 

in a 30 mile wind. 

(2). All mills of the same size are not doing the same amount of 

work. No. ri for example, is doing twice as much work in a 30 

mile wind as No. 3. The chief reason for this is the difference in 

the load on the mill or the number ft. Ibs. of work per stroke of 

pump. The influence of load on power of mill will be shown in 

tests of power mills. 
(89) KAN. UNIV. QUAR.. VOL, VI, NO. 2, APRIL, 1897, SURTES A 
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Some of the small mills are doing nearly as much work as 

Compare Nos. 9 and 11, also Nos. 12 

mpare No. 21 with No 
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MURPHY: RESULTS OF WINDMILL TESTS. OI 

any other 12 foot mill. The results of tests of a 12 foot ‘*Pow- 

er’ mill are shown in Fig. 1. The wheel of this mill is like that of 

mill No. 3. table I. The power was measured with a friction brake 

on a 9% pulley which runs the grinder or other machine. The 

speed of pulley was measured with a Pratt speed indicator, 

D4 
ya & uae Lila ea A a als 3 

Rigi , 

The four curves marked o lbs. 2 lbs. 4 lbs. and 6 lbs. give the re- 

lation between H. P. and wind velocity in miles per hour. Theo 

curve is for no brake load, the brake was off'the pulley The 2 lb. 

curve is for a brake load of 2 lbs; the 4 lb curve for a brake load of 

4 lbs. and the 6 lb. curve for a brake load of 6 Ibs. 

It is easily seen that the power increases with the load above cer- 

tain velocities. At 30 miles per hour the power is nearly propor- 

tional to the load on the mill This fact which accounts for much 

of the difference in the pumping power of windmills has never been 

clearly shown, to the writer’s knowledge. We noticed it in our tests 

made in ’95 and stated the fact in the paper already referred to. (p. 

to4 Vol. 4 Kans. Univ. Quarrerty). This fact is also referred to 

by Mr J. Au Griffiths, Associate Member Institution C. E. in a pa- 

per on ‘Windmills for Raising Water” — published in 1895 in ‘«Pro- 

ceedings of the Institution of Civ. Eng: Voli wrnoe: en Sanaa « \Aln 
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spite of the paucity of data the results obtained with this mill show 

conclusively that the most important element in the efficiency 1s the 

pump load factor.” 

The brake load of 2 lbs. corresponds to a useful pump load of 

740 ft. lbs. per stroke. This is somewhat less than the load of 

mill No. 11 and greater than the average pump load of this size 

of mill. It is seen that this 2 lb. curve is nearly a straight line for 

the usual jumping velocities of ro to 20 miles per Hounenwbuat is, 

the power of a power mill as wellas that of a pumping mill increas- 

es nearly as fhe first power of the wind velocity for a constant load 

of 2 lbs. 

The dotted curve D. K. is drawn tangent to these load curves and 

is the envelop of them. It is very nearly a parabola whose vertex 

is at the origin, with axis vertical. It is easily seen that this curve 

gives the relation between wind velocity and horse power for a con- 

stantly increasing load on the mill. The power of the mill would 

be greatly increased by some device for increasing the load of the 

mill it would then vary as the second power of the velocity instead 

of the first power. 

The curve A. B. gives the relation between wind velocity and 

horse power for the total energy of the wind which strikes the fans 

of this mill. That is, if this windmill could utilize all the energy of 

the wind which strikes the surface of its fans its power would then 

be given by the curve A. B. which is of the third degree. The ef- 

ficiency of the mill being the ratio of the horse power developed by 

the mill to the total horse power of the wind which strikes it, it is 

seen to be the ratio of the ordinate of any load curve to the corre- 

sponding ordinate of curve A. B. It is seen to decrease for a con- 

stant load as the velocity increases, and to increase for a constant 

velocity as the load increases. The maximum efficiency is the ra- 

tio of the ordinate of curve D. K. to the corresponding ordinates of 

curve A, B. 

It is seen that the useful work that a windmill will do when work 

ing under a constant load at all velocities is small, the horse power 

varying as the first power of the velocity. By some device for au- 

tomatically increasing the load as the wind velocity increases the 

power may be much increased at high velocities, and will then va- 

ry as the second power of the velocity. Even with this device for 

increasing power there is still a great difference between the power 

possessed by the wind and the power developed by the mill and 

this difference increases as the velocity increases. The question 

may be asked—‘‘Why does not the windmill utilize a larger amount 
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of the energy of the wind?”—Let A. B., Fig. 2, be a strip taken 

from the outer end of one fan of a windmill; it is curved, but for 

this purpose it may be considered a plane. This strip makes an 

angle Swith the absolute direction of the wind. c¢ represents the 

1a 

amount and direction of the wind, v represents the amount and di 

rection of the velocity of the surface A. B. Then the relative ve- 

locity of the wind, that is its velocity with respect to the moving 

surface A. B. is v,, the diagonal of the parallelogram constructed 

on vorcassides. v, makes an angle 6 with the absolute direction 

of the wind. If v=o, that is, if the wheel is held so that it cannot 

revolve the angle B=8. As v increases 8 grows less and less and 

finally becomes zero in which case v,, is parallel to surface A. B. 

In this case the surface receives no pressure from the wind—this 

portion of the fan is not utilizing any of the energy of the wind. 

If v be still farther increased, B becomes negative and the wind 

pressure is on the opposite side of A. B. This portion of the fan 1s 

then doing work on the wind instead of the wind doing work on the 

fan. The effective wind area of a fan being the projection of the 

fan on a plane at right angles to the relative velocity of wind over 

it—that is to v,, it is seen that as v increases the effective area de- 

creases. The energy which the fan takes from the wind is propor- 

tional to the effective wind area. It isseen then that this reduction 

of effective wind area is the reason why the efficiency is low at high 

wind velocities. If this effective wind area could be kept constant 

by some device for changing the angle of the fans then the relation 

between wind velocity and horse power might vary nearly as athird 

degree of the wind velocity. 
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In this discussion we have not taken into account the reduction 

of wind area due to the wind wheel swinging out of the wind or 
” “regulating.” The mill can be built strong enough so that it will 

not need to regulate for velocities less than 30 miles. | 
| 
| 
} 



Brachysaurus, a New Genus of Mosasaurs. 

BY S. W. WILLISTON. 

With Plate VIII. 

The University Geological Expedition of 1894 was fortunate in 

discovering in the Ft. Pierre deposits, of South Dakota, two re- 

markable specimens of Mosasaurs, one of them representing a new 

species of Mosasaurus in remarkably perfect preservation, the other 

a:new genus: A brief reference to the most peculiar characters 

presented by the species representing this genus was given by 

me in this journal, Vol. III, p. 169, under the specific name 

Overtoni, from its discoverer, my assistant. I did not feel sure of 

its distinction from some of the forms previously described, and 

refrained from giving the genus a name. Its characters are, how- 

ever, peculiar in so many respects that I venture to more fully 

describe it in the present communication under the name Brachy- 

saurus. 

The horizon whence the specimen was obtained is near the top 

of the Pierre deposits of the Cheyenne river of South Dakota, and 

probably a hundred or more feet above that of Mosasaurus horridus 

described by me. It thus, it is seen, represents one of the latest 

forms hitherto made known from North America. That it may be 

found identical with some of the forms hitherto described from 

fragmentary material from New Jersey under names that have been 

supposed to be synonymous with better known genera, 1s not im- 

possible. The generic name here proposed is, therefore, in a 

measure provisional. 

The material upon which the genus and species are based is as 

follows: One mandible neatly complete, both maxilla, the most of 

the frontal bone, one quadrate, portions of the very massive ptery- 

goid, and other fragments of the skull; some twenty or more ver- 

tebrae in more or less imperfect preservation; both humeri; and 

two smaller paddle bones. The generic characters, derived from 

these parts of the skeleton, are as follows: 

(95) KAN, UNIV. QUAR, VOL, VI, NO. 2, APRIL, 1897, SERIES A. 
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Brachysaurus, ven. nov. 

Frontal bone as broad or broader than long, the orbital margins 

not at all emarginate, the posterior portion projecting in the middle 

and emarginate for the pineal foramen. Maxilla very stout, with 

twelve teeth. Mandibles stout, with fourteen teeth. Teeth very 

stout, moderately recurved, wholly smooth, without facets, and 

with an anterior and posterior carina. Supracolumellar process of 

quadrate long and stout, and broadly co-ossified with the body of 

the bone below, enclosing a large, oval, auditory meatus, above 

which is situated the large stapedial pit. Zygosphene of vertebre 

rudimentary or wanting; chevrons co-ossified with centra; hypo- 

pophyses of cervical vertebre free; cervical and dorsal vertebra 

cordate in outline; pygial and caudal vertebre subtriangular. 

Humerus very stout and broad; radial process wanting, the ulnar 

process stout. 

In the absence of other parts of the skeleton, it is not possible to 

say with certainty to which family the genus belongs. The 'co- 

ossified chevrons have hitherto been characteristic of the Mosa- 

sauride, but the absence of the zygosphene points more to the 

Tylosauride. 

Brachysaurus overtoni Williston, Kans. Univ. Quart., iii, 169, 1895. 

The quadrate bone has some of the general characteristics of 

Mosasaurus horridus, but the supracolumellar process is much 

stouter and longer, and is firmly co-ossified below, a unique char- 

acter among the American forms. The stapedial pit, of large size, 

is situated below an overhanging ridge, and is much higher up 

than in the forms used for comparison (Mosasaurus, Platecarpus, 

Clidastes and Tylosaurus). The wing is apparently thin, and is 

preserved only in part; it does not seem to be of large size. Alans 

external auditory cavity is much less expanded than in the other 

genera, not extending nearly to the inferior margin of the bone. 

It may not be amiss to state here that this cavity in the Kansas 

specimens of the order is frequently filled with thick plates of car- 

tilage, which extend through the auditory slit or foramen and sur- 

round the stapedial pit to a greater or less degree. The maxillary 

articulation is elongate, and broader on the outer part. 

The mandibles are remarkably stout, and have not more than 

fourteen teeth implanted inthem. I formerly erroneously gave the 

number as thirteen. The jaws are distinctly convex along their 

under border and somewhat concave above. The coronary bone is 

stout, but apparently does not extend as high as in Mosasaurus and 
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Chidastes. The maxilla are likewise stout, and have twelve teeth 

implanted in each.’ The teeth are remarkably stout, much more 

so than in the other genera, save, perhaps, Zylosaurus. They are 

moderately recurved and are smooth throughout, with a weak 

carina fore and-aft. From the shape of the maxillew, the length of 

the lower jaws, and the breadth of the frontal bone, it is quite 

evident that the rostrum was not much prolonged in front of the 

teeth. 

The frontal bone is remarkably broad and heavy; the orbital 

borders are convex and apparently free, the prefrontal not being 

prolonged back to the postfrontal.. The strong median projection 

behind is very different from the usual shape of this part. The 

borders of the bone are stout and thick. 

The cervical and thoracic vertebre have the centra cordate in 

outline at the convex end, and are relatively small for so large and 

broad ahead. The cervical hypopophyses are free,* but the pro- 

cess for their attachment is not smaller than usual. The pygial 

and caudal vertebrae have their outline subtriangular, much as in 

Tylosaurus. The chevrons, in the caudal vertebre preserved, are 

firmly co-ossified with the centra. 

The coracoid is of the usual shape, and has a deep emargination. 

Perhaps the most peculiar of any of the elements preserved, 

aside from the quadrate, is the humerus. Its proximal end is much 

thickened, strongly convex from side to side, with a projecting 

angle at one side of the middle. The deltoid ridge is narrow and 

proportionally small. There is no radial process, as in Mosasaurus 

and Cidastes, but there is a stout ulnar process, with a large round 

surface, projecting nearly upwards. The free radial border is re- 

markably short, that of the ulnar side much longer and curving 

obliquely forward to the ulnar tuberosity. 

A single paddle bone (fig. 7) is of such peculiar shape that I can 

not place it. 

Altogether, the animal possessed a remarkably stout and broad 

head, with stout jaws and teeth, and evidently short, broad and 

stout paddles, and short body. 

Measurements: 
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*The co-ossification of the cervical hypopophyses is of minor value. A specimen of 
Clidastes tortor Cope in the museum has them firmly united throughout. 
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Mandible, width between seventh and eighth teeth..... go mm. 

He heigth of eleventh tooth above jaw......... 50 

Sh antero-posterior diameter of same at base of 
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EXPLANATION OF PLATE VIIL. 

Fig. tr. Mandibular tooth, natural size; za, basal cross-section of 

the same. 

Frontal bone, upper surface. 

Quadrate, inner aspect. 

4. Posterior cervical vertebra, anterior aspect; 4a, the same 

from below. 

Caudal vertebra. 

Humerus, palmar aspect. 

. Paddle-bone. 

All figures, save those of the teeth, one-fourth natural size. 
Wy 
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| On the Extremities of Tylosaurus. 

BY S.) W. WILLISTON. 

With Plates IX-XII. 

All that has been published hitherto concerning the extremities 

of this genus of saurians are the figures of the femur by Marsh*, of 

the humerus, femur, tibia, fibula and various: phalanges by Cope 

(Cret. Vert.) and a sketch of the front paddle by Professor F. H. 

Snow. t 

The specimen figured by Chancellor Snow—one of the best of 

the order in our collection—has since been more thoroughly cleaned 

from the matrix, enabling a more accurate drawing to be made, 

which is presented herewith. This paddle is the most perfect that 

I have ever seen in any specimen from the Kansas Cretaceous, and 

determines some interesting points about which there has been 

doubt hitherto. A photographic reproduction of the paddle is 

given in plate IX, as it lies upon the chalk slab. The parts there 

concealed beneath the ribs and vertebre have been carefully laid 

bare from the opposite side and their position is shown in the ac- 

companying outline figure. 

This specimen, it will be remembered, is the one in which the 

excellent casts of the skin are preserved, a figure of which was 

given by Snow in the paper cited. This engraving is so accurate, 

that, together with a photographic reproduction of a portion of the 

cast, (plate XII) additional description is unnecessary. A compari- 

son of the scales with those of the Monitor, from the same region 

of the body, shows them to be remarkably alike, both in size and 

shape. 

The position of the paddle is evidently a natural one and the fact 

is of interest as showing the general expansion and general curva- 

ture of the digits. The lmb is undoubtedly more flexible than is 

the case with either C//dastes or Mosasaurus, as is shown by the 

considerable space between the different bones, which while partly 

filled out with cartilage, must have left very free articulations. 

*Amer. Journ. Sci., 1872. 
+Trans. Kans, Acad. Sci., Vol. vi, p. 54, 
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The scapula, not preserved in connection with the other bones, is 

of smaller size than the coracoid, and relatively smaller than in 

either Ciidastes or Platecarpus. At the mesial end of the coracoid 

there is a thick plate of cartilage of considerable extent and closely 

united with the bone. Nowhere in this specimen, or in any other 

Fig. 1. Front paddle of 'Pylosaurus. 

specimen of this genus that I have seen, is there any indication of 

a sternum, even a cartilaginous one. Were it existent it would 

have been most certainly preserved in this specimen, inasmuch as 
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the skin les intact in the region where the sternum should have 
been, so that it could hardly have been lost. There can then seem 
to be little or'no doubt that its absence in this genus, as in all the 

Tylosauride, is a fundamental character of the family, as I have 
previously defined it. Marsh has figured the coracoids of C/idastes 

as meeting in the middle line, but this is certainly an error. They 
are separated by a considerable expanse of cartilage as would in- 
deed be expected from the relationship to modern lizards. 

In the present specimen remains of the skin are found between 

the bones, from which it is evident that the membrane was very 

thin and phable and extended fully between the fingers to their 

tips. Small scute-like scales are found as far as the metacarpals, 

beyond which they are wanting everywhere, apparently. The 

numbers of phalanges in this specimen were apparently as follows: 

I-6, II-9, III-ro. [V—11, V-11. The distal one is preserved only 

in the fifth finger, and is, as is seen, very small and imperfect. | 

am much inclined to the opinion that the number of the phalanges 

is not always uniform in different individuals of the same species, 

though probably varying only within small limits. It will be ob- 

served that the fifth finger is longer by far than in either Platecarpus 

or Clidastes. In this, as in other respects, Platecarpus holds an in- 

termediate position between the two genera. Zy/osaurus is the 

least lizard-like of the American genera of the Pythonomorpha. 

The paddles are more slender, more flexible and relatively longer 

than in the other genera. 

The structure of the hind paddle, as shown incompletely in the ac- 

companying photographic illustration, (plate X) is of great interest, 

as proving, conclusively, I think, that there were five functional toes, 

though the fifth is evidently undergoing reduction and the first is 

not as long as in the front paddle. The femur is much more 

elongate than is the humerus. ‘The tibia is an unusually broad and 

flat bone; the fibula small and slender. In the front paddle only a 
single carpal bone is preserved, and I do not think that there were 

others in the living animal. It is a bony nodule evidently set in a 

plate of fibro-cartilage, and it is possible that in older individuals 
there may be additional ones. It is not at all unlikely that the 

same variations in the number of carpals and phalanges exists in 

this genus as does among the Cetacea. In the hind paddle the 

single tarsal preserved is of the same character as the carpal. 

Marsh has figured the hind paddle in P/atecarpus, and I have no 

doubt of its general accuracy. Dollo suspected that it might be 

wrong, and that the genus had but four toes, as in AZosasaurus. 

wt 
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The shape of the present paddle seems to be not unlike that of 

Platecarpus. The two larger metatarsal bones are undoubtedly the 

first and fourth, the former in position, the latter displaced proxi- 

mally, while the displaced smaller phalanges must represent the 

fifth toe, which is evidently divaricate, as in P/atecarpus. The fifth 

metatarsal is probably the short, irregular bone lying contiguous 

with the fourth metatarsal. The complete hind paddle of C/dastes 

is not known, but I believe that it is like that of Mosasaurus, and, 

if so, there were but four functional toes, as has been shown by 

Dollo. It is upon this character, together with that of the sternum 

and others, that I have established the two families, Tylosauride 

and Mosasauride, the two typical genera representing the extremes 

of development in this order of reptiles. 

A restoration of Zylosaurus proriger will be given in the next 

number of this journal. 

EXPLANATION OF PLATES. 

Plate IX. Front paddle of Zylosaurus proriger. 

Plate X. Hind paddle of 7y/osaurus proriger. 

Plate XI. Pelvic bones of Zy/osaurus. 

Plate XII. Skin of 7ylosaurus, natural size. 

All the foregoing figures are from the same specimen, collected 

by Prof. F. H. Snow and now in the University Museum. 

we nen ee 
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Fronr PappLe OF TYLOSAURUS. 
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SKIN oF TyLosaurus. Natural size. 
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Two New Species of Asilids from New Mexico. 

BY BARNUM BROWN. 

Nusa abdominalis, n. sp. 

Female. Abdomen red; thorax thinly pollinose; hind tibie 
Much curved. Length, 12 millim. 

Head black; face and front thickly white pollinose; the former 
with abundant, long, white hair, moderately protuberant below. 
Occiput white pollinose, with white hair. First and second joints 
of the antenne red; third black, except at the proximal end, dilated 
distally. Thorax brownish red; mesonotum with a darker median 
and two large, partly confluent spots on each side; sparsely clothed 
with short white hairs. Abdomen light red or yellowish red; short, 
with nearly parallel sides, clothed with short, sparse, decumbent 
white hair; moderately shining, finely punctate; a single bristle 
Present near the lateral margin of each segment. Legs black, 
Somewhat reddish at base of tibia and tarsi; hair short, sparse, 
White; hind femora considerably thickened distally; hind tibia 
Much curved and moderately dilated at the tip. Wings nearly 
hyaline; first posterior cell closed remote from the border. 

One specimen, collected by myself at Cuba, Bernalillo County, 
New Mexico. 

Nusa similis, n. sp. 

Female, Like WM. addominalis, but differing in the following 
Characters: Antenne black; third joint not so long as the first two 

together, thickened distally. Thorax black, densely white polli- 
Nose. On the lateral margin of each abdominal segment four 
bristles present. Hind femora only moderately thickened; hind 
tibiae but little curved. 

"wo specimens, from the same locality as the preceding. 
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Editorial Notes. 

The April number of the Annals of Mathematics contains an article by Prof. H. 

B. Newson, on Hessians and Steinerians of higher orders. In this paper a sub- 

stantial advance is made in the theory of cononical forms of binary quantics of odd 

order. 

The ‘‘Elements of Physics” by E, L. Nichols and W. S. Franklin, issuing from 

the press of the Macmillan Company, has reached its third and final volume. Vol. 

[ treating of Mechanics and Heat and Vol. II on Electricity have already been 
noticed in these pages. Vol. III deals with Light and Sound, the two allied de 
partments of Physics in which the phenomena find their explanation in the proper 
ties of wave motion. 

Accordingly Vol. III opens with a mathematical discussion of wave motion. 

The authors have wisely given this discussion a geometric rather than an analytic 

form; wisely because of the fact that analytic formule are often handled with ease 

‘by the student and yet they convey to him very imperfect conceptions of the physi- 

cal phenomena they are intended to represent. This is because the formule are 

imperfectly interpreted; in other words the language of analysis, however elegant, 
is badly translated into the vernacular of familiar ideas. The results of analysis 

are never realized in the mind of the student until they are graphically presented 
either to the outward or the inward eye. Hence in Physics graphical methods 

when simple and direct are, pedagogically speaking, always to be preferred to 
analytical ones. 

Herein lies the secret of much of the surpassing clearness of this volume on light 

and sound. An abundance of well drawn geometric figures serve to convey to the 

mind accurate images of the abstract ideas. When perfection in this method is 
reached we shall have the true royal road to knowledge. ‘The writers of this text- 

book have produced a work that comes nearer to the above ideal than any similar 

work known to us. We doubt not but that this treatise on Physics will find a 

ready acceptance in such American colleges and universities as require of their 

students a working knowledge of calculus before admitting them to the courses in 

experimental and theoretical physics. Faby tS aN 



Lantern or Stereopticon Slides. 

Duplicates of the extensive collection of original Lantern Slides made expressly 
for the University of Kansas can be obtained from the photographer. 

The low price of 33% cents per slide will be charged on orders of twelve or more 
plain slides. Colored subjects can be supplied for twice the price of plain sub- 

jects, or 662% cents each. 

Send for list of subjects in any or all of the following departments: 

PuysicAL GEOLOGY AND PALEONTOLOGY.—Erosion, Glaciers and Ice, Volcanoes 

and Eruptions Colorado Mountain Scenery, Arizona Scenery, Restoration of Ex- 

tinct Animals, Rare Fossil Remains, Kansas Physical Characters, Chalk Region, 

and Irrigation, Bad Lands of South Dakota, Fossil Region of Wyoming, Micro- 
scopic Sections of Kansas Building Stones, Evolution. 

MinrerALoay.—Microscopic Sections of Orystalline Rocks, and of Clays, Lead 

Mining, of Galena, Kan., Salt Manufacture in Kansas. 

S0TANY AND BacTERIOLOGY.—Morphology, Histology, and Physiology of Plants, 
Parasitic Fungi from nature, Disease Germs, Formation of Soil (Geological). Dis- 

tinguished Botanists. 

ENTOMOLOGY AND GENERAL ZOOLOGY, —Insects, Corals, and Lower Invertebrates, 

Birds, and Mammals. 

Anatomy.—The Brain, Embryology and Functions of Senses. 

Cuemistry.—Portraits of Chemists, Toxicology, Kansas Oil Wells, Kansas 
Meteors, Tea, Coffee and Chocolate Production. 

Puarmacy.—Medical Plants in colors, Characteristics of Drugs, and Adultera- 

tions, Anti-toxine, Norway Cod and Whale Fishing, 

Crivit ENGINEERING.—Locomotives and Railroads. 

PuHysics, AND’ ELECTRICAL ENGINEERING.—Electrical Apparatus, X-Rays. 

AstronomMy.—Sun, Moon, Planets, Comets and Stars, Many subjects in colors. 

SocroLocy.—Kansas State Penitentiary, Indian Education and Early Condition. 

American History.—Political Caricatures, Spanish Conquests. 

Greex.—Ancient and Modern Architecture, Sculpture, Art and Texts. 

GrrmMan.—German National Costumes, in colors, Nibelungen Paintings, Life of 

Wm. Tell, Cologne Cathedral. 

Fine Art.—Classical Sculpture and Paintings, Music and Art of Bible Lands of 
Chaldea, Assyria, Egypt, Palestine, and Armenia, Religious Customs of India, 

Primitive Art and Condition of Man, Modern Paintings and Illustrations. 

For further information address E, S. TUCKER, 828 Ohio St., Lawrence, Kan. 
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TRADE MARKS, 
DESICNS, 

COPYRICHTS &c. 
Anyone sending a sketch and description may 

quickly ascertain, free, whether an invention is 
probably patentable. Communications strictly 
confidential, Oldest agency for securing patents 
in America. We have a Washington office, 
Patents taken through Munn & Co. receive 

special notice in the 
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beautifully illustrated, largest circulation of 
any scientific journal, weekly, terms $3.00 a year; 
$1.50 six months. Specimen copies and HAND 
BOOK ON PATENTS sent free. Address 

MUNN & CO., 
361 Broadway, New York. 
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Restoration of Kansas Mosasaurs, i 

BY. Sa We WILLISTON. 

With Plate XTII. 

In the present communication are given restorations of the three 

Principal genera of Kansas Mosasaurs, based upon the material 

how in the University of Kansas Museum. A detailed description 

of this material is now in preparation to be shortly published 1] 
aS a volume of the University Geological Survey, of which Chan | 

Cellor Snow is Director. At present only the more striking char- } 
acters of the three forms will be discussed. I 

The three genera herewith given comprise all the authentic types 

known from Kansas. In addition, Molosaurus Marsh, Szronectes || 

Cope and Baptosaurus Marsh, have been described from or accred- 

ited to the Cretaceous of the state. Svronectes, is, I believe, a 

Synonym of Platecarpus. It was based upon the presence of the 

4Ygosphene in connection with free chevrons. In P/atecarpus there 

1S, 1n most species, a rudimentary zygosphene, and in some it is 

| Nearly as large as in some species of C¥idastes. It is possible that (| 
olosaurus isa good genus, but specimens of it must be exceed- 
ingly rare, The type specimen, now in the Yale Museum, was 
Collected by myself and represents nearly the complete skeleton. | 

Baptosaurus is practically known only from the posterior part of 

the jaw, described by Merriam. This is very peculiar in having 
nie articular bone reflected upwards at the extremity. | 

The material upon which the restorations here given are based 

'S as follows: CVZidastes is restored from a single specimen, complete 
In al] details, save the terminal phalanges of the front paddle and 

MOst of those of the hind paddles. The present restoration differs 

(107) KAN. UNLV. QUAR., VOL, VI. NO. 8, JULY, 1897, SERTHS A 
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from the one previously published only in the less flattened skull, 

and in the curvature of the digits. 

Platecarpus is based chiefly upon one specimen, comprising a 

nearly complete disarticulated skull and a connected series of ver- 

tebra to beyond the middle of the tail, the sixty-fifth, together 

with the pectoral and pelvic girdles and most of the bones of the 

limbs. The arrangement of these bones has been copied, from 

Marsh, with some changes. The only parts conjectural are the num- 

ber of long ribs and the number of chevron-caudal vertebrae. Iso- 

lated bones and partly connected series of caudal vertebra are 

preserved in other specimens, from which there seems to be very 

slight differences from the corresponding parts of Zydosaurus. The 

tail has, therefore, been made to correspond with that of Zy/osau- 

rus in length. 

Tylosaurus is drawn from three specimens, one with the posterior 

part of the head and the vertebral columa complete to the tip, 

the second with the skull and cervical vertebre in perfect preser- 

vation, the third with the paddles nearly complete, together with 

the larger part of the vertebrae and ribs. This last specimen is 

the one of which figures of the paddles and skin were given by me 

in the last number of this journal. All of these specimens agree 

closely in size and characters, clearly belonging to the same spe- 

cies, 

A comparison of these genera, as shown by the restorations, will 

be of interest. Platecarpus has an intermediate position between 

Clidastes and Tylosaurus, which represent the extremes of develop- 

ment of the Kansas forms. In C/idas/es the thorax is elongate, 

the tail relatively short and modified into a powerful propelling 

organ. The limbs are small, the hind ones especially so. The 

animal throughout is more slender, and the head relatively short,’ 

agreeing in this respect more closely with their nearest modern re- 

latives, the species of Varanus. The vertebra have the firmest and 

closest articulations, with the interlocking zygosphene best devel- 

oped of any of the Mosasaurs. The limbs are less flexible, but re- 

latively stronger, as shown by the closely articulating bones and 

the fully developed carpus and tarsus, and the more pronounced 

processes for muscular attachment. The movement through the 

water in this form was more snake-like than in the others, and pro- 

pulsion was largely by means of the tail. 

In Platecarpus we have the same shortened muzzle as in Clidastes, 

the vertebre also relatively slender, and the zygosphene imper- 

fectly developed. The paddles are more of the Cédastes type than 

| 



WILLISTON: RESTORATION OF KANSAS MOSASAURS. LOQ 

| that of the Z'y/osaurus, though the carpus and tarsus are less well i 
developed than in the former. The hind paddles are only slightly 
smaller than the fore ones, and all are powerful propelling organs, i 
far more so than in any other known genus of the group. Alto- i 
gether, in proportion to its size, Platecarpus was the most powerful 

| and predaceous of the Kansas Mosasaurs. It will be observed that 
the teeth in this form, while not as numerous as in C@dastes, or iF 

| as stout as in 7'y/osaurus, are more effective weapons than in either ; 
of these genera, being more elongated, more curved and more 

° Pointed. The neural spines do not form as close a series as in 

Tylosaurus, indicating greater flexibility. 

In Zylosaurus we have in some respects the most specialized of ie 
| the Mosasaurs. The almost wholly cartilaginous carpus and 

tarsus, the more elongated digits and the greater number of the 
| Phalanges, are characters brought about by aquatic habits. On | 

the other hand, the hind paddle is actually larger than the front, i. 
| and the fifth digit has undergone little or no reduction, characters 

| of a more primitive rank. The paddles are more flexible than in 
| either of the other genera, but they are relatively small and not at 
| all Strong. The skull is more elongated anteriorly and there is no 
| trace of a zygosphene. 

| Dr. Dollo has expressed a doubt of the nature of the vertebra 
Called pygial by Mr. Case and myself in a former publication. 
He believes that some of them at least are true lumbar vertebrae, 

as all were previously thought to be. I feel yet more assured that 14 
they are basal caudal and have so restored the different genera. 
In the living lizard, with the sacral synchondrosis, the ilium is di- ; 
fected forward, throwing the symphysis ischii below the sacrum 

| and leaving the outlet of the pelvis unrestricted. In Varanus there 
are as few as two non-chevron-bearing vertebra back of the sacrum. 
More were not needed. In these marine lizards, on the other 
hand, the shaft of the ilium is directed obliquely forward, bringing 
the symphysis of the ischii below the fourth or fifth of the vertebre 
Succeeding the ligamentous attachment. If these or any of them 
bore chevrons, it will be immediately seen that they would project 
nto the cavity of the pelvis. Not less than six pygal vertebra are 
necessary to leave space for the free exit of the cloaca. The ilium 
Must have been in every case attached to the first non-costiferous 
vertebra. 

In these three species the number of vertebra in the different 
regions may be given as follows: 

| 
} 

| ) 

| 
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Clidastes. Platecarpus. Tylosaurus. 

CONC rca ites TIES tt a eae ere ry Fe ge Se anc a / yh a 

AR Tikianelsietice Sabie iene aK OMe Ug SRE Ce ra R37 13? 

PUURIMRTOCICMmen i cnah nie y Tin wenn Mlcriine yor) wae ny 9 10 

PRY RP CAL GAUSars GiN iuiee weg ethnic tnnk YN Wh 5 6 

Diapophysial caudals...........++++- 25 15 25 

Non-diapophysial caudals........--.. 45 " 55 

The zygapophyses in all three forms terminate at or near the 

end of the rib-bearing vertebra. In the cervical region they are 

strong, diminishing but little in size through the thoracic region. 

In the region which I call lumbodorsal, they become weaker. The 

vertebre increase in length through the thoracic region, but dimin- 

ish very rapidly in length at the end of the costiferous series. 

The length of C/dastes velox is about twelve feet, that of Plate- 

carpus corypheus nearly fourteen, while 7y/osaurus proriger, one of 

the smaller species of the genus, was over twenty-three feet. The 

smallest species of Clidastes, C. pumilus, if it be a distinct species, 

was about six feet in life. The largest species of the Kansas 

Mosasaurs, Zylosaurus dyspelor had a length of nearly thirty feet. 

Only one other species of the group larger than 7ylosaurus dyspelor 

has been described from America—Mosasaurus maximus Marsh, 

trom New Jersey. If it had the same proportions as Tylosaurus its 

length would be about thirty-two feet. If like C/dastes, as it was 

in all probability, its length would not exceed thirty-six feet. Eve 

ropean forms somewhat larger than this have been described, pos- 

sibly reaching a length of nearly forty feet. The text-books and 

popular descriptions place the length of these animals at from 

seventy-five to one hundred feet! 

The food of the Mosasaurs must have consisted chiefly of fishes 

of moderate size with occasional victims of their own kind. While 

the flexibility and loose union of the jaws undoubtedly permitted 

animals of considerable size to be swallowed, the structure of the 

thoracic girdle would not have permitted any such feats of degluti- 

tion as the Python and Boa are capable of. The animals must 

have been practically helpless on land. They were not sufficiently 

serpentine to move about without the aid of the limbs, and these 

were not at all fitted for land locomotion. They lived in the open 

sea, often remote from the shores. Their pugnacity is amply indi- 

cated by the many scars and injuries they received, probably from 

others of their own kind. 
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Salicylic Acid and Calcium Sulfite as Pre- 

servatives of Cider. 

BY E. H. S. BAILEY AND CHAS. M. PALMER. 

The object of these experiments was to determine the preserva- 

tive influence exerted upon cider (and hence other fermentable 

liquids), by salicylic acid and sulfurous acid, the latter being in 

the form of calcium sulfite, in various amounts; also to review the 

various methods of detecting these agents. The surrounding con- 

ditions were supposed to simulate those under which these sub- 

stances are used by people generally, and considerable reference is 

also made to the literature of their use, effect, detection, etc.; es- 

pecially in the case of salicylic acid. 

Salicylic acid was discovered in 1838 by Piria (Amer. Jour. of 

Phar., Aug., 1843,), but it was not until Kolbe so improved the 

method of manufacture in 1874 (J. Prakt, Chem 2), 26y) 08), 4. aeu0G 

render it commercially available that it was used as a preservative. 

He made an extensive study of its anti-fermentative action which 

extended over a year or two. His conclusions were that it re- 

strained or prevented the action of organized ferments and also that 

of unorganized ferments to some extent, but that it was harmless 

to animal life, and he strongly advocated its use as a food preser- 

vative. 

On August 7 and 8, 1882, at the Nuremberg meeting of the In- 

dependent Union of the Bavarian Representatives of Applied 

Chemistry, the association, after an exhaustive discussion of the 

propriety of the use of salicylic acid as a food preservative, refused, 

by a practically unanimous vote, to sanction its addition to beer 

CBwI Ui Si Dept. of Agric. 13, Pt. 8,). In Germany its use is 

prohibited, except in beers intended for exportation. In France 

its use in food or drink of any kind was forbidden by ministerial 

decree on the 7th of February, 1881. 

In this country Dr. Cyrus Edson, of the New York board \of 

health, seized, on November 11, 1886, 5,280 gallons of artificial 

(111) KAN, UNTV. QUAR., VOL. Vi, NO, 3, 1897, SERTES A. 
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wine which had been preserved with salicylic acid. It contained 

about 4.5 grains to the pint. (Am. Analyst, 416, 1886.) 

Very little can be inferred as to the physiological effects of the 

continued use of salicylic acid, as reliable experiments upon human 

subjects are rare. Kolbe took a daily dose of it for over a year, 

beginning with one-half gram and gradually increasing it to 1.5 

grams without noticeable effect. Two workmen (Methoden der 

praktischen Hygiene, Wiesbaden, 1890, 281,) to each of whom .5 

grams were administered daily for seventy-five and ninety-one days 

respectively, by Lehmann, experienced no injurious effect. A 

case is recorded in the Virginia Medical Monthly, of death in forty 

hours from 48 grains of salicylic acid—this quantity being taken 

within four hours. 

Dr. Bartley (Am. Analyst, April 1, 1887,) is of the opinion that 

the use of salicylic acid, as a preservative for foods and beverages, 

should receive a check at the hands of the authorities. 

A special committee of the ParissAcademy of Medicine reported 

upon the uses of salicylic acid, that the injection of such small 

quantities as are liable to be found in food might result in no injury 

to persons in good health, but to the aged or those in feeble health 

injury might follow. ‘Those affected with diseased kidneys or dys- 

pepsia they found to be especially sensitive to its action (Bull. de 

l’Acad. de Med., Paris, 1886,). They recommend that its use, as 

a preservative of food, even in small amount be absolutely prohib- 

ited. 

The various commercial articles sold as ‘‘Extract of Salix,” 

‘« Preservaline,” ‘‘Conservaline,” ‘‘Antispoil,” etc., are generally 

found to contain salicylic acid or other well known substances as 

borax, oric acid, benzoic acid, ete. 

Salicylic acid admits of ready detection in very small quantities 

and in great dilution. The sensitiveness of the ferric chloride test 

has been placed as high as one part in 100000. AD cojemerners roi?) 

1-20000 solution of salicylic acid in cider was neutralized with so- 

dium carbonate and evaporated to dryness and the residue extracted 

with dilute salfuric acid. This acid liquid was shaken out with 

chloroform, the latter separated and allowed to evaporate sponta- 

neously. The residue gave a very distinct violet color with ferric 

chloride. The ferric chloride reaction is prevented by a number of 

substances in consequence of which the acid should be purified be- 

fore applying the test. It may be separated by dialysis, shaking 

out with an immiscible solvent and distilling the residue with 

steam, etc. 
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Blas (Jour. Prackt. Chem. 19, 43,) and others (U. S. Bull. Dept. 

Agric. 13, part 3), recommend using the body as a means of sepa- 

ration and applying the test tothe urine. This proved very efficient 

in the hands of the writers. Of eight methods tried by Crampton and 

his fellow assistants (U. S. Bull. 13, part 3), extraction with equal 

parts of ethylic and petroleum ether, and extraction with ether, 

spontaneous evaporation and again extracting with benzine, were 

the two which gave decidedly the best results in working with beer. 

The writers found chloroform to give the best results with cider, 

used as above described. 

There is no dearth of qualitative tests, but an easy and satisfac- 

tory method for the quantitative determination is yet wanting. 

The qualitative methods of extraction may be made complete and 

the pure crystallized acid weighed or dissolved in alcohol and 

titrated with a soda solution standardized with a like solution of 

salicylic acid of known strength. Colorimetric methods have also 

been proposed by Dr. Muter (Analysist 1, 193; Remont, Jour. of 

Pharm. Chem, (5), 4, 34} ‘Chem. Cent, 188z,..773), and modifica- 

tions of the last by Pellet and DeGrobert (Compt. Rend. 93, 278; 

Chem. Cent. 1881, 711). The last three references are from the 

U. S. Bull. Dept. Agric. 13, part 3. 
In regard to the efficiency of the preservative action of salicylic 

acid, Dr. A. B. Griffiths (Chem. News, 53, p. 28) placed a drop of 

yeast on a slide under the microscope and then ran a few drops of 

salicylic acid solution, r-5000, between the cover and slide and 

found it to have no action upon the true alcoholic ferment—Torula. 

But by treating in the same manner mounts of mycoderma aceti, 
bacterium lactis and the buteric bacillus, these ferments were 

quickly destroyed. He observed that the acid solution acted 

chemically upon the substance of the cell wall, in some cases caus- 

ing perforation. He found also that the above solution of salicylic 
acid prevented yeast from converting cane sugar into dextrose 
and levulose, and also the action of ptyalin on starch. The ex- 

periments of the writers would seem to lead to different conclusions, 
at least concerning the Torula and Micoderma. 

Six flasks, containing cider, were protected from dust by placing 
watch glasses over their mouths and set aside under ordinary at- 

mospheric conditions and at temperatures ranging from 12 to 22 C. 

(53-6, in 71.6 F.), No. 1 contained r-20000 of salicylic acid, No. 

2 I-1000, No. 3 1-5000, No. 41-1000, No. 5 1-500, No. 6 and 6 (a) 

were blanks. The cider was fresh and contained .2 per cent of 
alcohol. Distillations were made in twenty-four hours; seventy- 
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two hours, eight days, twenty-four days, and fifty-two days with 

the results as stated in table 1, below. Nos. 4, 5 and 6 (a) were 

started later with five other samples, and contained about 1-20000 

of salicylic acid which had been added by the enterprising cider 

vender. At the last series of distillations titrations were made and 

the results given as acetic acid. Titrations, the results of which 

are given, were also made two months after the last distillations. 

TABLE 1. 

PER CENT OF ALCOHOL. Pp. C. OF ACETIC ACID, 

Interval. Bey” 24 h./72 h.| 8 d. 22 d.j52/d. |52 days. | 1ne.days. 
BG aan | ie al it | 

Strength. | 

No. 6,' blank. ++] 0-3 | 1-0 | 363 | 5-9 | 342 cee) 7.38 

No. 't, I-20000.| 0.3 | OLB igs 2: | Geo ae Mas 5.8 793 

No. 2, I-10000.| 0.3 |.0.7 2 Gow, kas 5 Vsti 

INoi'/53, £38000. «| ONS. lng pel veair, Ongar sine 4-7 7.79 

No. 4, 1-1000...) 0.3 | 0.3 | 0.3 | 4.0 4.8 0.4 0.4 

INO) sts 1-500...| 0.3 | 0.3 | 0.3 | 04 | 0.4 0.58 0.6 

NGiG Cau) Blemile! Ooh hes ik aie aS) 1k Os 1.6 3.48 

These results are better shown graphically thus: 

No. 6, Blank. 
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NOH | 
6000° 

No, 6 (a), Blank. 

Though the effect of the preservative 1s not very marked till a 

roo SOlution is used, yet it seems that 1-5000 solution of salicylic 

acid does have a noticeable effect upon the alcoholic ferments and 

the micoderma seems to do very well in a 1-1000 solution. Butin 

the end it is probable that the maximum amount of both alcohol 

and acetic acid are produced, as the last distillations and titrations 

indicate in the case of Nos. 1, 2, 3, and 6. Attention might be 

called to the fact that 6 per cent of alcohol would theoretically 

yield respectively 7.8 per cent and 7.3 per cent of acetic acid. 

There seems to be considerably less lterature upon the use of 

sulfurous acid or its salts as preservatives, although it has long 

been known as an agent very destructive to bacterial life. Its de- 

tection in small quantity in the presence of organic matter is dif fi- 

cult, since it has been concluded that hydrogen sulfid is produced 

by zine and hydrochloric acid with albuminous compounds or any 

compounds containing sulfur (U. S. Bull. 13, part 3,). But in 

quantities sufficient to exert any preservative influence sulfurous 
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acid may be readily detected by zinc and HCl, as about 1 c.c. of 

a 2.2000 solution of calcium sulfite in cider when treated with a few 

scraps of zinc and about six c.c. of concentrated HCl, promptly 

gave the unmistakable odor of hydrogen sulfid and darkened lead 

acetate paper in less than one minute. 

Neither HCl nor H,SO, in 1-4000 and 1-2000 solutions in cider 

gave evidence of SO,, but 1-1000, 1-500 and 1-250 solutions gave a 

somewhat pungent odor; none of them, however, produced a color 

with mercurous nitrate paper (paper saturated with mercurous ni 

trate solution). Potassium bichromate was not sensibly reduced by 

the amounts present in the above solutions, but the 1-250 solution 

gave an olive green color, not characteristic. Sodium nitroprus- 

side gave no results whatever. 

Quantitative determinations were not attempted, but for those 

interested reference might be made to the method in use by the 

Union of Baverian Chemists, described in U. S. Bull. 13, page 3. 

It consists in acidulating with phosphoric acid, distilling in a cur- 

rent of CO, then collecting in a solution of iodine. The sulfuric 

acid formed is then estimated in the usual way as barium sulfate. 

Table 2 shows the effect of various amounts of calcium sulfite 

upon cider treated in the same manner as those previously men- 

tioned. One more distillation was made of each sample and titra- 

tions were calculated as acetic acid as before, although in all 

probability the acidity in Nos. 1, 2, 3, and 4, was wholly due to 

the malic acid of the fruit. 
TABLE: 2. 

PER CENT OF 
PER CENT OF ALCOHOL. Te a ee 

Interval. Ba" (24 h./72 lal otal [22 d. 152 d. ea qd) BiiGha | oh Qe 

Strength. | | 

DG hy B25 0s «+h OF. OrF | OB] OG.) Guy 0.57 0.41 

Oye e RG DO OMe | Oe. \nOr Savors le Bnd 0.48 0.41 
Mer sre rObO 10,51 O19" | 6.8 | eyo) |p 34) | 0.41 0.41 

IN OW) ApoE EROOO HN Ons" Ova | 0.9 | Heo) 4) One 0.41 0.41 

INOe): Si eOOON sia Ov Sor Or. 0.9) eln5ie | FeO. sy One 0.41 ane) 

No. 6, blank obtuse ne Pet ae Re 1.62 3.48 

Here the effect of the increasing quantity of the preservative is 

very plainly shown, and evena ;,'5, solution has a noticeable effect. 

The action of the sulfite seems to be retarding only, for consider- 

able alcohol is produced after the fifty-second day, even in a »#y 

solution. The formation of acetic acid is much retarded. 



On the Composition of the Louisville 
Mineral Water 

BY: Be Hy BS) BALERY, 

In Pottawatomie county, three miles north of Wamego, near 
Louisville, the former county seat, is a mineral spring that has 
attracted considerable attention locally, but a complete analysis of 
its water has never been published. The spring is situated beside 
asmall stream that flows into Rock creek at this point. The 
surroundings, a natural park of oak and walnut, ash and elm, add 
much to the attractiveness of the place. The park is connected 
with the village by a suspension foot bridge over Rock creek. 
Just below this bridge a dam has been thrown across the stream, 
to supply the mill near by with water power; and the swift stream 
below the dam, at the “ford” on the old Pike’s Peak trail has 
washed bare the level limestone rock over a large area. This same 
Stratum of rock that is here exposed, extends north and west under 
the park and the spring. 

The s Spring has rece ntly been made more accessible by sinking 
Over it a tile twenty-four inches in diameter, down to the bed-rock, 
through a cleft in which the spring water rises, and the water can 
be raised to the platform above by means of a pump. 

The Sadia of the spring, in May was 56° F. On July 7 
it was the same. 1 the winter the temperature changes very little. 
The amount of water that flows is generally sufficient to fill an inch 
Pipe. Although the water when first drawn is perfectly clear and 
transparent, in a very short time it becomes yellow and _ turbid. 
Boiling the water also causes a heavy precipitate to deposit. 
The taste of the water is somewhat astringent, and there is some- 
times a slight: odor of hydrogen sulfide from.the spring. The 
The water when e vaporated has a slight alkaline reaction. 

The analysis of a sample of the water taken from the spting 
May 17 shows that 100.000 parts of the water contain the following 
constituents: 
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Si O, and insoluble residue..... 6. sees cee eee tee eens 4.64 

G9 SOE CE acts Ae Ca SR ol deal lek ca eal dd 2.84 

(CLASTO FA ARIE HOLGATE Sc outs enti Mea ie LCi OEE Ac vansvatatsh wes kod tf 

NO) acts Thee Nia id Debits ule ley Sond eae nimrntenbhy bielé fie po ee Wane tas (a) feck 

Re een Caer co mp ereanron us mabe gaeM rane Tey hs Fine Wey! 0. 52 

ORIEL SS TE LT Hd cca it ek ce 12.89 

RUM hala uw in em enmNhmroRy ub cm uee ee LES Pe Fae) 99.90 

eek a cir + ee eee ME me her ety ee ites FUN a nee Be ener 

Oreanic MRE. 6 Cian Cee RYO ee are sale es os oc BR 

The most probable combination for the above constituents would 

be as follows: 

Silica and insoluble residue, GSO) « Liev at ora adanitindy 4.64. 

Iron bicarbonate, GheiE ys (G.Og day. 6,32 

Calcicum bicarbonate, (Ca H, [C Oils 1 94.65 

Magnesium tc (Mg H, [@/@erliens $3.93 

Sedium CNG o) iorey wte}s| 

Calcium sulfate, CCAS O44 SPAS chumieltan se 137 eid 

Sodium a CIN GI i) g.06 

Potassium ‘‘ (K, 5 0,).. 

Sodium chloride, (Nz Li Gorin 

Sodium nitrate, CNa iN: Oe). 

0.96 

6.36 

~ eB trace. 

TYEE Gey) eer Lae Coeeal VN Oooo Vivesutie: Wuy/e ANDINA Wane see lwo WR NUNES 

Free carbonic acid gas, 23.91. 

This may be express in grains per U. S. gallon Of 23m cubic 

inches, a common method of expression, as follows: 

Brite Boe THEO MUIe Tesi) ac eked nt Miekeies one aOR enna 

fee a Mmeeta Ree bans bud asmce bit ede kal ees, Oe cram 

Corsiniin MiGae DOMME 6s) che ciduliok ied ve tires 04S kOe eee 

Magnesium bicarbonate... ee eee ee eds 19.787 grains 

Me Hinin PIMOMEEO, Fic y Cl ces kre eee itv ees ee dhe ey ee 

RTH AN MACAO Uite NNCREUehn ig vec esc atae aul Wed a eta diy y sypade eareuices 

Ne RVR, iy yk a VC hty pot ee cece eke crs DpeOd, Som 

Pcbaseitth WAVINIE er ik Oke hes Cy tay eke Crs, Ce eo gt tae 

iH, ChIORIOE cy kce eer eens Cnc teak ewe tk ca ces hg) ae 

OS THA TUPAC eV ULC Ae N eH Cae eee a Canaan! VCR) i bow ioe eG TOME OG 

PPT et ik UNG, ROME Cee AERATOR cn phate Oe Ahi WN ELOO (ei Swen eae 

Free carbonic acid gas, abundant. 

The analysis shows that the water is a chalybeate and also 
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belongs to the class known as alkaline water. From a medicinal 

standpoint, its most important ingredients are, no doubt, the 

magnesium bi-carbonate, the iron bi-carbonate and the sodium 

sulafte. There are numerous waters in the state that contain 

more magnesium salts than this spring, but very often these are 

mixed with a large quantity of sodium chloride, so that the water is 

really a brine and hence cannot be used as a beverage. 

Iron is held in solution by the excess of carbonic acid gas, so 

that soon after the water is drawn this gas has an opportunity to 

escape and the iron is oxidized and separates out as a yellowish 

powder, and some of the lime carbonate is frequently deposited 

with it. The water is therefore not adapted to shipping away from 

the spring, though possibly, if thoroughly charged with carbonic 

acid gas and kept under pressure, this might be done. 

The quantity of mineral matter is not very large; many of our 

springs and some rivers contain more. The Saline river, for 

instance, contains twice as much mineral matter in solution as this 

spring, but in this river about half of the mineral matter is common 

salt. The Solomon river contains nearly as much mineral matter 

as the Louisville spring, but here, too, there is about forty per 

cent. salt. The water analyzed is decidedly ‘‘ hard” on account 

of the large quantity of calcium carbonate (lime) held in solution, 

but that would be naturally expected where water flows through 

limestone strata as in this case. 

i 





Myology of the Hind Limb of the Raccoon. 
(Procyon lotor.) 

BY) Ry €." GOWRLE, | 

With Plates XIV, XV, and XVI. 

This paper was suggested on noting how much certain muscles 

in specimens of the Raccoon dissected by the author differed from 
the description by Dr. Harrison Allen. (The Muscles of the 
Limbs of the Raccoon, Procyon Jotor, by Harrison Allen, M. D., 
Proc. Acad. Nat. Sci. of Phila,, 1882, pp. 115-144.) These varia- 
tions are of special interest since they occur ina generalized species 
of low intelligence, whose individuals differ little in habits, and 

among which we should expect little variation in structure. Dr. 
Allen’s descriptions were based upon dissections of two female 
faccoons which had probably been in captivity. This may have 

Changed the proportions of certain muscles, but certainly not their 
attachments. My specimens differed little among themselves and ay 
Seemed to present a normal structure judging from other carnivor- 
ous animals; while in some cases Dr. Allen’s arrangement would 
be very remarkable. 

If errors exist in Dr. Allen’s work they may safely be attributed 
to oversight or lack of material. Errors are prone to occur where 

everything depends upon accurate dissection and observation, and 
although much care has been taken in the preparation of this paper 
me author cannot hope that all errors have been avoided. 
: Che material upon which this paper is based consists of an adult 
female raccoon and two very large males. These specimens were 
Procured through the kindness of Mr. J. C. Saunders of Lawrence. 
In most instances only such muscles are considered as seem to 
Present variation or other interesting features. 

Biceps femoris; Plate XIV, Bic., Plate XVI, Fig 7 
I found the arrangement of the biceps femoris to be as follows: 
arises from the lateral aspect of the tuberosity of the ischium 

anc “Khra- Jf , . . . . 
l, spre ading over the lateral surface of the thigh, is inserted by 

4poneurosis from the middle of the thigh half way to the heel; that i 
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is, into the fascia lata, lateral margin of patella, hgamentum patella, 

especially into anterior spine of tibia, and below into anterior 

fascia of the leg. From the deep surface of the biceps near its in- 

sertion a strong aponeurosis passes beneath the tenuissimus to 

join the gastrocnemius at its lower third, but the fibers may be 

traced to the heel. From Dr. Allen’s description it appears that 

with the exception of the slip to the soleus, he found the insertion 

entirely on the patella and head of tibia, it being much more re- 

stricted than in my specimens. ‘The aponeurosis passing to the 

gastrocnemius probably corresponds to the ‘‘slender fascicle” 

described by Dr. Allen and, if so, does not differ greatly. alate 

origin by ‘stout aponeurosis from the spine of the sacrum’ was 

not present in any of my specimens. Sacrum may be a misprint 

for ischium, for I found no origin from the spine of this bone. The 

division of the ischial origin into two portions, in Dr. Allen’s vari- 

ation, was evident in all of the specimens examined, but the parts 

soon joined, 

Tenuissimus; Plate XIV, Ten. 

The muscle is better developed than in the cat. It arises from 

the deep surface of the gluteus maximus and passes to the caudal 

border of the biceps, along the lower fourth of which it descends 

to be inserted into the fascia of the leg below the biceps. In one 

of the males the posterior border of the muscle received at the 

distal third a thin strip from the caudo-tibial division of the semi- 

tendinosus. This muscle, owing to its advantageous insertion, 

materially aids in flexing the leg upon the thigh. 

Semitendinosus; Plate XIV, St., Stc.; Plate XV. St.; Plate XVI, Figs. 6 and 

Gy ot: 

The semitendinosus arises from the postero-lateral portion of 

the tuberosity of the ischium and from caudal vertebra. aians: 

ischial origin envelopes the origin of the biceps behind and is 

slightly joined to that muscle for a short distance. The caudal 

origin is from the transverse processes of the first two caudal ver- 

tebre. The origin from the first is in common with the caudal 

origin of the gluteus maximus and is not as extensive as that from 

the second. ‘This caudal portion passes over the biceps and along 

the anterior border of the ischial part which it joins at the middle 

third. In one-specimen a delicate fascicle passed from the middle 

of the semitendinosus to the tenuissimus (see plate XIV), The in- 

sertion, which is by flat tendon into the middle of the tibial crest 

and by fascia into the mesal surface of the tibia, underlies the 

aponeurotic part of the insertion of the gracilis. Dr. Allen found 
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no vertebral origin of the semitendinosus, nor did I find the origin 
to be in part by a fleshy slip from the biceps. 

Semimembranosus; Plates XIV and XV, Sm.; Plate XVI, Figs. 1, 4, 6 and 

8, Sm, 

This muscle presents little variation. The ‘‘long fusiform slip” 
uniting the two parts, is so closely joined to the ‘ischio-pubio- 
femoral’ part throughout that it may be easily overlooked. - This 
slip arises from the ischium between the origin of the other parts. 

Sartorius; Plate XV, Sart.; Plate XVI, Figs. 6 and 8, Sar 

The sartorius presents a much less extensive insertion than indi- 
cated by Dr. Allen. In no case did I find the insertion extending 
more than an inch below the head of the tibia, that is not more 

than one-fifth the length of that bone, at which point the insertion 

of the gracilis began. 

Gracilis; Plate XV, Grac.; Plate XVI, Figs. 6 and 8, Gr. 

The gracilis is a broad thin muscle covering the posterior half 
of the mesal surface of the thigh. It arises muscularly from the 
whole length of the symphysis pubis, from the descending ramus 
of the pubis and membranously for an inch, in the female half an 
inch, in front of the symphysis. In one of the males there was no 
origin from the descending ramus of the pubis. The insertion is 
coterminous to the insertion of the sartorius and in the same 

plane, it extends to about the middle of the tibia. The upper part 

of the insertion is by a strong direct tendon five-eighths of an inch 

broad, the remainder consists of oblique fibers, from the caudal 

border of this muscle, which overlie the insertion of the semitendi- 

hosus. According to Dr. Allen’s description this muscle must have 
been very different in his specimens. (See p. 135 of his paper.) 

Adductor magnus; Plates XIV and XV, A. M.; Plate XVI, Figs. 1, 3 and 4, 
A. M. 

The adductor magnus was entirely free from the gracilis, instead 
of taking origin in part from the deep surface thereof. The inser- 
tion occupies not only the lower half of the posterior surface of the 
femur, but also a narrow strip extending up to the gluteal ridge. 

Pectineus and Adductor brevis; Plate XV, Pect. and A. Br,; Plate XVI, 
Figs. t and PTW USAT) of ol RP Urge fe 

These muscles, inseparably united, arise from the ilio-pectineal 
line as stated by Dr. Allen. In all of my specimens, however, the 
pectineus and adductor brevis were inserted, not upon the adduc- 
tor longus but upon the femur, by a well defined line mesa/ to the 
insertion of the adductor longus. This line began at the lesser 
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trochanter just mesal to the insertion of the quadratus femoris 

and, bowing outward, extended to the middle of the femur; thus 

the insertion is well separated, especially proximally, from the 
adductor longus. 

Vastus externus; Plate XVI. Figs. 2 and 3, V. E. 

This muscle is much larger than the vastus internus. — It arises 

from the upper half of the shaft of the femur from the antero- 

lateral surface, including the anterior surface of the great trochanter. 

The muscle is tendinous superficially above, and the deep surface 
fuses with the crureus. The muscular fibers converge to the 

lateral margin of the patella and to the lower fourth of the rectus 
femoris. 

Crureus; Plate XVI, Figs. 2, 3 and 4, Cru. 

This muscle is much connected with the vasti, but is, perhaps, 

worthy of individual description. It arises from the anterior sur- 
face of the femur; the area of origin is an irregular triangle, whose 

concave base extends between the supracondylar ridges an inch 

from the condyles.. The origin extends above the middle of the 
shaft and is coterminous proximally with the vastus internus and 
laterally with the vastus externus. The insertion is into the cap- 
sular ligament of the knee and the summit and sides of the patella. 

Although this muscle arises from a large surface it is the smallest 

of the extensor group. 

Soleus; Plates XIV and XV, Sol.; Plate XVI, Figs. 5 and 8, Sol 

I found the soleus to be of medium size, rather flat and narrow, 

being a little more than an inch in breadth in the male raccoons 

and smaller in the female. It was smaller than either head of the 

gastrocnemius, and, of course, much smaller than the whole mus- 
cle. In one of the males the lateral edge of the soleus was fibrous 
and fused with the tendo-Achillis and slip from the biceps for two 

inches above the os calcis. In the other specimens this muscle was 

free to its insertion upon the tendo-Achillis just above the heel. 

Flexor longus digitorum; Plate XV, F. L. D.; Plate XVI, Figs. 5 and8, F 

ioe Dy, 

Besides arising from a narrow strip occupying the proximal half 
or two-thirds of the posterior surface of the tibia, this muscle pre- 

sents an origin from the head of the fibula. The slip from this 
origin passes over the tibialis posticus to join the tibial portion. 

The accessory slips from the long to the short flexors (Plate XV, 

M. S.) presented a variation. Instead of being inserted upon the 

short flexor slips to the first, second and third toes they were in- 
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serted, one on the slip to the third and two on the slip to the fourth 

toe. This arrangement was constant, the little slips presenting no 

variation in number or proportions. The two to the tendon of the 

fourth toe were inserted about one-fourth of an inch apart. 

Tibialis posticus; Plate XVI, Figs. 5 and 8, T. P 

The Tibialis posticus arises from the proximal ends of the tibia 

and fibula, as stated by Dr. Allen, but the origin from the tibia 

extends over half way down the shaft, lying just laterad to the 

origin of the flexor longus digitorum with which it 1s closely con- 

nected. This muscle also arises largely from adjoining fascia, 

especially of the flexor longus hallucis. Its tendon is wholly con- 

cealed by the flexor longus digitorum, in company with which it 

passes through a sheath behind the internal malleolus, but in a 

separate compartment, and is inserted on the plantar surface of 

the scaphoid. 

Peroneus longus; Plate XIV, Per. lon.; Plate XVI, Figs. 5 and 7, P. 1. 

The insertion of this muscle, as given by Dr. Allen, is very dif- 

ferent from what I found. (See p. 139 of his paper.) In my 

specimens the carneous fibers converge to a round tendon. This 

tendon passes through a sheath behind the highest tubercle on the 

external malleolus, and superficial to the tendons of the other 

peroneals, to a loop behind the prominent tubercle on the anterior 

part of the lateral surface of the os calcis. From this point its 

direction corresponds to the long axis of the foot, until it enters 

the deep groove in the anterior part of the plantar surface of the 

cuboid, thence the tendon passes obliquely across the foot to be 

inserted into the outside of the base of the first metatarsal. This 

insertion of the peroneus longus is practically the same as is found 

in man and the cat, and did not vary in the specimens examined 

by the author. 

Peroneus brevis; Plate XIV, Per. Brev.; Plate XVI, Figs. 5, 6 and 7, P. Br. 

The origin of this muscle occupies not only the middle third of 

the fibula but extends nearly to the malleolus. The tendon of 

insertion appears on the lateral surface of the muscle an inch be- 

low the origin, but receives carneous fibers down to the external 

malleolus, where, thick and strong, it passes through a deep groove 

on the posterior surface, thence beneath the peroneus longus, to be 

inserted into the lateral aspect of the base of the fifth metatarsal; 

and in some cases into the dorsal and plantar fascia. 

> aa Peroneus tertius: Plate XIV, Per. Ter.; Plate XVI, Figs. 5 and 7, | 

Che peroneus tertius was not inserted upon the base of the fifth 
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metatarsal but upon the fifth digit at the bases of the first two pha- 

langes, into the outside of the first and dorsum of the second. In 
one specimen a small slip passed to the division of the extensor 

brevis for the fourth toe. 

Extensor longus hallucis; Plate XIV, E. L. H.; Plate XVI, Fig. 6, E. L. H. 

Dr. Allen says: ‘‘This muscle was found in one subject only. It 

arises from the fibula at its upper third.”” This muscle was pres- 

ent in all of my specimens. It arose from the fibula for an inch, 

coterminously with the fibula origin of the tibialis anticus. Pass- 

ing down behind the tibialis anticus it entered the loop with that 

muscle, and, becoming tendinous, wound around to the dorsum of 

the tibialis tendon where it gave a thin slip to be inserted with the 

same, then passed to the dorsum of the first phalanx of the hallux. 

In some cases this muscle was inserted entirely with the tibialis 

anticus and into adjacent fascia, no part going to the hallux. 

Bxtensor brevis digitorum: Plate XIV, E. B. D. 

This muscle consisted of five parts, which were distributed to 

the four inner toes. The slip to the hallux was inserted into the 
first phalanx, outside the extensor longus hallucis. The second 

toe received two slips, which were inserted on the dorsum of the 

second phalanx, in two instances side by side, in the other on each 

side of the long extensor tendon. The remaining slips were in- 

serted on the third and fourth toes, outside the long extensor. 

The position of a short extensor to the fifth toe is occupied by the 

peroneus tertius. 

Lumbricales; Plate XV, Lum. 

The lumbricales vary in number. In one male Raccoon there 

were three, as found by Dr. Allen, but instead of being inserted 

upon the second, third and fourth toes, they went to the third, 

fourth and fifth toes. The insertion was upon the mesal side near 

the base of the first phalanx of each. Some of the tendons could 

be traced to the bone, others were lost on the sheaths of the flexor 

tendons. Inthe other specimens lumbricales passed to the four 

outer toes. These muscles arose at the divergence of the long 

flexor tendons, each muscle arising principally from the tendon to 

its toe. The muscle'to the second toe was most slender, that to 

the fifth shortest and thickest. 

Abductor minimi digiti; Plates XIV and XV, A. M. 

This muscle arises from the plantar and mesal surface of the os 

calcis, just anterior to the insertion of the tendo-Achillis. The 

muscle is thin and flat, overlies .the musculus accesorius, and 

tapers to its insertion at the base of the fifth metatarsal. The ab- 

dutor minimi digiti is not described by Dr. Allen. 





PLATE XIV. 

Plate XTV. Hind limb of the Raccoon, lateral aspect, Biceps 

removed, and dorsum of pes everted. 

Thigh. Sar., Sartorius; T. V. F., Tensor vagine femoris; Gl. 

Max., Gluteus maximus; St. Semitendinosus; St. c., Caudal divis- 

ion of same; Sm. Semimembranosus; Bic., cut origin of Biceps 

femoris; S. n., Sciatic nerve; Ten., Tenuissimus. 

Crus. Pop., Popliteus; E. L. D., Extensor longus digitorum; 

E. L. L., External lateral ligament; Gast., Gastrocnemius; Per. 

lon., Peroneus longus; Bic., Biceps, line of insertion; T. A., 

Tibialis anticus; E. L. D., Extensor longus digitorum; E, L. H., 

Extensor longus hallucis; Sol., Soleus; Per. brev., Peroneus 

brevis; Per. Ter., Peroneus tertius. 

Pee Pele; tH, wtenson dongus: halliciss i. 18\) 1D. Bxtensor 

brevis digitorum; Ac., Accessorius; A. M., Abductor minimi digiti; 

F. B. M. D., Flexor brevis minimi digiti. 
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Plate XV. Wind limb of Raccoon, mesal aspect, Gracilis and 
parts of several muscles removed. 

Thigh. Grac., Origin of Gracilis; Pect. and A. Br., Pectineus 
and Adductor brevis; Ad. L., Adductor longus; Ad. M , Adductor 

magnus; Sm., Semimembranosus; V. Int., Vastus internus; St., 
Semitendinosus; Sart., Sartorius; R. F., Rectus femoris; II, 
Iliacus; Ps., Psoas; Fem. V., Femoral vein; Fem. A., Femoral 

artery; Ex. O., External oblique; Sp. Ch., Spermatic Chord. 
Crus. Gast., Gastrocnemius; Plan., Plantaris; Sol, Soleiien 

Pop., Popliteus; F. L. D., Flexor longus digitorum; F. L. H., 
Flexor longus hallucis; T. A., Tibialis anticus; Grac:, insertion of 
Gracilis; Int. L. L., Internal lateral ligament. 

Fes. FE. B. Di, Mlexor brevis digitorum, cut and reflected: Ay 

M. D., Abductor minimi digiti; Ac., Accessorius; F. B. M. D., 

Flexor brevis minimi digiti; M. S., Muscular slips connecting long 
and short flexor tendons; Lum., Lumbricales, F. B. H., Flexor 

brevis hallucis; E. L. H., Extensor longus hallucis. 
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Plate XV7, Figs. 1 to 4, showing areas of muscular attachment | 
on the Femur: 

Fig. 1, Posterior surface of the Femur. 
Fig. 2, Anterior surface of the Femur. 
Fig. 3, Lateral surface of the Femur. 
Fig. 4, Mesal surface of the Femur. 
Gl. min., Gluteus minimus; Gl. Med., Gluteus medius; Gl. 

Max., Gluteus maximus; Ps. and I., Psoas magnus and Iliacus; 
Qu., Quadratus femoris; P. et A. B., Pectineus and Adductor 
brevis; A. L., Adductor longus; A. Mag., Adductor magnus; Sm. 
Semimembranosus, femoral portion; G. Int. and G. Ext., Internal | 
and external heads of Gastrocnemius. The external head arises in 
common with the Plantarius from a sesamoid. | 

Figs. 5 to 8, showing areas of muscular attachment to Tibia and | 
Fibula: 

Fig. 5, Posterior surface of Tibia and Fibula. 
Fig. 6, Anterior surface of Tibia and Fibula. 
Fig. 7, Lateral surface of Tibia and Fibula. 
Fig. 8, Mesal surface of Tibia and Fibula. 
Sol.;) Soleus; (Ri) hi, eronets longus; Fy 1s) De and’ Dy. bis 

Flexor longus digitorum and Tibialis posticus; P. T. Peroneus 
tertius; FP) abr, Peroneus) brevisy kyl, 2Diy blexor longus digi- 

torum; T. P., Tibialis posticus; F. L. H., Flexor longus hallucis; 
Pop., Popliteus; Sm., Semimembranosus; Sar., Sartorius; Gr., 
Gracilis; St., Semitendinosus; E. L. H. Extensor longus hallucis; 
T. A., Tibialis anticus; Bic., Part of insertion of Biceps. 

| 

| 
| 
| 
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Notes on the Osteology of Bison Antiquus 
Leidy. 

BY ALBAN STEWART. 

With Plate XVID. 

Bison antiquus was first made known by Leidy, who described 
fragmentary remains of a horn core and frontal bone found at Big 
Bone Lick, Kentucky. His description is as follows: ‘‘The speci- 
men is rather too small (a fragment) to determine positively whether 

or not it is a distinct species from Brson Jatifrons. It did not be- 
long to an aged individual, as the suture is still open between the 
frontal bone and that portion of the parietal which forms the upper 
boundry of the temporal fossa. It belongs to a species of Bison, 
as indicated by the advanced position of the horn-core, and resem- 
bles more the corresponding part in Bison priscus of Europe, as 
represented by Cuvier and others, than it does that of Bison lati- 
Jrons. The horn-core is more abruptly conoidal, and relatively 
more curved than in the ‘latter. It is not improbable, however, 
that the fragment may have belonged to the female of Bison Jati- 
Srons.” 

Since the above description was published additional remains 
have proved conclusively that Bison antiguus and Bison latifrons 
are two separate and distinct species. Below are given the cranial 
measurements of Azson antiquus, Bison latifrons, and the specimen 
inthe Kansas University Museum, from which the following de- 
scription is made: 

Bison Bison Kan. Univ. 
antiquus. latifrons. specimen. 

*Distance from mesial plane of occiput to tip of 
UUM ean Mi CME uit vi vihuchisiaulsic Ns blutwvirs, cum seltasaauae 300-470 457 

Distance between Vth Lo hawtoy anlylctobeck: Aner, Benet aie atte 680-920 1932 875 
Distance between bases of horn-cores..........+++ 2957-392 407-430 405 
Least width of forehead (between orbits and horn- 

GORGE HU aie Tce MMA ic DalyiELN Tire 4 ity Rana 290-330 380 346 
Rmeatea width Gf cecipitt, .j. ve cs leche cae ctse. 332 eee 270 
Circumference of horn-core at base,,........ 300-370 = 5 10-520 310 
Fronto-nasal suture to occipital crest, ........... BiB aiden es a’ 269 
Distance between SCS) OW ODES 740i caniniemPN aus Lab) Ua ns Vly 340 

"i *The measurements of Bison antiquus and Bison tatifrons were taken from The Amer- Can Bisons, Allen. 
(127) KAN. UNIV, QUAR., VOL. VI, NO. 8, JULY. 1897, SERIES’ A. 
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Before entering into the description it would be well to give a 

short resume of the history of this animal as given by Allen.”* 

from Big Bone Lick, Kentucky, seems to 

his animal found in that locality, 

been found 

The type specimen 

have been the only remains of t 

although remains belonging to Bison americanus have 

there in abundance-——Prot. N.S. Shaler, in 1869, having collected 

something over a thousand specimens from this locality. 

In 1860 Dr. Leidy figured and described a second premolar 

tooth from South Carolina.} 

belong to this species or to Bison latifrons. 
This specimen may 

metatarsal bone from 
The atlas, fragmentary humerus, tibia and 

are, hardly sufficient to determine accurately to 
Darien, Georgia, 

from the description 
what species this material may belong, but 

ld seem that it belongs to Bison antiquus. 
and measurements it wou 

the two speci- 
Below are given the comparative measurements of 

mens: 
ATLAS. 

Darien + Kas. Univ. 
specimen. specimen, 

Transverse axis of brim of rial Gills rate hho Ma aaa alba Asie 133 139 

GierHCHCOTSaWeeIS OL CUD Vics s sc cu\hne rad tern ¥ ordte Faire eM ween 70 68 

Transverse axis of post articular eR gk) oy TR ee ON A 130 128 

Greatest transverse breadth of POLY elena ih a Wcacatew Malwrelhack 240 232 

Greatest ventro-dorsal breadth of POR COE. igs dinkn do Hepa ance hh Loo 99 

Greatest length near the lateral edge of Wing... 6... secre es 12 118 

Length of centrum, GOPSR SOM hil nea ma mertiiwoinMey eine 9 84 70 

Length of centrum, VOMCPe ABPEOV iy wikis vale 4 wit wont Ne wee 59 60 

METATARSAL. 

Greatest lemethey oi wevs epee kien e wlobina se Wiens Fine oon ee Faust. 204 270 

Greatest transverse diameter of DIORA ENC hie wel vay HyK 65 68 

Greatest antero-posterior diameter Ot PLORMMANENC is. 44 es 62 64.5 

Transverse diameter of shaft 3.5 in. from yenafo> than} (combs in 44 45 

Antero-posterior diameter of shaft 3.5 in. from proximal end. . 44 44.5 

Circumference of shaft 3.5 in. from proximal end... oi)... 145 44 

The above remains, with those in the museum here and one 

skull, now in the possession of a-high school in Illinois, and of 

which a cut of the posterior view is given from a photograph fur- 

nished through the kindness of Mr. W. L. Brayton, are all the 

remains of this species that I know of as having been found east 

of the Rocky Mountains. } 

Abundance of these remains have been found in Alaska from 

schholtz Bay and the valley and tributaries of the Yukon river, 

*The American Bisons. Living and Extinct. 

+Holmes’ Post-Pliocene Fossils of South Carolina, p. 109, Dlx wale 

+L have rec ( 

part of the Saline river in Kansas.--S. W. Williston. 
ently examined a portion of a cranium of this species found on the upper 

| 

a 

| 
| 
| 
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two collections having been made from the first of these localities 
and described by Sir John Richardson in the Zoology of the Voy- 
age of the Herald. Some of these remains had not entirely lost 
their animal matter, the horns still covering the horn-cores in some 
Instances. The second of these «localities has furnished frag- 
mentary remains of bison, represented in the collections of the 

National Museum and the California Academy of Sciences. The 
remains are more or less abundant in these localities, as, miners 
often bring down horn-cores and other fragments when coming 

from the. interior. In California the remains have been found in 
various places, associated with the bones of JA/astodon, Lilephas, 

Tapirus, and Eguus. In Oregon a specimen of a phalangeal bone 
was described by Dr. Perkins, which probably belongs to this 
species, 

From the above it may be seen that remains of Aison antiquus 
have been found in Georgia, South Carolina,(?) Kentucky, Califor- 
mia, Oregon, Kansas, and Alaska, showing that the animal had a 
Tange over the greater part of North America. It was cotemporary 
with the Mammoth, Mastodon, and with man, asa small but well 
fashioned arrow-head was found by Mr. H. T. Martin, associated 
with the specimen now in the Kansas University Museum. 

Skull, 

The skull, when compared with Bison americanus and Bos taurus, 
Presents numerous points of difference. The skull as a whole is 
Much larger and more tapering toward the extremity, the horn- ae are proportionally longer, larger and less recurved than in 
Bison americanus, the orbits are more protruding and the pre-max- 
illee are longer and narrower. Examined in detail the following 
Points of difference are noted: 

Occipital, 

All of the occipital elements have become united in this speci- 

nen, forming one bone. The ex- and supra-occipitals form the back 
all of the cranium, and when compared with the two recent 

forms EN : ; 3 
rms mentioned above, many points of difference are ob- 

poeyed. It is broader and proportionally lower than in either 

of the recent forms, and the two lateral halves are separated by 

@ median carina which is present in the recent Bos, but not 
SO well marked as in this species. This carina ends superiorly in 

~ Fugose-like swelling, which is much more prominent than in 
Bison americanus, for the attachment of the ligamentum nuche. The 
two later; : . A and ‘ 

lateral halves, instead of being nearly flat as in Bos faurus, are 
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quite deeply concave and the lambdoid crest is overhanging, the 

occiput, a character not found in Bos. The ex-occipital element is 

strongly convex just above the condyles. The condyles are more 

obliquely set than in Bison americanus, and although the animal was 

much larger in every respect, yet the size of the foramen magnum 

is proportionally less than in the recent bison. The inter-condyloid 

notch is also proportionally broader in the recent form, the articu- 

lar portions are regularly convex, the superior and inferior portions 

of each condyle insensibly grading into each other without being 

separated by the sharp ridge found at this point in Bos ¢aurus. 

The basilar portion is more horizontally situated, and does not 

have the rugose knob-like projections just anterior to the condyles, ' 

so prominently marked as in Bison americanus. The par-occipital 

processes are firmly co-ossified with the mastoid portion of the 

periotic, are proportionally more slender and directed more inward 

than in either of recent forms mentioned above, and the, external 

border is not so sharp as in Los taurus. 

Skull of Bison antiquus, front view. 

Sphenoid. 

The basi-sphenoid is shorter and more tapering than the basi- 

occipital; from the point of junction with this bone it is directed 

forward, but not so sharply upward as in Bison americanus. The 

| 
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pre-sphenoid portion is not so sharply keeled as in Bos /aurus, nor is 
the deep sharp groove, just posterior to this portion, so prominent 
as in the species just mentioned. The orbito- and allisphenoids are 
not sufficiently well preserved to determine their characters or give 
comparisons with the recent forms. 

Periotic. 

The mastoid portion is broad and wedged in between the squa- 
mosals and ex oceipitals as in both of the recent forms mentioned. 

The superior portion, which forms the floor of the temporal fossa, 
is directed more outward than in Bison americanus, and the ridge, 

which extends along the external border and represents the lower 
continuation of the lambdoid crest, is not so sharp as in the recent 

ox, but is more rounded and roughened for ligamentary attachment 
as in Bison americanus. The tubercle, just above the meatus audi- 

torus externus, which is so prominentin Bos, has become much less 
marked and is somewhat roughened as in the recent bison. The 

anterior portion, just external to the glenoid cavity, is much more 

concave, but does not project downward so strongly as in wees; OT 

does the internal portion project outward to form a pit for the 
hyoid bone. 

The tympanic is much inflated from before backward and is 

more closely applied to the basi-occipital than in Aes, causing the 

external openings of the carotid canal and lacerated foramen to be 

very much compressed. The anterior styliform process is very 

short, even more so than in Bison americanus. 

Squamosal 

So far as can be determined the squamosals are very similar to 

the corresponding portions of the two species with which it was 
compared, except that the glenoid cavity is not so flat and the post- 

glenoid foramen is more laterally situated than in Aoy. 

Jugal. 

The posterior portions of the jugals are not preserved, but they 
were probably long and slender and extended almost to the glenoid 

Cavity as in both of the recent forms. The anterior orbital portion 

is more strongly projected outward and overhanging the face than 
in either of the forms mentioned, and the rim is much roughened 

for muscular attachment. The infra-orbital ridge, which is so well 
marked in both of the recent forms, is not present in this species. 

Frontals 

Che facial portion presents many points of difference when com 
bared with Bos taurus, but in most respects it 1s very similar to the 

\ 
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corresponding portion of Bison americanus. This portion is more 
convex and the frontal eminences are more strongly marked than 

in Bos. The orbital portions are much more strongly projected 

laterally, and more roughened for muscular attachment than in 

either of the recent forms mentioned; the posterior portions are 

much broader than in Bos. The ridges, connecting the orbits with 

the bases of the horn-cores and separating the facial from the tem- 

poral portion, are not present, the two parts gradually rounding 

into each other. This ridge is strongly marked in os, while in 

Bison americanus it 1s only slightly developed or absent altogether. 

The horn-cores are proportionally longer and more robust than in 

the last mentioned species, and are directed less strongly upward 

and backward. When compared with os a marked difference in 

the position of the horn-cores is at once noticed. In this genus the 

horn-cores are situated far back and occupy the posterior angles of 

the frontals, while in the bison they are situated just over the root 
of the zygoma and are separated from the posterior portion of the 

skull by the anterior wings of the parietals. The anterior surface 
of the frontals is slightly more convex than in Bison americanus; in 

the ox this portion is slightly concave. The fronto-nasal suture is 
situated farther forward, and the lateral portions forming the nasal 
notch are not so sloping as in the ox. The venous foramina, sit- 

uated above and slightly posterior to the orbits and leading into the 

frontal sinuses, are present in all of the three forms, but are less 

numerous in the ox than in the two species of bison undex consid- 

eration. The supra-orbital notch is not present in Bison antiguus. 

Nasals. 

The nasals are more anteriorly projected than in Bison americanus, 

and are proportionally broader and less arched than in Bos /aurus. 

There seems to be no articulation with the maxilla, but on account 

of the damaged condition of the specimen in this region, this point 

cannot be accurately determined; in the ox this articulation is very 

long. 

Parietals. 

The parietals differ in but few points from the corresponding 

portion of Bison americanus. The parietal eminences are broader 

and more swollen than in this species, and the swelling invades the 

frontals somewhat anteriorly. The notch found at the superior 

portion of the temporal fossa and formed by the anterior wing and 
the inferior periotic portion of the parietals, is more acute than in 

Bison americanus. In the ox the anterior wings are more vertically 

placed than in the two species of bison mentioned. In the ox 
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d f ‘ (as i 1e bison 
the superior portion does not invade the con baie: " ets a 

Bot is. blnicat horizontally situated and forms with the 
Well rounded crest with which it is anchylosed. 

Lachrymal. ; ‘incipal points from that of the 
The lachrymal differs in but two ert ches i fs iteralle atu recent bison. The orbital portion is more Sc ah : is cc the 

toughened on the rim, and there is a ia ii eran 5 
Superior border which slightly invades the frontal. 
Premaxilla. 

sigh dates anes l 
anaes premaxillve are much more narrow LACORS Re. 

than in Bison americanus, and in this lies plete ti erin Si tte is 
Gliaracters of this:form.. Te anterior portion at ay sym] ae Rent Bisader thd before backward than in si ee ze The ee tr oi itios are well rounded and united at the sj a te character which does not occur in any of the recent bison skull: 
which I have examined. The vomer is not preserved. 
Maxilla, 

‘ i ; ' The maxilles are very similar to the corresponding _ - = 
HeGent bison, The superior portion is slightly epi ate ieeai uated than in the form just mentioned. The niger ate ates 
ing the anterior part from the zygomatic fossa, * ee oe er 
and the two portions more blended than in the ite wae in ia 
the anterior portion is more prominent and vag Be lB ee 
directed more upward than in this species. I He seein een ee 
Men dg alec slightly more anterior in position, 2 amnrnRiy ede 
Position of this foramen in the ox. The er eaa 3 coe re 
ridges is less than in the recent bison, making the face propo 
ally narrower, 

Mandible, 
‘ ais andible of this species 

The principal point distinguishing the mandible from that of the 
zontal ramus. 

recent bison is the long and gently sloping ck 
This portion is also less closely applied : a im 

molar than in the two recent forms with which it is cas 
The condyles are not bifurcate as in the ox,:and the os ere ah 
more curved backward over the root of the zygoma than 1 ‘ 

1 ris so rounded, and the form, The lower portion of the body is not so rou 

1 > diastema is not so sharply ridge along the superior border of the diastema i 
defined as in the ox and recent bison. 
Dentition ) 

| 1 iffer in s Ww ints from those of 
The teeth of Bison antiquus differ in so few points f 

cis » dentition is un- 

iis, americanus that a detailed descr iption of the den necessary, 
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MEASUREMENTS OF SKULL. 

Bison 
antiquus. 

Median plane of occiput to extremity of premaxillaries, 633 

Median plane of occiput to tip of nasals.... eG Viele sheih 34 

Anterior rim of orbit to tip of nasals.. 248 

Gheateat ciamioter Ch Or bit fi: sis savour or dowlte’ ohed 74 

Anterior rim of orbit to tip of horn-core,... 475 

Breadely aCross/OCOipital COmClm lem at ily a cieton ly, ww ute osha vena (ate 147 

Height of foramen magnum 40 

Breadth of foramen magnum........ 45 

Distance between tips of paroccipital processes............. T14 

External auditory meatus to posterior PLM OMEN ales aie 200 

Inter-condylloid notch to base of last molar,........... bi aoe 

Dine ier’ Geroes last TICE ee eT ware y ice elind ev'9 122 

Diameter across first premolars...... 90 

Length of superior dental series 155 

First premolar to tip of premaxillari 176 

Diameter across premaxillaries four centimeters from tip... . 72 

Transverse diameter of external nares 

Mandible; Comdyiesto: Tirst: PremOleny wisi evn vaewatn oneal 

Mandible, condyle to base of last molar......... 

Mandible, diameter acrodscOticiylesiy bay viii c ei nce eae aces 

Mandible, length of inferior dental series...... eae a iliy 

Mandible, length of diastema.... 

Mandible, depth of SYRUP MRL Ema dicen «mie homie eh maa 

Mandible, depth of ramus at base of third premolar... 

SKELETON. 

Bison 
americanus. 

54 

we uw 

The differences in the remaining parts of the skeleton of the two 

species of Bison are not sufficient to warrant description, but to 

show the difference in size of the two species measurements of 

some of the principal parts are given below. 

Bison 
antiquus, 

Fer pss VOM EM whe bewiil winter wicentiert te om Mig eye GORCATeART Frei Nason a 407 

Humerus, longitudinal diameter of head ii. ee 106 

Humerus, transverse diametér of head........ 0.0. cc ee eee 88.5 

Humerus, diameter across condyles, anterior,............- 107 

Ulna-radius, length from posterior tip of olecranon,........ 490 

Ulina-radiis) lengthy trom) sigmoid motel is wi die vce vip. 8 353 

Ulna-radius, length of sigmoid notch.,........ aR Mee wal ier 58 

Ulnha-radius, greatest breadth of olecranon 0. es 99 

Ulna-radius, transverse diameter of proximal end.......... 102 

Mietacer ell,” Lema TMi siti ieany oe tuiend site ‘ayy woke piled Uy hai mniaia \ellbiursby Wy 221 

Metacarpal, diameter across proximal nia ROCA ER Aa aS Da 85 

Metacarpal, diameter across distal end). i. iii es 

*Kstimated 

Bison 
americanus 

272 

86 

82.5 

35 
412 

316 
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*Estimated. 

Bison Bison 
antiquus. americanus. 

Second digit, length of POOKIE MALAI WW suai utah tea 60.5 61 

Second digit, Ikchnk- ilk xoyret-| Tero} nku batyojfel HC shnb 4) tae: carrot e ae ul Uheetiig a 41 38 
Second UTR Mom Erk Oe CUMULEL Ly tavla we nic vane Ca MUnRIINY bysary div ul a ght 73.5 74 

Third digit, length of Ortop aun HE ott ML: hab. caw aiae area Ecos uty Hera 69 62.5 

Third digit, length of second pint tl hab Aurea EeEAE Neen ey la 48 38 

Third digit, WK halrmautagy ali ni (hi AA POO Na Rae Rae i a ea NL 80 61 

HIND . LIMB‘ 

Pelvis, antero-inferior spine of ilium to posterior part of ischium 595% 505 
Pelvis, greatest transverse diameter of ilium...6..1.. 0.0505 282 244 

Pelvis, center of acetabulum to antero-superior spine of iliam  272* 255 
Pelvis, longitudinal diameter of acetabulum................ 89 78 

Femur, I Fol/- nit RAE Ao ae np AL ai AR eM MF RTA Haut A ber ME 502 423 
Femur, diameter across ¢rochanter HIOR a ce es 175 14 
Femur, greatest diameter of head....0.c.ssecsccceveccees 67 
Femur, transverse diameter across CONG WIS, .. 04 ve Re ay 133 116 

AST) AUC hay ies Roa es erro Ra RN RR Cnn 401 382 
Tibia, transverse diameter of jonigey ahaut UME s0ls Pea oeGien an) homie nN r4i 113 

Tibia, transverse diameter of distal end.........cecceesees 87 69 

erm Wi fh, oS NTs sea 175 154 
Calcaneum, diameter across sustentaculum...).........005 54 44 

Astragalus, external IN ai a ol AR HN NU gS A BR 89 UE. 

Astragalus, internal lengthy oy 0% PENCE 80 72 
Astragalus, diameter across Promina COMUylOR yy yew 63 50.5 

Astragalus, diameter across distal DOMICILE Gwin win Penh uta’ 59 no 
Naviculo-cuboid, longitudinal diameter at beak............. 55 47 
Naviculo-cuboid, LV AMLS VOTH CUBEMO LOLS ci duce aon yt kets eshin vuacrveaquete 77 65.5 

RE OD uty cas Caen N uae pga wean 270 240 
Metatarsal, diameter across POMUMEL SHC Niece Hine a> 65 57 

Metatarsal, diameter across CSTR GUCL Wil gy CAN Are vinolucti erin 8 66 

Second digit, HRhaum itd Lohisiohsap abnakelle geinksltshub.epegen Wale ver arn ny ir ey 72.5 61 

Second digit, length of second phalanx.......... i Cahasanaty 15 39 
Second digit, IK<pali-a also id inh qd) Peet Hapa mM EPR AMY EE nO onli 49 62.5 

Second digit, transverse diameter of ungual, posterior,..... 33 20 
Third digit, length of proximal phalanx............¢00000: 70 63.5 
hird digit, length of second pink: hab: cena Mca ARS CIMLE NI ict 48 40 

Third digit, length of I Pais ve lat nebo gre ROU AN bah etted a 65 62 

Vhird digit, transverse diameter of ungual, posterior........ 30 







| 

Plate XL L: 

Illinois. Fig. 2, side view of skull in Kansas University Museum. 

Pla By SW LL, 

Fig. 1, posterior view of skull in high school in 
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New Species of the Syrphid Genera J/iro- 
gaster Macq. and Ceria Fabr., with Notes. 

BY PAUL HUGO ISIDOR KAHL. 

Mixogaster breviventris, n. sp. 

Black and blackish brown, variegated with yellow bands, black 
and yellow pubescent; antenne much elongated, the third joint 
harrowed in its’ middle, two and a half times as long as the first 
one; abdomen narrowed at base, short-pedunculate; wings anteri- 
Orly brown, posteriorly greyish hyaline; the fourth vein sends a 
Short vein into the first posterior cell. Length ro mm., length of 
wing 8 mm. 

Female. Shining, especially conspicuous on pleure, sternum 
and: coxa, Face sparsely covered with yellow pubescence, not 
Projecting more at oral margin than at the antenna, gently convex, 
at the insertion of the antenne not protuberant; yellow with a 
large, blackish brown, longitudinal median spot, which is gradually 
dilated {rom base of antenne to the lower third of the face, thence 
Contracted to a somewhat acute angle, not quite reaching the oral 
Margin, the spot is black along its middle; across the cheek from 
the eye to the oral margin a blackish band, behind it a yellow 
Patch, tl 

with the yellow of the posterior oral margin; the sides of the lower 
half of the 

linly covered with whitish yellow pollen and connected 

face with an extremely short, light-yellow pubescence. Front immediately above the antenna with a broad, almost black, tah Grays band, reaching the eyes and two-thirds of the distance Detyeen bass of antenne and anterior ocellus; above this band there is q yellow, scarcely narrower one, reaching the eyes and en- PTORICHINEG Lipon the vertex we far as the posterior ocelli; below the 
yellow band the 
the p] 
Picea short distance as a well marked arcuate line, reaching the 
Cye; the surf 
mmiediately 

Ing, of brown color, not black like the rest of the crossband. 

front is very slightly depressed; on the sides of 
ack crossband a broad impression, which is continued on the 

ace of the sides of front uneven, somewhat wrinkled: 
above the antenne the surface is smooth, more shin 

(187) KAN. UNIV. QUAR., VOL. VI, NO. 3, JULY. 1897, SERTES A 
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Vertex behind the yellow frontal crossband black, including the 

ocellar tubercle, which consists merely of a slightly elevated ring 

with the space between the ocelli somewhat concave, by no means 

convex; behind the ocellia slightly elevated tubercle; front sparsely 

provided with short, erect fuscous pile on the black band, some- 

what lighter on the yellow one; on the vertex the pilosity 1s fus- 

cous, yellowish at the occiput, more abundant and longer than that 

of the front. Occiput black, sparsely yellowish pilose above, at 

the middle with short, at the lower part with longer, sparse whitish 

yellow pile; superiorly very thinly yellowish pollinose, at the mid- 

dle of each side a large, distinct, white pollinose patch. Proboscis 

yellow. Antenne with the first joint yellowish brown beneath, a 

little darker above, its length about the same as the distance be- 

tween its extreme base and the anterior ocellus, its vertical width 

at apex fully one and a half times greater than that of base, above 

and beneath with blackish pubescence; the second joint very short, 

brown, at base darker, scarcely broader than the apex of the first, 

but at least five times shorter than that joint; third joint thickened, 

much elongated, fully two and a half times as long as the first one, 

narrowed in its middle, dark brown; the arista, situated near the 

base of the third joint, yellowish brown, its extreme base black, 

not reaching as far as the apex of that joint. Eyes bare; the inner 

orbits almost parallel and rather broadly separated. Thorax black, 

the broad lateral border of mesonotum to the scutellum, including 

humeri, mesopleure, upper part of sternopleure, upper part of 

hypopleure and most of metapleura, pale yellow; the yellow of 

the pleura forms a broad, semicircular band, interrupted only at 

the posterior side of sternopleure by a narrow black stripe con- 

necting the black of pteropleure with that of the sternum. Scu- 

tellum short, considerably convex, translucent, pale yellow, the 

extreme base and a dot on lower lateral angle brownish; the fur- 

row between mesonotum and scutellum deep. Abdomen short, a 

little wider than thorax, blackish brown; first segment rectangular, 

three times as short as its width, the latter about the same as the 

distance between the eyes on vertex (not wider), above yellow with 

a narrow brown, basal band, not quite reaching lateral margin; 

second segment short, as long as the third, its lateral outline seen 

from above slightly concave before the middle; first and base ot 

second segments form together a very short peduncle; third and 

fourth segments of equal width, the fourth hardly longer; fifth as 

long as the third, its distal end only half as wide as its base; the 

whole posterior margin of second, third, fourth and fifth dorsal 
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Segments broadly bordered with yellow, that of the second of equal 
width throughout, that of the third, and a little more so of the 
fourth, slightly widening at sides, that of the fifth considerably 
dilated laterally as far as the middle of the segment; ventral seg 
ments blackish brown, the first one yellow with a brown patch in 
its middle, the four following segments with posterior margins nar- 
rowly yellow, obsolete on the fifth, base of second also with a 
narrow yellow, transverse band not reaching the lateral margin; 
Ovipositor dark brown, its two oval apendices reddish brown, To 
the naked eye the whole insect appears almost bare, and its ground 
color is in no way concealed by the minute pubescence. Mesono- 
tum rather densely, scutellum very sparsely, the whole blackish 
portion of second and third dorsal, fourth dorsal at base and sides, 
fifth dorsal at the extreme base only and the blackish portions of 
ventral segments, provided with minute blackish brown pubescence; 
the posterior yellow margins of dorsal and ventral segments with 
yellow pubescence, extending on the fourth dorsal to the middle of 
the: black portion, on the fifth dorsal it extends almost over the 

whole segment; on the sides of the first segment and on the ovi- 
Positor the pubescence is longer and yellowish. Legs rufous, 
cox black, middle and hind trochanters, apical two-thirds of 
hind. femora, dark brown, basal two-thirds of all the tibie pale 
yellow; the pubescence yellow; hind femora not unusually thick- 
ened and the hind metatarsi moderately dilated. Halteres brown 
with yellow knob. Wings brownish anteriorly, greyish hyaline pos- 
teriorly; the brownish color is limited behind by the first, by the spu 
Tlous as far as the anterior crossvein and by the third veins; apex of 
the sub-marginal cell is, however, greyish; besidesasmall spot across 
the greyish hyaline portion at the outer third of the first basal cell, 
On veins at base of first and last posterior and discal cells, on vein 

closing the discal cell, and faintly along fifth vein in the second 
basal cell, brownish; veins dark brown, somewhat reddish brown 
at base of wing; posterior angle of first posterior cell less than a. 

tight one, the vein closing the same cell almost straight and rec 
tangular with the third vein, sending no stump of a vein inwards, 
but there is merely an indication of a fuscous dot a little above the 
middle: posterior crossvein bent inwards, making each outer angle 
of discal cell much less than a right one, and immediately before 
the Same crossvein the fourth vein sends a short stump of a vein 
into the first posterior cell; from the posterior angles of the first 
Posterior and discal cells a similar stump of a vein outwards; ante- 
Nor crossvein situated not more than twice its length from base of 
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discal cell; the vein closing the anal cell almost straight; the little 

crossvein, connecting the auxiliary vein before its apex with the | 

first longitudinal vein, present. 

A single female specimen from Lawrence, Kansas, captured by 

the writer July 4, 1894. It was resting on leaf of Cowaolvulus 
| sepium L, ; 

| ‘ fasily distinguished from the previously described species by the 

| short and at distal end broader second abdominal segment, the 

much elongate, in its middle narrowed, third antennal joint (like 

that of Microdon variegatus Walker, Ins. Saund. Dipt., p. 220, pl. 

vi, fig. 6; and AZicrodnn pachystylum Williston, Synops. N. Am, H 

Syrph., p. 8), and the venation of the wings. Notwithstanding the 1’ 

shortness of the second abdominal segment, the pedunculate base | 

of abdomen, though short, and the general appearance will place 4 

this species in the genus AZixogasier. I have before me males and 

females of MZixog. conopsoides Macq. from Brazil (Dr. Williston’s ! 

i collection), in which the second segment of the female abdomen is ! 

i broader than that of the male, only a little longer than the third 

and its distal end as broad as base or distal end of that segment. 

That Macquart (Diptéres Exotiques, II, 2, p. 14, tab. 3, fig. 1), 

4 when drawing up the generic characters, had before him a male, 

and not a female as is stated, is unmistakably shown from his des- 
cription of the fifth abdominal segment: ‘cinqui¢me court et arrondi 

a l’extrémite.”’ 

PREVIOUSLY DESCRIBED SPECIES. 

M. conopsoides Macquart, Dipteres Exotiques, II, 2, p. 14, tab. 3, 

fig. 1 (Extraits des Mémoires...de Lille, 1841);—Rio de 

| Janeiro. Type of the genus. About the sex see remarks 

i above.-—— Williston, Diptera Brasiliana, Trans. Amer. Entom. 

| SOG OV; hi 57: 

| * M. mexicanus Macquart, Dipt. Exot., 18 Suppl.) p.123) tab. 10, 

fig. 15 (Extr. des. Mém...de Lille, 1844) — Mexico, female. 

Williston, Biol! Centr: Amer) Dip Vol Th Deen rson, 

Omilteme in Guerrero 8,000 feet, Chilpancingo 4,600 

feet (H. H. Smith). Two male specimens (Dr.. Williston’s 

collection), bearing the labels Omilteme, Guerrero, 8,000 

ft., July; H. H. Smith, differ so greatly from Macquart’s des- 

cription and figure, that they would be considered a different 

species, were it safe to rely upon Macquart. Antenne not 

longer than front and vertex together (Macq. fig. with much 

elongated); face with a large, oblong, blackish brown spot 

from base of antenne to oral margin; front and vertex black, 
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upper half of the former yellow (forming a transverse band), 
the latter in one specimen with an inconspicuous post-ocellar 
dot yellow (Macquart’s female has: ‘‘ Face jaune, sans bande 
noire. Front fauve; une tache noire a l’insertion des antennes 
et une petite protubérance noire au milieu”); scutellum yellow 
with brown base and a black spot on each lower angle (Macq., 

’ ‘*écusson fauve’’), coxe, trochanters, femora (except the rufous 

knees) and the tibia (except the pale almost white basal half 
of the middle and hind and the basal fourth of the front ones) 

blackish brown; tarsi dark brown, pulvilli rufous (Macquart’s 

diagnose, ‘‘ Pedibus rufis’’). 

M, aphritinus Thomson, Kongliga Svenska fregatten Eugenies 
Resa omkring Jorden, Vetenskap!]. Iakttagelser, Diptera, p. 

491; 1869.—-Sidney (Australia), male. 
M. bellula Williston, Biologia Centrali-Americana, Dipt., Vol. III, 

Pst); tab. 1, fig. 1, ta, tb; 1891.—-Mexico, male. 

M. dimidiata Giglio-Tos, Diagnosi di nuove specie di Ditteri, VI. 

Sirfidi del Messico, in Boll. Mus. Zool. Anat. comp. R. Univ. 
di Torino, Vol. VII, no 123, 1892;—Id., Ditteri del Messico, 

Parte I, p. 33, tav. I, fig. 9, ga (Estr. dalle Memorie della 

Reale Accademia delle Scienze di Torino, Serie II, Tom. 

XLII. 1892.)—Tuxpango, female. This species is distin 
guished by the extraordinary, arcuate impression of the face. 

Ceria Willistoni, n. sp. 

Syn. Certa stgnifera Williston (non Loew), Synops. N. Am. Syrph., p. 262. 

Black with yellow markings; face with a large, sagittate, black 
Spot; antenniferous process of front almost obsolete; second joint 
of antenne about half as long as the third; last section of third 
longitudinal vein appendiculate and slightly angulate; second ab- 
dominal segment much contracted at base; fifth segment black, not 

at all pollinose. Length about 13.5 mm., length of wing 9.5 mm. 

Female. Shining, except the upper three-fourths of front, the 
black of mesonotum and the sternum, which are opaque; the black 
of abdomen a little shining only. ‘The perpendicular face, which 
has a very slight impression at the middle and below a hardly 
noticeable tubercle, yellow, in the middle with a large black sagit- 
tate spot, the broadly rounded apex of which rests on the oral 
Margin and its base narrowly connected with the broad black field 
below the antennae; this black field extends transversely to the 
orbit of the eye, separating the yellow of the face from a small 
yellow somewhat triangular spot situated at the orbit of the eye 
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and opposite the base of antenne; from the antenniferous process 

to the middle of the sagittate spot a yellowish line, very narrow 

above, widening below. Cheeks broadly black with an abbrevi- 

ated yellow stripe from the inferior orbit of the eye. Front black, 

broadly connected with the black below the antenna; a little below 

the middle two small, narrowly separated, reddish brown, trans- 

verse spots; the opaque portion of the front thinly white pollinose, 

seen in certain lights only and most conspicuously at the orbit of 

the eye. Vertex reddish brown, behind the ocelli with two yellow 

dots placed in a transverse line; the vertex and the sides of front 

below thinly provided with yellowish pile. Occiput black, thinly 

white pilose and white pollinose, the latter conspicuous along the 

orbit of the eye only. Antenniferous process very little projecting 

above, wholly obsolete below, brownish yellow. Antennz black, 

the basal two-thirds of the first joint reddish brown; the first joimt 

slender, scarcely longer than the third and its style together or 

about as long as the front tibia; the second joint scarcely more 

than half as long as the third. Thorax black with inconspicuous, 

very minute, brownish pubescence on mesonotum; humeral callus, 

an oblique, oval spot on presutural depression, an elongate spot 

on mesopleure along the mesopleural suture and below it an oval 

oblique spot on sternopleura along the posterior end of the sterno- 

pleural suture, yellowish; on each side of mesonotum a reddish 

brown, from above seen outwardly arched stripe, beginning a little 

in front of the scutellar ridge and extending to the transverse 

suture; along the middle of mesonotum in front two parallel, nar- 

row, yellowish pollinose stripes, not quite reaching the anterior 

border, but cach one terminating in a transverse, yellowish pol- 

linose spot on the transverse suture, behind which the stripes are 

faintly visible; the black ground color is concealed by the pollen 

of those stripes; sternum very thinly whitish pollinose. Scutellum 

reddish brown, towards the sides yellowish brown, the extreme 

base and lateral angles black, the posterior margin narrowly brown. 

Abdomen above black, much contracted at the base of the second 

segment, provided with short, appressed yellowish pubescence, 

that of the sides of the first segment longer, erect and whitish; the 

eround color is not at all concealed by the pubescence; second 

segment as long as the third, with a small yellow basal spot.on 

each side; each one of the second and third segments on the pos- 

terior margin with a yellow band of equal width throughout and 

reaching the lateral margin, the band of the second segment a little 

broader; on the posterior margin of the fourth segment .a narrower 
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yellow band with its anterior outline convex and not reaching the 
lateral margin; on each side of the third and fourth segments a 
somewhat V or U-shaped, yellowish pollinose mark, concealing the 
black ground color, both its branches diverging and not reaching 
the preceding segment, the inner branch of one mark converging 
with that of the other; fifth segment wholly black, not at all polli- 
nose, the sparse pubescence, mixed yellowish and blackish, in no 
way concealing the ground color; the ventral segments black, pos- 
teriorly margined with pale yellow on the second, third and fourth 
Segments, very narrowly on the fourth. broadest on the second, 
thinly provided with whitish pubescence. Legs dark reddish 
brown; coxe black, brownish at tip; all trochanters, the extreme 
base of the front and middle femora, the base of the hind ones 
broadly, the knees, the base of all the tibia, broadly on the middle 
and hind ones, and the two basal joints of the middle tarsi, yellow- 
ish; the color at base of tibia pale; the third and fourth joints of 
the front and middle tarsi, and the four distal joints of the hind 
Ones, blackish; basal half of the front femora black: hind side 
of middle femora fringed with whitish hairs; the distal half of the 
femora beneath with two rows of minute black spines, most 
Conspicuous on the hind, least on the front ones; hind femora 
thickened, but not more so in the middle. Halteres and tegule 
yellowish. Wings with the anterior half brown, the posterior one 
hyaline; the brown is limited posteriorly by the fourth vein at base, 
and by the spurious vein to very little beyond the anterior crossvein, 
Wherefrom the brown extends with the outline concave to the third 
vein, narrowly bordering it posteriorly a short distance before the 
Stump of a vein, which it follows exteriorly, thereafter rather 
broadly bordering the third vein posteriorly with its outline diverg- 
ing from that vein; the extreme margin of the wing immediately 
beyond the apex of the third vein is, however, greyish hyaline, not 
brown; at base of the wing the color is yellowish; the cells in the 
brown field are somewhat lighter along their middle. The veins 
sinha dark brown, at the base of the wing and the portion of the fifth 
vein. between second basal and anal cells yellowish brown; this 
Portion of the fifth vein is anteriorly and posteriorly bordered with 
yellowish brown, which encroaches upon the extreme base of the 
third Posterior cell; last section of the third vein forms before its 
middle a very slight angle, wherefrom a short vein projects into the 
first posterior cell. 

Three female specimens captured by the writer at Lawrence, 
Kansas. Dedicated to my learned friend, the eminent dipterolo- 
Sist, Dr. S. W. Williston, of Kansas State University. 
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The specimen, from which the description is drawn, was captured 

on flowers of Rubus May 18, 1895. Of the other two, one was 
captured May 23, 1896, the other May 16, 1897; the former ‘has 

the brown color of wings more even throughout; on each side of 

the second abdominal segment at base between the lateral yellow 

spot and the black dorsal middle the color is dark reddish brown; 

the latter with the impression of the face more conspicuous; both 

are more robust, first joint of antenna blackened at the extreme 

apex only, scutellum with disk yellow, not reddish or brownish 

(the yellow ground color may change after death to yellowish or 

reddish brown); all three specimens belong, however, to the same 

species. 

To Certa Williston’, n. sp. I refer Certa signifera described by 

Williston in his Synopsis of N. Amer. Syrphide, 1886, p. 262. 

Williston writes: ‘‘One male specimen from Professor Riley’s col- 

lection (Florida), and three females in the Loew type collection 

from Texas (Boll), bearing the label ‘signifera?’ in Loew’s writ- 

ing. I find discrepancies in the original description which make 

me doubt that this determination is the correct one.” The speci- 

mens from Texas, included under C. signifera Loew in the Catal. 

N. Amer. Diptera, 1878, p. 139, by Osten Sacken, are also referred 

to C. Willistoni n. sp., as being the same ones that Professor Wil- 

liston examined in the Loew type collection of the Mus. Comp. 

Zool., Cambridge, Mass. 

Giglio-Tos (Ditteri del Messico, I, p. 32; 1892) writes about the 

single female (C. signifera Loew) before him: ‘‘L’esemplare 

femmina, che ho esaminato, corrisponde bene alle. descrizioni 

minute del Loew e del Williston.” Giglio-Tos was not aware, 

however, of the differences in the respective descriptions of those 

dipterologists regarding the antennal joints; whether or not his 

female from Cordova (Mexico) is the C. s¢enifera Loew has still to 

be ascertained. 

Professor Johnson in his list ‘* Diptera of Florida” (in the Proc. 

Acad. Nat. Sc., Philadelphia, 1895,) records ‘‘ Ceria signitfera 

Loew, Inverness, February 12, 14 (Robertson),” but as his record 

is not accompanied by other notes, it may be doubtful whether 

his specimens belong to Loew’s signizfera. The occurrence of C. 

signifera Loew in the U. S. has yet to be confirmed. 

Ceria signifera Loew (Neue Beitrige I, p. 18, 19; 1853,) and 

Ceria Willistoni n. sp. differ essentially as follows: 

| 
| 

\ 
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Ceria signifera Loew. Female. Ceria Willistoni. n. sp. Female. 
Antenne—‘‘das ate Fihler- Second antennal joint scarcely 

glied fast noch einmal so lang more than half as long as the 
als das Tic) Ue a third. 

Scutellum—*‘*Schildchen ganz Scutellum reddish brown or 
Selb; sein Rand an den Seiten yellow, the base and lateral 

Tostbraunlich.” angles black, the posterior mar- 
gin narrowly brown. 

Abdomen—**ster Ring gelb- Fifth abdominal segment 
braun, an der Wurzel, auf der wholly black, nowhere pollinose, 
Mittellinie und an der Spitze the sparse pubescence in no way 
Schwarz, iiberall mit gelber concealing the ground color. 
Bestaubung bedeckt, welche die 

Grundfarbe schwer erkennen 
lasst.” 

The brown of the wing—‘*am The brown of the wing reaches 
dunkelsten in der Nahe der 3ten the spurious vein in the first 

Lingsader, iiber welche sie nir- basal cell and borders the last 

Sends erheblich hinausreicht.” section of third vein posteriorly 

rather broadly, except a short 

distance before the short vein 

that projects into first posterior 

cell. 

Chat there is a typographical error in Loew’s statements, ‘‘ Long. 

Corp. 3%” (p. 18, diagn.) for Long. corp. 5% as suspected by 
Giglio-Tos and «die 3te Langsader gelblich,” etc., (p. 19, below) 

for die 5te Liangsader gelblich, etc., I judge from the fact that 

Loew, when pointing out the most conspicuous differences between 
C. arietis male and C. signifera female (p. 18), mentions neither 
the striking differences in the proportion between length of body 
and wing of the two so closely allied species, nor any difference in 
the color of and about the 5th (that is,‘‘vorletzte”’) or 3d vein; 
he does not mention the fifth (<¢vorletzte”) vein in the description 
of signifera, but does in that of arietis. If those differences actu- 
ally existed, he would certainly have paid some attention to them. 
; Tt may not be without importance to here point out that Loew 
In his descriptions of Ceréa arietis (p. 18) and Certa signifera (p. 
19) writes regarding the antenna, the former ‘‘zweites Glied fast 
noch einmal so lang als das 3te,” the latter ‘‘das 2te Fihlerglied 
f he noch einmal so lang als das 3te;” and on p. 18 below he says, 
t ; = oF lat the two would be considered the different sexes of the same 
Pecies, but there are differences that cannot be considered sexual, 
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and the most conspicuous of those are, ‘‘dass bei Ceria arietis die 

rste und 2te Liangeader einander viel niher liegen und viel paral- 

leler laufen, als bei Certa signifera.” 
Finally I will state, that I have used the genus Cerza in the sense 

of Loew in the ‘‘Neue Beitrage I.” Bigot’s (Ann. Soc. Ent. de 

France, 1883) separation of the genus into two distinct genera I con- 

sider hastily done. Though Ceréa Fabr. (1794) is preoccupied by 

Ceria Scop. (1763), which is Scatopse Geoffr. (1764), I have hesi- 

tated to substitute for the familiar Fabrician genus that of the 

“‘unglticklich gebildeten” (Loew, Neue Beitrage, I, p. 5) Sphzxz- 

morpha Rondani. I believe, however, that Williston’s view (Man- 

ual N. Am. Dipt., 1896) will be generally accepted. See Osten 

Sacken ‘‘Prioritat oder Continuitét” (Wien Ent. Zeit. I (1882). 

Heft. 8.) and Bergroth ‘‘Zur Nomenclatur der Dipteren” (Ent. 

Nachr. Jahrg. XIII (1887), No. 10). 
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With the article ‘The Permian and Upper Carboniferous.” 

Plate XVIII, View of a massive stratum four feet thick of the 

Strong limestone on the eastern side of the Flint Hills to the west 

of Reece. Along the edge of the stratum are large numbers of 

loose, rectangular blocks, which have broken off from its edge on 

account of the more rapid decomposition of the underlying shales 

and shaly limestones. These blocks are well shown in the picture. 
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Plate X/X. View of outcrop of Florence limestone on Spring 
ereek, two and a one-fourth miles south of Rock. 
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The Permian and Upper Carboniferous of 
southern Kansas.! 

BY. CHARLES \S.. PROSSER. 

SYNOPSIS 
Introduction 

Greenwood and Butler Counties 
Section along the Missouri Pacific Railroad from Reece to the crest of the Flint 

Hills. 

Correlation and paleontology 
Section along the Whitewater and Walnut rivers from Towanda to Winfield 

Elk and Cowley Counties. 
Section from Grenola to Grand Summit 

Correlation and paleontology 
Cambridge section 

Section across the southern Flint Hills 

Section from Taussig to Hooser 
Dexter sections 

Winfield sections 

Arkansas City sections 
Section of the bluff east of Arkansas City 
Sections north and northwest of Arkansas City 

Conclusion 

Introduction. 

In the summer of 1896 the writer rapidly reviewed the fossilifer- 
Ous Permian and Upper Carboniferous formations of southern 
Kansas as exposed in parts of Greenwood, Butler, Elk, Cowley 
and Sumner counties. Although the time at the writer’s disposal 
did not permit a sufficiently thorough study of the region to deter- 

1 Published by permission of the director of the Univ. Geol. Survey of Kansas. 
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mine all the stratigraphic details, it is considered that the observa 

tions are sufficiently valuable to be worthy of record. To the north | 

of this region the Permian and Upper Carboniferous rocks of cen- 

tral Kansas have been somewhat fully described by the writer,’ as 

well as those along the southern border of the state, from the 

western part of Cowley county westward.® The Upper Carbonifer- 

ous formations under consideration—the Wabaunsee and Cotton- 

wood—form the upper part of the Missourian series of Keyes; 

while the Neosho, Chase and Marion comprise all the Permian 

formations of Kansas in which fossils have been found in that 

state. For these three Permian formations and the overlying Wel- 

lington shales Prof. Cragin has proposed the name Big Blue series 

from the Big Blue river, in northern Kansas and southern: Ne- 

braska.? In southern Kansas, succeeding the Wellington shales, 

is a mass of red sandstones and shales, with a prominent gypsum 

deposit in the upper part, which is known as the Red-beds, or a 

Cimarron series. These rocks have been recently quite fully des- 

cribed by Prof. Cragin* and the writer;® but there is uncertainty as 

to their age. Prof. Cragin in his work correlated the series with 

the Texas Permian, and this correlation was accepted provisionally 

by the writer in the Kansas report. In that report a full review of 

the various published opinions in regard to the age of the Cimarron 

series was given, but since it was written three papers have been 

published referring to this question, which may be noticed in this 

connection. Dr. Williston says: ‘That these red-beds are not 

contemporaneous with the Texas Permian would seem assured, and 

I feel yet more confident that they are, what they were first con- 

sidered to be, of Triassic age.’’® 

In another publication Dr. Williston virtually expresses the same 

opinion when he says: ‘I believe yet more strongly, what I always 
3 

have believed, that the red-beds of Kansas are Triassic in age. 

It is quite true that their general lithologic appearance is certainly 

very similar to that of the Triassic rocks in other parts of the | 

United States. ] 

Prof. Grimsley, who has carefully studied the Kansas gypsum 1 

deposits, says that the Red-beds ‘probably mark the transition | 

from Permian to Cretaceous.’’® {| 

1 Bull. Geol. Soc, Amer., vol. vi, 1894, p. 29. Jour. Geol,, vol. 11, 1895, pp. 682, 764, Univ, i 

Geol. Surv. Kan,, vol. il, 1897, p. 58 ; 

2 Univ. Geol, Surv. Kun., vol. ii, p. 64 

| 8 Col. Coll. Studies, vol. vi, 1896, pp. 3 

| 4 Col. Coll. Stuies, vol. vi, p. 18. 

| 5 Univ. Geol. Surv. Kan.. vol. fi, p. 75. 
Science, N.S8., vol. v. ‘7 
Kan. Untv. Quar., vol vi, Jan.. 1897, Ser. A., p. 56, 

8 Bull. Geol. Soc, Amer.. vol. viii, March, 1897, p. 286. Kan. Univ. Quar., vol. vi, Jan, 

1897, Ser. A, p. 17, for the same statement, 

) 
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Finally, Mr. Vaughan, of the U, S. Geological Survey, who is 
studying the Upper Paleozoic and Cretaceous rocks of Oklahoma 
and Indian Territories and southern Kansas, under the direction of 
Prof. Robert T. Hill, speaks of the Red-beds as ‘“Permotrias,” and 
states that ‘‘no definite line could be drawn between the Carbon- 
iferous and the Permian; or between the Permian and the Trias,’’! 
in that region. 

Mr. C. N. Gould writes me under recent date that he found, ina 
soft red sandstone not more than 100 feet above the base of the 
Red-beds or Cimarron series, eight miles west and three miles 
south of Blackwell, Oklahoma, or about sixteen miles south of 
Hunnewell, Sumner county, Kansas, a number of invertebrate 
shells. Mr. Gould states that the lower line of the Red-beds swings 
around farther to the east in the territory than it does in Kansas. 

In this paper no further attention will be given to the rocks 
above the Marion formation; and if the reader be interested in the 
higher formations he is referred to the papers already mentioned 
for fuller details. 

Greenwood and Butler Counties. 

While engaged in mapping the Cottonwood Falls sheet the 
Permian formations were followed into the northern part of Butler 
county, where they were not well exposed on the high prairie 
which forms the divide between the Cottonwood river valley on the 
north and the head waters of the Walnut and Whitewater rivers on 
the south. Consequently a section was sought that would show 
the stratigraphic details of these formations, and the line of the 
Missouri Pacific railroad, from Eureka to El Dorado, crossing the 
prominent ridge of the Flint Hills along the Greenwood—Butler 
county line? seemed to offer such a section, and this was studied. 
A paper giving a somewhat general account of the geology of this 
section was published in 1890 by Prof. L. C. Wooster. 8 

The writer was anxious in the first place to find the Cottonwood 
limestone, which, in his previous work, had been traced into the 
eastern part of Chase county, some thirty-five miles north of this 
Section, and then to study the overlying Permian formations. It 
was estimated that the horizon of the Cottonwood limestone would 
be found somewhere in the vicinity of Reece, Greenwood county, 

1 Paper read before the Geol. Soe Washington, March 10, 1897, and reported by W. F. Morsell in Science N, $., vol. vy April 2. 1897, p. 559 
2 A clear idea of this ridge in southern Kansas may be obtained from a “Contour map of southeastern Kansas showing the Flint Hills,” by Geo. I, Adams, in Univ: Geol. Surv, Kan., vol. i, pl. ix. 
38 Amer. Geol., vol. vi, p. 9 under the title of “The Permo-Oarboniferous of Green wood and Butler Counties, Kansas.” : 
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consequently a careful examination of the rocks was begun near 

this town, nine miles south of west of Eureka. This village is sit- 

uated on the northern side of the Spring creek valley on the Mis- 

souri Pacific railroad, 137 feet above Eureka, to the west of which 

is the fairly steep eastern slope of the Flint Hills, affording natural 

exposures of the rocks and in, addition the railroad cuts furnish 

several excellent sections, especially toward the crest of the ridge. 

SECTION ALONG THE MISSOURI PACIFIC RAILROAD FROM REECE TO THE 

CREST OF THE FLINT HILLS. 

Crest of Flint Hills on Missouri Pacific railroad: 
No. Feet, 

15. Massive light gray limestone and flint or chert.! This ro==390* 

forms a conspicuous stratum near the eastern crest of 

the hills, as shown in the picture. Well exposed in 

the railroad cut at the eastern crest of the hills. 

14. Bluish and yellowish shaly limestones with abundant 29380 

fossils. Lower part maroon, bluish and yellowish 

calcareous shales. 

13. Massive stratum of light gray limestone, containing a 11==351 

large amount of flint in layers. 

(Nos. 13, 14, and 15 are Strong flint. ) 

12. Upper part yellowish shales, containing abundant 65==340 

specimens of Derbya; top of the Meosho formation. 

Greater part maroon, calcareous shales, well exposed 

in the lower part of the railroad cut west of the trestle, 

where they are capped by the lower part of the flint. 

t1. Grayish to yellowish shaly limestones, in railroad cut 25-275 

2000 feet east of the trestle, containing Pseudomonotis, 

Lower part of this zone covered. 

to. Rough, jagged limestone, containing iron concretions 2-250 

2 to 2% feet thick. 

Gil Goveretii iia wie crac mtbiMc tet lucien a An mne uae Ving ity vies Maint geese His 

8. Massive limestone that weathers toa rough, jagged | 5=210 

rock, 4 to 5 feet thick. 

i COVERS GAAP NE Ny: aside tala, Mastevetnot Oe TEMUGoaiaa yu. ge voeatl tes ri cnn ONG) Bi 

6. Shaly limestones and yellowish shales in railroad cut, 35185 

about one-half the distance from Reece to the trestle. 

Lower part of zone covered. 

1 The name ‘flint’? has been so universally used for the silicious deposits of the 
iene Permian that it seems better to use it here rather than the more precise term 
chert. 

2 Prof. Wooster gave the dip as 20 feet per mile to the west, along the line of this 
railroad (Op. cit., p. 10). and if this estimate be correct it will add 100 feet or more to the 
thickness of the rocks in the above section. Ina letter Prof. Wooster states that the 
average dip at Kureka is about 12 feet per mile to the southwest. 
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No. Feet. 

5. Btuish, ‘shaly limestone at top, containing Aviculopec- 50=3150 
ten. The greater part of the zone covered. 

4. Massive limestone, containing flint and abundant spec- 3==r100 
imens of Husudina, 3 inches in thickness. 

3. Yellowish shales and thin limestones, containing 10-97} 
Spirifer cameratus. 

2. Massive limestone, containing abundant specimens of 287 
Fusulina, about 2 feet thick. Nos. 2 to 4 exposed in 
the railroad cut 1% miles west of Reece. 

t. Mostly covered, but just west of Reece are thin, shaly 85=85 

limestones, which weather to a brownish red color. 

Reece railroad station. 

CORRELATION AND PaLronroLocy.—Nos. 13, 14, and 15, of the 
above section, which are well shown in the three railroad. cuts 
between the trestle and the summit, the western one being about 
one-half mile east of Summit station, are correlated with the Strong 
flint which forms the lower part of the Chase formation. ‘The sim- 
ilarity of these zones to those of the Strong flint. is very marked 
when this part of the section is compared with a complete one of 
the Strong flint as exposed in the Cottonwood or Neosho valleys to 
the north. In the section near Council Grove the lower layer. of 
limestone and flint has a thickness of seven and a half feet, then 
there are twenty-one and a half feet of light gray limestones and 
rather coarse yellowish shales, in the upper part of which are 
abundant fossils; above these is a heavy limestone containing an 
abundance of coarse flint, ten feet in thickness, which is capped by 
a massive gray limestone three feet thick.? This gives a thickness 
of forty-two feet for the Strong limestones and flint near Council 
Grove, while in the Reece section the thickness is fifty feet. In 
places the upper layer of flinty limestone contains only a small 
quantity of flint and constitutes a massive ledge of light gray lime- 
stone. This stratum frequently forms a prominent outcrop near 

1 At the time of my visit these shales were hastily measured; but since then Prof. 
Wooster has sent me a section of the cut in which the thickness for the shaly zone 
foots a Tfeet. The section is as follows: 

No, 
10. Buff limestone, four layers; a fey 
Oe SUE SEATON dW Niawrytedie cane Yagil vss 
8 Carbonaceous shule. 2 
7. Bull, shaly limestone 1 6 
6. Blue shale, full of fossils... t 4 
5 Butt limestone, one layer. IOAN 1 9 
er BOT CAUCAY SOUS SMOG Way nich vowgn cegdoow oe 9 
8) BUT UUM LIVES TON Gis i ho vn dv Ae Oa G 1 8 
2 Dark shale, buff on weathered surface; no fos Stes | 
1. Bult limestone, top layer is blue and full of Pus Nd.. en 

In this section Nos. 1 and 10 correspond to Nos. 2 and 4 of my section, while-Nos. 2 
to 9 ure included in my No.3. 

2 Jour. Geol., vol. iti, p. 773. 
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the crest of the Flint Hills, as is shown in the picture of the mas 
sive ledge four feet thick south of the railroad at the western cut. 
The upper part of the shaly limestones—No. 14—are of bluish and 
yellowish color and contain great numbers of fossils, as does the 

similar zone described on Elm creek west of Council Grove,! and 
in the railroad cut east of Grand Summit, Cowley county. The 

upper layer of the limestone and flint with the fossiliferous zone of 

the shaly limestones is nicely shown in the western railroad ‘cut, 
about a half mile east of Summit station; the base of the lower 

limestone and flint in the cut immediately west of the trestle, and 

the middle part of the sub-formation in the intervening cuts. 

In the railroad cut, just west of the trestle, the upper part of the 

Neosho formation is admirably shown, the top of the cut being in 
the base of the Strong flint. The upper part of the Neosho is com- 
posed of a zone of yellowish shales containing specimens of Derédya, 
which are apparently nearer D. mu/tistriata (M. and H.) Pros. than 
D. crassa (M. and H.) H. and C., and a few other species similar to 
the zone of yellowish shales exposed at the top of the Neosho 
formation on the Crusher Hill west of Strong City.? 

In the railroad cut 2,000 feet east of the trestle are grayish to 
yellowish shaly limestones-—No. r1—in which specimens of Pseudo- 

monotis Hawni (M. and H.) are common. The following species 
were collected in this cut: 

et LOOT OS MEOHCNC EROS, CO WET Mela ei Want esdy. Moola tant Gay 
Part of the specimens have larger and longer spines 

than is generally the case for this species. Possibly not 

larser that on fg) 3) bs and cy pli KX VII (Pt l, Pal, 
Missouri. 

2. Pseudomonotis Hawni (M and H.).. aS Bib apie vetnca tts thes (eA) 
3. Aviculopecten occidentalis (Shum. ) M. ges w. CaN oR) 

4. Spirorbis sp.. dele Weve lela Wn re ley av iunsdavs, War aNt NG eee at oO) 
This zone is Re near bie muadle of the Neosho 

formation. 

East of this cut the greater part of the surface is covered by soil, 
and most of the railroad cuts are shallow so that the base of the 
Neosho formation was not accurately determined. Again, appa- 
rently, the Cottonwood limestone which forms such striking mas 
sive outcrops to the north, in Chase and Lyon counties, has lost its 
massive structure and does not form conspicuous outcrops in the 
western central part of Greenwood county. 

“1 Ibid, p. 774. 
2 Ibid., p 767, No. 16. 

at 
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The massive limestone of No. 8, which weathers to a rough, 
jagged rock, is somewhat similar to a stratum twenty-six feet above 
the base of the Neosho formation in the Cottonwood valley,’ and 
it is referred to the Neosho formation. It seems probable that the 
base of the Neosho formation is either in No. 7 or 6, and the hori- 
zon of the Cottonwood limestone is also either in No. 7 or 6 of the 
Reece section. This would agree fairly well with the Cottonwood 
river section, where the Neosho formation has a thickness of 130 
feet and itis 144 feet from the top of the Cottonwood limestone ‘to 
the base of the Strong flint. 

If the above correlation be correct then the massive limestones 
forming Nos. 2 and 4 of the Reece section are in the Wabaunsee 
formation, possibly ninety feet or more below its top. The thick- 
ness of the rocks between the top of No. 4 and the supposed 
horizon of the Cottonwood limestone in this section agrees quite 
closely with the upper part of the Wabaunsee formation as exposed 
in the bluff of the Cottonwood river east of Elmdale. The Elm- 
dale section is as follows: 
No. Feet. 
6. Cottonwood limestone, light gray, containing large 

numbers of /wsuwd/na, near top of bluff. 
5. Mostly covered. Pie na pe ss BORet 65 
4. A ledge of conspicuous limestone \elnsok eeniibns to. 5aet35 

a very rough surface. ‘Dry. bone limestone” of 
Swallow. 

Partly covered . ne ne EMA ONT KINASE TI oa, dh, Stk NR RR 
2. A buff to light gray limestone containing /usudina, 4=%70 

from 3% to 4 feet thick. At the base greenish 

shales containing fossils in fair abundance as, Spirifer 
cameratus Mort, Athyris subtilita (Hall) Newb., 

Chonetes granulifera Owen, Productus semtreticulatus 

(Martin) de Koninck and others. 
1. Mostly covered to level of the Cottonwood river.... 66-66 

Another reason for referring the limestones of Nos. 2 and 4 of 
the Reece section to the Wabaunsee formation is the occurrence of 
Spirifer cameratus Mort. in the shales between them, which species 
has not been found above the Cottonwood limestone in the region 
where it is well shown. From the shales of No. 3 the following 
species were obtained: 

1. Productus cora VOrbigny. . PR ARC ERE CAT RTA SRA octane el (1) 
2. Productus semtreticulatus (Martin) de cee wo ee cw te Nr gO ath 

L Dblaiy pres; No? 8. 
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Re A OMUGLULN ILE UP US CE NOLO GD. NET Srv husiniy W sient ans (akin en ale amar iia tee) | 

Ae I CUOLUS LOPSISPLNUS. SON Dei iiiiccal vie Whit a ty siete slilig Wie Wut lon (EH) | 

Ra DITO 62, CONLEM ALIS LINUOMEY wt «signs PEE Mac oR NA Ue iN eonm BRT CRY 1 

6. Spirifer ‘Martinia) wasn ONUEXUS pane Sate teletie MIC ON ES Gr oicer Ahn MCI) 

eS Gmiberevacvcenosac( Vie atic Eoin iin ie cass emia: stan omnia ON) 

) Oe, “a thyris CSeminula): suotelica (Thal Newb iia is ile Wide tal CEE) 

Oy waasLedca wnormon7, CNEATCOUY Fie amg! Giyuaie i vos vce aim tian omaha) 

E GOs 1) GHC CES, CAINMULE IER 0) CNEL) \iulel vay yt suey st Mean it dert ie ends nab 9 (Tap) 

| tt. , Meekella striato-costata (Cox), White and St. John.......  (c) 

12..Husulina cylindrica Fisher...... cichanersanidl wit seaeenetcakeeufataten «ci (BU 

13. Seplopora bisertalis (Swallow) Winhien Sliema ey ty (Ga) 

In addition to the above fist Prof. eee r has oe note 4 the fol- 

lowing species from this cut: 

Aviculopecten occidentalis (Shum. ) Meek and Worth. 

Rhynchonella uta (Marcou) Meek. : 

Spiriferina Kentuckensis Shum. 

Dielasma bovidens (Morton) H. and C. 

Bellerophon carbonartus Cox. 

Pseudomonotis Hawnt (M. and H.) var, sénuata M. and W. 

Phillipsia sp. 

Archaocidaris sp. 

voctdarts Sp. ; 

The bluish shaly limestone of No. 5 contains fossils, dvculopecten 

occidentalis (Shum.) Meek and Worth, dAZvadina sp. and a few other 

species having been noticed. From this cut Prof. Wooster reports 

exfoliated specimens of Sfrrifer sp 

SECTION ALONG THE WHITEWATER AND WALNUT RIVERS FROM 
TOWANDA TO WINFIELD. 

There is a.decrease in altitude of about 325 feet in the sixteen 

miles from the Summit to: El Dorado in the Walnut river valley; 

but the country is comparatively smooth with but few exposures of 

———- 

ea rocks. From Towanda, eight miles south of west of El Dorado, 

in the Whitewater valley, a section was followed in the direction 

of the strike along the valleys of the Whitewater and Walnut rivers Y 

to Winfield,.Cowley county. Four miles northwest of Towanda, 

on the.south bank of the West Whitewater rivér, west side section 

I, Benton township, is the following section: 
No, Feet. 

3. Yellowish shales, which are 40 feet above river level 1==12 

2. Buff limestone containing gypsum concretions, some f==.1 

flint and specimens of Bakevellia parva M. and H. 
: : ‘ : | 
Bri 1. Yellowish argillaceous shales in the upper part and 1o0=r1o0 jj 

shaly limestones at the base. 
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The section just described, as well as the rocks between the two 

Whitewater rivers and to the west of Towanda and the main 

Whitewater river, belong in the Marion formation. On the eastern 

side of the river, in the vicinity of Towanda, are occasional expos- 

ures of buff limestone, but no fossils were found. 

On the divide between the Whitewater and Walnut rivers, four 

miles north of Augusta and one-half mile west, is a small quarry in 

a buff, massive limestone, nine feet of which is exposed. It con- 

tains a layer of flint one inch in thickness and some fossils as: 

Athyris subtitita (Hall) Newb., Productus semireticulatus (Mart. ) 

de IXoninck, Pleurotomaria sp., Archeocidaris sp., and crinoid seg- 

ments. The dip is southerly, and this zone seems to belong in 

that of the Winfield limestone. ! 

On the south bank of the Walnut river, at the highway bridge 

south of Augusta, is an excellent exposure of the Florence flint and 

limestone. The section is as follows: 

No. ' Feet. 

4. Shaly buit limestones, fogsiliterous,../.. 7. . 
SO CATRALL AC OO URNS TAI Scull icpshdt aie file WAUSAU NW ORS ILS 
2. Massive, buff limestone, thick bedding, and 13 feet 

thick in the quarry east of the highway. | 

| 

| 
i 

( 

1. Thin layers of flint, alternating with thin limestones 15-15 

which are somewhat fossiliferous. 

River level. 

From this outcrop the following species were collected: 

Ls nl CANIS CSemTdMaY SOLE C A CELE s INIE MDI Han caer Maes ot ea oC ty) 

Qui LeRdua wincdssace ONE NAIC TA ny ROR way Alias yun mie of mie) 

NR Met TL UCAS TE TREC atA NE CEACAE (mM CHEM CRD us soled wee UAE a ws CsA (09) i) 

4. Productus semireticulatus (Mart.) de Kon., var. Ca/houni- (c) 

anus Swal. 

bi eronuarun weminercularws.” Nar) en On wiaciciwitinn alin st ACer | 

Oe LEP PEF UGE SSI UDIINNY CW sid en co, EET PUN NES a Ani eide NMG cues Aue oe CTR) 

7 A DICULODECLEM OOntertL ales \(OWUNIs CI RW eae Cs ahh) 

SNC PN VOM OE WS TNT Tyrie Wibita Niewauhivlin ow one tn due Uwe MPMI Sena nee ca vOr i) 

Poorly preserved. 

9. POLLO LAOS D' rat uaiiisoe zy HON whG es HAMARTOMAS eed akies: Ailes eh ae (on ak} 

Imperfectly preserved. 

LOM «COMP ORMNTLU TE: ST stiv nadine tiie ss ail vee ocean anata nN: Arse tantlg Wal tags cit heb 

DDG GHAETALES ASTD Ny) svete iin Werkawe oie rR stale eign REST G ae nM MM EnaniGn NI Ajony tars ane yaridie "au ts 4 (I 

12. Archwocidaris spines. 

For the purpose of assistance in correlation and in tracing the 

various limestones across ‘the state it is important to remember that 

1 Kor the definition of this name see Univ. Geol. Sury. Iwans,, vol. ii, p. 6b 
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the Florence limestone, so well exposed on the Cottonwood river 

at the city of that name, is the same as the Fort Riley limestone on 

the Kansas river at Fort Riley and. Junction City. 

On the bank of the Little Walnut creek, two miles northeast of 

Douglass, are shaly buff limestones, apparently in the ‘Florence, 

which contain the following fossils: 

Li LANES \COSCMINU La SUATILILA (ELAN ING WD re ie wea dl ruty gn CO) 

vi CPOE eC NG N Ger UNL CL Ate Ne bali g’ ELL CEN Ca avila. & putiomeaye a MAL Meine MCh velvet OLR) 

BL DeP LM TULLE TALE CNN CUT Gliy Wali )) Me LOBIs sere ‘ees Vike nt veg (on) 

A. aorewlopecten, occiwencavis (Shtim.) Mi and Wa cilia sie s (rr) 

Bin ICD EO DORE OLSAPTCELES: 1 0) WELLLO Wr )'s) VVC OM spo airs bisert ctr ev es'gegh vat be CMY 

Wi ULL ESV PLCC Mi NEN MTU UU Chistes ie ue atada liens ede vowyoii Mas eautoate x, CL) 

From Douglass along the valley of the Walnut river to Winfield 

there are frequent outcrops of the Florence limestone, and near 

‘the summit of the bluffs the Winfield limestone. In a railroad 

cut, two and one-half miles south of Douglass, is a good exposure 

of the Winfield limestone and forty feet of lower shales. There 

are numerous small rolls sHown in the cut, both anticlinal and 

synclinal. The section is: 
No. Keet 

3. Massive limestone which weathers rather rough and 11==51 

contains some fossils. No concretions at this locality. 

Winfield limestone. 

Vellowishrareulaceonsiehaligsn sa Wieden pani 2OmAO dS 

1. Variously colored argillaceous shales, greenish, ma- 20==20 

roon, yellowish, etc. Some of the maroon layers 2 

feet thick. No fossils found in the shales. Rail 

road level. 

These colored shales below the Winfield limestone correspond 

to similar shales described by the author in the Cottonwood valley 

below the Marion limestone, as the Winfield limestone was first 

called.1 The Winfield limestone above the railroad cut, at this 

locality, contains the following species: 

Te LPOMUCTUS SEWLIPCLCCIN OLS (MLA LLIM CLE VCO Alt wish vn MiiewieN ar nC DYN 

Dil D CRONE CHISSO rn Ww BUCS WEA i)* ante eile Gaiety: Gaaeh ae tate at a voliseaper col (BN) 

Some of the specimens are near D. multistriata (M. and 

Ey Pros: 

Bi WS CALIO AAS VAMECLERE COM EILO Wo WRGEIE (BY us 0 virccade nicinre i eet yc ev CtUn) 

4. Archeocidarts HOLME ad RAPA ORO art NRO GEN ULdiehinGy ony lial OE) 

Spines and plates. 

In a small run on the south side of Rock creek, six miles south 

L: Jour, Goolkiwoli Ulypy tis 
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of Douglass and one mile south of Rock, is a ledge of massive, 

soft buff limestone, four feet of which is shown. This stratum is 
only three or four feet above the level of Rock.creek, and by the 
barometer seventy feet below the Winfield limestone on the bluff 
to the north, and is in the Florence sub-formation; the difference 

of seventy feet between the two limestones being about the average 

thickness for the intervening shales. 

About one and one-fourth miles farther south, on Spring creek, 
at the W. H. Grove farm, is an outcrop of ten feet of the Florence 
buff, massive limestone. The ledge shows plenty of ‘‘sand holes’’ 

and fragments of fossils. 

Around the head of a draw on the highway, five miles north of 
Winfield, is an excellent outcrop of the Winfield concretionary 
limestone. It is a typical ledge, for it contains abundant concre- 
tions; but they are not of constant occurrence as may be readily 
seen by following the outcrop of this limestone from Douglass to 

Winfield. The limestone is coarse and rough, weathering in large, 

angular, whitish blocks. Below are yellowish and, colored argilla- 
ceous shales; while in the upper part of the limestone, and in great 
numbers loose on the ground, are large iron-stained concretions 
containing fossils. ‘These are known locally as ‘‘sand bricks,” and 

they are flatter than those to the north in the Cottonwood valley, 
which are oblong or rounded. From this concretionary limestone 
the following species were collected: 

Le. OMUCTIN, SRULCR ELE CUTAT US \ NLavts y3Qe. ILOM Yi eer slo es (rr) 
2. unomoo poly lepianwenarordes’ WOR ie CCV GDM n wee eC 

( 

( 

rr) 

rr) 

A little higher on the highway may be seen plenty of loose flint, 

30 MEDLODON A ULSEPLELES s ONVALLOW.): WW MA RED i rl Sa en len 4 

ON Os di. ANCHO UNO NAME MT OO rae 

probably from the decomposition of limestone at that locality. 
As nearly as can be determined from the topographic sheets and 

other data at command there is a dip of one hundred feet in the 
Mlorence limestone from the quarry on the Walnut river south of 
Augusta to the one in the eastern part of Winfield. The distance 

between the two localities is twenty-eight miles, which would give 
a south dip of about three and a half feet per mile. 

Elk and Cowley Counties. 
To the south of Greenwood and Butler counties are Elk and 

Cowley counties, Cowley extending south to the state line while to 

the east of its southern half and south of Elk is Chautauqua county. 
The eastern half of Cowley and the western part of Chautauqua 
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and Elk counties are in the Flint Hills, the crest of which is near 

the Cowley—Chautauqua and Elk county line. 

For the purpose of studying the stratigraphy af the southern 

Flint Hills and determining their geological formations, two sec- 

tions were followed from the east across them. ‘The northern 

section is along the line of the Atchison, Topeka & Santa Fe rail 

road from Moline, Elk county, through Grenola, Grand Summit 

and Cambridge to Grouse creek, Cowley county. The southern 

one is along the Missouri Pacific railroad from the vicinity of Cedar 

Vale, Chautauqua county, through Hooser, Dexter and Eaton to 

Winfield, Cowley county. 

SECTION FROM GRENOLA TO GRAND SUMMIT. 

The Grand Summit section is, perhaps, the best known Permian 

section of southern Kansas. This is due in part to the abundant 

fossils found in the railroad cut east of Grand Summit station. A 

section of the eastern side of the Flint: Hills, in this region, was 

described by Prof. Broadhead in 1882,! and the writer’s attention 

was first directed to the locality by the fine collection of Permian 

and Carboniferous fossils from it in the Geological Museum in the 

University of Kansas. Mr. Geo. I. Adams has also described in a 

somewhat general way the section along the line of this railroad 

through Moline, Grenola and Cambridge to Winfield. * 

In the northern part of Moline, on the bank of the Wild Cat 

creek, are iron-brown shaly limestones containing large numbers of 

Fusulina cylindrica Fischer and other fossils. On the hill to the 

northwest of the city is quite a thickness of drab to buff sandy 

shales, that contain but few fossils. These are capped by a thin, 

brownish to yellowish limestone. The rocks in the vicinity of 

Moline probably belong in the Wabaunsee formation. 

Grenola is,situated in the valley of Big Caney creek, Greenfield 

township, in the western part of Elk county. The railroad cut, 

immediately east of Grand Summit station, is five miles north of 

west from the bluish shales on the bank of the Big Caney creek 

just west of Grenola which form the base of the following section 

from the creek to the cut east of Grand Summit: 

No. Feet. 

28. Top of railroad cut, east of Grand Summit, yellowish 15==407 

to bluish shales and shaly limestones in which fossils 

are very abundant. An excellent locality for collect- 

ing. 

1 Trans. St. Louis Acad. Science, vol. tv, pt. tit, Ae Hii in L888 or '84, pp. 486, 487, 
2 Univ. Geol, Surv. Kans., vol.{, pp. 26-20, and pl. 1. 
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Massive, light gray limestone, which forms a conspic- 

uous bench on the hillside. Lower part of the Strong 

limestone. 

Rather coarse, yellowish shales, about 15 feet 

Fine argillaceous maroon shales at top, and lower 30 

variously colored shales. 

Rather shaly limestone, which, in. places, is very 

hard, 3 to 4 feet thick. 

Shales alternating with thin limestones; at base ma- 

roon shale. 

Heavy limestone at top, below shaly limestone and 

shales. One layer contains plenty of fossils. 

{( Nos. 22 to 28==-No. 1 of Broadhead, which, in his } 

| section, 1s 134 feet thick, \ 

Limestone of bluish-drab color. 

( No. 2 of Breadhead’s section, Te he gave as 5-] 
| feet thick. \ 

Shales, lower patt bright maroon colori. oi. sie we. 

(No. 3 of Broadhead. ) 

Limestone, ro feet thick, according to Broadhead 

and No. 4 of his section. 

Shales to shaly limestones containing fossils........ 

Light buff-colored /wsu//na limestone, with layer of 

flint. 

Nos. 17and 18==No. 5 of Broadhead, which he gave 
~ as 27 feet of shales with thin shaly limestone 
{ > beds. j 

Somewhat shaly /usudina limestone. CN Gis 6% oF 

Broadhead, which he called ‘‘a flag-like limestone 

bed; a good building rock.’’) Perhaps. Nos. 16 and 

17 represent the Coftonwood limestone. 

Yellowish shales; /wsudinas very thick in top of shales. 

Drab. Very hard limestone....... RN HN ieee, 

| Nos. 14 and 15, with paiva the lee ms No. 1355 
No. 7 of Broadhead, which he gave as 8 eas 

| shelly buff limestone. 

Yellowish soft shales; Sprrifer cameratus and numer- 

ous other fossils. 

(No. 8 of Broadhead. ) 

Massive limestone with abundant Fusu/ina, and six 

inch layer of flint at top and bottom. 

Fusulina light gray limestone..... Hears Ae soa 

(Nos. 11 and. 12=-No. 9 of Hrcwebend: ) 

161 

Feet. 

Lo== 302 

The 382 

367 

4337 

26==333 

20=5307 

5==287 

Loon 202 

Koccoee 2 

252402 

Ty ==237 

422354 

52314 

$i=226) 

522g) 

2==2194 

be ar73 

r | 
ae ce ara 
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No, Feet. 

10. Yellowish shales, Spzrifer cameratus, Fusulina and 14==216 

plenty of fossils. 

g. Light gray, massive /usw/ina limestone, with layer of 14=-2144 

flint at top. 

8. Yellowish fossiliferous shaly limestone, 2% to 3 feet. 3=:212}4 

7. nals nC SHAlVNMestOnes) Vice GN Mca ee OOm 

GC Coveredy ir tonne ESE wien twain wueNle 

(Nos. 6 to ti==No, 10 of Broadhead, 

BR MASSIVe grab IMI GStOneh ss cvdsh ce Vale de VA W SLR Whee cine tye eek 

(No. 11 of Broadhead, and base of his Permian. ) 

iojens Koly, 

4. Covered, except at base, where it is a cellular, shaly, 25195 

yellow limestone, in front of O’Connell’s house. 

( The limestone==No. 13 of Broadhead, which. he 
gives as 4 feet thick and capped by 28 feet of » 

| shaly sandstone. 

3. Arenaceous yellowish shales in upper part; yellowish 15==170 

iron-stained limestone alternating with drab shales 

in lower part; in first railroad cut west of Grenola. 

Spirifer cameratus. 

{ No. 14 of Broadhead, which he referred to the | 

) ‘true Upper Coal Measures.”’ \ 

2. Covered, with shaly bluish limestone and shales in 55=-155 

lower part; at first large railroad fill west of Grenola. 

( Probably Nos. 15 to 18 of Broadhead, which he } 
| ‘gave as 52 feet in thickness. \ 

1. Covered. Bluish shales at base containing Spirifer to0==100 

cameratus and other fossils; on the western bank of 

Big Caney creek. (No. 19 of Broadhead; 20 feet 

of sandy shales in the upper part of this zone. ) 

Level of Big Caney creek, at highway bridge west of Grenola. 

The thickness of this section agrees closely with the difference in 

altitude obtained from the Atchison, Topeka & Santa Fe railroad 

levels, which give 400 feet, although the topographic sheets give 

barely 300 feet. No allowance has been made for the dip, which 

will probably increase somewhat the total thickness of the rocks in 

this section, since Prof. Broadhead obtained a dip of twenty-six 

feet per mile to the southwest in the eastern part of Cowley 

county,'! while Adams gave the dip along the line of this section as 
’ “about ten feet per mile” to the west,® and as stated later, the 

writer obtained a dip to the southwest of sixteen feet per mile. 

1 Ibtd., p. 488. 
2 Op. olt., p. 28 
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CORRELATION AND PaLEonroLtoGy.—For the purpose of classifi 
cation it is more convenient to begin with the upper part of this 

section, which is readily correlated. The massive limestone—No. 
27—in the railroad cut east of Grand Summit, forms the lower part 
of the Strong limestone at the base of the Chase formation. Above 

the limestone are the yellowish and bluish shales—No. 28—which 
contain abundant fossils. Here the larger number of fossils have 
been collected that are credited to Grand Summit, Cowley county. 
These shales correspond to the fossiliferous shales—No. 14—of the 
section west of Reece. The most abundant species are Productus 
nebrascensis Owen, many very perfect and beautiful specimens of 
which occur in great numbers; Meekella striato-costata (Cox) White 

and St. John; AZyalina Kansasensts Shum.; and MW. Swadllovi Me- 
Chesney. The following is the complete list collected in about 

one hour: 

EN! PHOCUELUS(MOOPANCHSUS HOW Ell win ere ie Us haat ence ak dae ae 

QE rOAULUS Semerericucatas “Marty Ce, WOmk wis cues he) 

BH LIEK ONG MU ULESEOLAT A) WN AC ly OS ov. van Peta abu g ee VCE) 
dernier va: erasscr (Ni, amd: bai") sate atic Gioia We dp wim dilees  Cre) 
5. \Meckella striato-costata (Cox) White and St. John....... (a) 
6. -Achyris(seminula) sudcdica (ral) Newb. Sis aint 

A MLV QURG LC AUSASERSES SUT Fe) Rec Qke ele poe Peco men you GaN 

Be MiQURA PET ATENUALAN Ns BINGE A cus ie nWienle arsine aber. ie CLT 
Or ddyadinate) swellog: MeChesiney @ 22 sy nan wis ving tc, Cay 

oN ONE Ata del dag ge a Gg MOU N ECR E MOPO MANES TS Ct S a Ci ASW HG SSL OU Mh Uso 

It. Aviculopecten occidentalis. (Shum.) M. and Wii... .. 0.60. (it) 

12. Auvtculopecten sp. 

Small specimens, apparently adult, with some smaller 

plications between the coarser. 

TGs LES VOL: OP CUCW LG: SOLUTE ate Wialua stu Meaty CUNT tials mH ay i aneMC Oa | 

Part of the specimens are unusually large and possibly 

belong to a different species. 

Lia MUSEUM OMO MOLES ae wre NU AIG Edy ct or a avuncuie oGy mae ela OREN 

Small specimens. 

Dov woeculopecten ct.. meclectus (Geinite) Nee ew iii iaiy SOCrh) 

1G, cA viculopecten neplecius (Geinitz) Méekiis ty oe in 6a oe an 

DP ed CLOW ESIGN SEY ON voit CMIWL ewe cA ee AG NSC EINE IN TIE AG TEV IU Ir Meal uTaL BOR ana 

OU AS CAIBOLAS Su siete o tneth WE MANNY Suhel Uupar Meaen ULE LAC lem une nna een HOU CEN 

Large form, in outline somewhat like .S. curtus M. 

and W. 

TOs Sufeodun Wp nee cere (COWaL. SNVEBSK Ue Kee aK Aa Ny Cees CHChE 

BO SOesON US COTS ME MATIC, WV nash le Sod wll i anueraibrd of VieialW aumliet test Gen) 
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ai. Straparollus (HLuomphalus) subrugosus M. and W........ (11) 

22. (?)Nuculana bellistriata Stevens, var. attenwata Meek.... (rr) 

Very imperfectly preserved. 

Ry Laesmnracen men mmante, (ie LILY NES Meu CL VN CRI sites iran aie avers’ sede gee CaM) 

RU  LOCOGAMRE AGIN CMe ANGE CS EMO IIN cs hy see nsiti ca VRE OMRIN TONG nae: win fart ayeneik dts vo ot COON 

Py: MOC LaRO Am abe GN enintabaiile VW stay tara Cre Ua Nope leads sue Cinstiqn ve wileth tabs gs GRID) 

Imperfectly preserved. 

200 Me neh, oSswvatioumume. (Getmitay) Meakin fk hie wen hele miu CG) 

agi LehomoananaiepiionendMordes: NEGO CR iy wi Wie Vivre d Sede | CB) 

A NR RICUURNZUD CUP ELAS) SDAIN yeh UA huntive | Mn ace oltre udcue qeaneniiaira! wainuye (c) 

ADP MACY AED CTO VG Mum y ln CAGNidany cathy yon die) saWeaneoh wah Gs); 

BON Senco pore Gisercad.s: (Swallow. Wage ie nce eee Cry 

BM LIVE IUIL, OTOL LLL CUTIL RSWTRU. Ys INC, CORY Sie Wi Bills Wovlnnl Cal eiatioe el 0 CANDY 

SUE VM OPPROCERAIS, OP) MUSAE HOLS: NUCLEI) 5 cess a PSHM vinsu les tia luanh veer enhs > CME 

Bt MP OLE., Se MTG ILO aie chi cAQin th sy aite ey Ntstiatty AVG. GER, (1) 

Sue aero mMICh. OOM LeriS: MUG BIR. i.e ek pusilla ilytit ieil eR Rauae G62) 

The yellowish shales—No. 26—-at the bottom of the massive 

limestone are referred to the Neosho formation, which, in the Cot- 

tonwood valley, has a zone of similar shales at its top.'!| The base 

of the Neosho formation, however, is not determined as easily, 

since the position of the Cottonwood limestone is somewhat in 

doubt. Ninety-five feet below the base of the Strong limestone is 

the top of the bluish drab limestone— No. 21 of this section and 

No. 2 of Broadhead’s—-which he described as ‘‘persistent wherever 

its associated strata are found,” and ‘‘containing many good char 

acteristic fossils, including Mumicrotis [Pseudomonotis| Hawnt, 

Myatina perattenuata, Aviculopecten occidentalis, ete.’ A similar 

limestone and fauna are in the Neosho formation in the Cotton 

wood valley 94 feet below the base of the Strong limestone, and a 

lower one 110 feet below it, so it seems probable that No. 21 is in 

the Neosho formation. In the Cottonwood and Kansas valleys it is 

144 feet from the bottom of the Strong limestone to the top of the 

Cottonwood limestone. In the Grand Summit section, without a 

complete allowance for dip, it is 145 feet from the bottom of the 

Strong limestone—No. 27—to the top of No. 17, the light buff 

colored Fusulina limestone. In the railroad cut this limestone 

does not resemble the Cottonwood limestone in texture, for it con 

sists of a layer one and a half feet thick at the top, with a shaly 

Fusulina limestone four feet thick at the base; but there is an 

agreement in color and the great abundance of Fusulinas. When 

this zone was first studied it was referred to the horizon of the Cot- 

1 Jour. Geol., vol. ili, p. 765, No. 16 of the section, 

| 
| 

| 
| 



| 
| 
| 
| 
| 
| 
| 

( 

PROSSER: UPPER CARBONIFEROUS OF SOUTHERN KANSAS. 165 

tonwood limestone, although it does not closely resemble it as 

shown in its typical region, and furthermore the underlying rocks 

do not agree with those below the Cottonwood limestone in the 

Cottonwood valley. However, after a consideration of all the data 

at hand, it appears to correspond more nearly with the Cottonwood 

than with any of the other limestones in that part of this section 

where we may expect to find its horizon. The limestone is light 

gray to whitish in color, unless stained, and contains myriads of 

Fusulina with a few fragments of shells. The flint is more abund- 

ant than in the Cottonwood limestone farther north, and in this are 

abundant specimens of Fusulina. 

The shales and shaly limestones—No. 18—overlying this lme- 

stone are somewhat fossiliferous, the following species having been 

obtained: 

DAMP O OL IAN GOP UNG GI BO TRUI wiv ese the nna tila hate Marries Cea wove <4GG) 

Big ARMOLL I MAS) ML CMM UTR MIO Za COE oc hy Ski allidsis iota alar weal si 4 bo gue e, ole! ys EE) 

3. Allorisma subcuneatum M. and a ee OCA ynbaunenetiiaie vat, ality) 

4. Aviculopecten occidentalis (Shum. ) M. oud WVisrigr sro st gum miares oie EL) 

These shales do not agree in reference to the fauna with the yel- 

lowish, very fossiliferous shales which overlie the Cottonwood lime- 

stone in the central and northern parts of Kansas. Perhaps they 

represent the Cottonwood shales and with the subjacent limestone 

constitute the Cottonwood formation which will then have a thick- 

ness of 30% feet in this section. 

If the correlation of Nos. 16 and 17 of the above section, with 

the Cottonwood limestone, be correct, then the remaining 231 feet 

of the section commencing with No. 15 belong in the Wabaunsee 

formation. Nos. 12 andg are massive, light gray limestones, which 

also contain large numbers of Fusulina and great quantities of 

flint, especially No. 12 in which there is a conspicuous six inch 

layer of flint at the top and bottom of the stratum. In fact these 

limestones contain the greatest amount of flint seen in any part of 

the section, for in the Strong limestone or flint but a comparatively 

small amount of flint was seen. 

The yellowish shales alternating with these Fusulina limestones 

contain plenty of fossils, Spirifer cameratus Mort. occurring fre- 

quently in them; but it was not noticed above the limestone which 

is referred to the Cottonwood. ‘The shales of No. 13 furnished the 

following species: 

Spirifer cameratus Mort. . ta PGA ee BR Wore stiateh, GES) 

.  Spirifer (Martinia) Sci ONVEXUS Se PR CT OCI Tne) 

3. Athyris (Seminula) subtilita (Hall) Newb.............. 0 (@) 
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Ae’: PEOUUELUS COPA, COUNT hal hentia seantie, (Rnn RURIRG And oie (r) 

Len dy a POD USE a ( Tl ealipy Ble ean Clie Ge Go Naika ee Naha 

Similar to eer, play Pals Yow VEE, Me bed 
Oy Derdya: crascac( Ms aman ibaa Cen tis wey eM rcuminy toate aCe) 

7. Septopora bisertalis (Swallow) Waagen.. 6... 0.85.0. (Ce) 

8. | Meekella striato-costata (Cox) White and St. Johu...... (rr) 
QO. Khombopora ‘lepidodenmpoides Neeley eh iawn ae ete CEE) 

DOs! AM ASCULE POLE AGUUIT Endy MICE Is: Cue notia tie Wace aigsii tihalc. KCEE) 
A flat specimen which apparently belongs to this spe- 
cies. 

LL) CHOROtd SORA T TS). side iy tentemgeh Pe Wiese catie wn oen a deyse wt ocr hay st. AIRES) 

In No. 10 the seven species of the succeeding list were obtained: 
Le SREY er CamEP ALAS NUCLEON Hele ie eie mun Gaius i (c) 
2. Athyris (seminula) sudtenia (Eval bi New Dian yin dnvien (rr) 

8. Aired Ucaus\ cor Md OE DID aston UMA mr atonal eRe ChE) 

He | CHOMECEN SPOMUITENT OM ERE A Mertibe doin aehinke babe nety core rn yt CC) 

Be LUSHLINA CV RAKOCH ATION Gt Ui Navarre Wayne) 

Abundant in layers. 

OCF) Wistulipora nodalefera NCB ss Wh cael boo alms ee uit) CEE) 

Tal MICEROBORI FT OSSEPT WG ETCH Matea Me tre fee emir Miya Cc) 
Identified by Ulrich and described in MS. 

From the bluish shales at the base of No. 1, on the bank of Big 
Caney creek, the following species were collected after a hasty 
search: 

Ly QUAL] CF COMED CULES LOM Ue ule) Win das Reale a RNG er toon i hati ne ere CGY 

Qs ET OCUCLUS: CORE. Cr COLD IRD iit salle AiMaMvtuia aay ay wlan seyne eaten (CEL) 
Bet LPOUUClaSY REOKUSCHHSDS KI WET ict n tla nielne critica api Kae) 

4. Aviculopecten carboniferus (Stevens) Meek rin... Cr) 

Prof. Broadhead regarded No. 11 of his section—No. 5 of mine 
as ‘undoubtedly of Permian type and the strata may be considered 
Permian,”! while I would locate provisionally the base of the Per- 
mian some sixty feet higher, perhaps at the top of No. 18, which 

equals No. 5 of Broadhead. 

CAMBRIDGE SECTION. 

The Strong limestone may be readily followed from Grand Sum- 
mit to the southwest along the Cedar creek valley to Cambridge 
and the Grouse creek valley. At various places along the Cedar 
creek valley or its bluffs it forms a prominent ledge, and about one- 
fourth mile west of Cambridge is an extensive quarry in the lower 
part of the Strong limestone. In the Grand Summit cut the base 

} Op, clt., p. 487, 
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of the Strong limestone is 1429 feet A. T., while in the Cambridge 

quarry, nine miles to the southwest, it is approximately 1284 feet 
A, T., giving a dip to the southwest of 16 feet per mile. 

Section of the Cambridge quarry: 
No, Feet. 
4. Yellowish and bluish shales which contain some fos- 4-521 

sils. 

3. Hard limestone, containing numerous fossils, espe- 3 48! 
cially Pleurophorus. 

2. Massive, hard limestone, used for building stone, 2 
oe aN N we 

which, in the eastern part of the quarry, contains a 
considerable amount of flint. There is also quite a 

large amount of loose flint on the surface near the 
quarry. 

De GOSH OU a ei acai hia NeaMcn Ne em a EGON ot Ge Wats an NC 45==45 

Level of Grouse creek. 

From Nos. 3 and 4—the larger number fram No. 3—the follow- 

ing species were obtained: 

Disc PMP D MOT UL SUOCOS LIS ANINt GING NV GRY ei ginry posted he ae hoce g Wed) 

These specimens are not so large as the figures in the 

Illinois report and are probably the form mentioned as a 
variety of PP. subcuneatus M. and H. (Geol. Surv. Ill, 
Vol, II, Palaeontology, p. 348). 

2. pleurophorus(?), Cadchound Ma and TiC?) vey ei slye eles es (Aa) 
A considerable number of gibbuns specimens, which 

agree fairly well with the figures and description of this 
species. In some of the specimens there is a longitudi- 
nal depression posterior of the umbones, which prob- 

ably represents the lateral tooth. 

Bi ih PIECE Vt M ae ade Les EIGLY Midis oc eyo Miu py, otha abareny. dang yaa GOE) 

4k CEBrOphOrUs ie) suMecunearye Wh and HDi i i Weak wel CC) 

Ba i CMM OMLOMO LIS reece me ( IML. ACh aN it eV eniipiecey ce (c) 

6. Pseudomonotis Hawni (M. and H.) cf. var. evata M. and H.  (c) 

and perhaps var. s¢zwata M. and W. 

Small and imperfect specimens. 

Tbs CREM GME CUS: CRORINCRE COS SNL EUR MEMNC al aii ahitcin) Walt gies woo ev CELL) 

‘These specimens are apparently this species, though it 

is possible they may belong to the genus Bellerophon, 

as they are all internal impressions. 

&.. Myatna permana (Swali) Mooand Fe. eet eee! CC) 

SECTION ACROSS THE SOUTHERN FLINT HILLS. 

The section across the Flint Hills of the southern and central 
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part of Cowley county, along the line of the Missouri Pacific rail- 

road, from Taussig at their eastern foot to Winfield in the Walnut 
river valley, was hastily examined. The author regrets that on 

account of the limited time at his disposal he was unable to deter- 

mine the limits of all the formations shown in this section; but 

submits the following partial correlation. Mr. C. N. Gould has 

published a section along the line of this railroad in which the 

lithologic character and thickness of the rocks composing it are 

given;! but the total thickness of limestones reported in it seems 

to be too great. 

SECTION FROM 'TAUSSIG TO HOOSER. 
No. Feet. 

13. Massive limestone weathering whitish and containing 40435 

an abundance of flint, about 40 feet thick. Prob- 

ably the Strong limestone. 

12. Kedjand blue shales, adcordimg to Gotta kccit a TO eOG 

11. Brownish sandstone, given by Gould as 10 feet thick. 10-385 

to. Mainly red shales Ot UN LeANE Wisk art Bocas 6 
g: Limestone, with abundant /wsw/ina in lower part... 54-=355 

Covered s about A aeatn cece ie hilinticn ine ina huis 44==3494 

Light gray, rather massive limestone, containing 5345 

some /usulina. 

6. Mainly covered along the railroad. At base a mas- 150340 

sive limestone witha metallic ring. The central and 

upper part of the stratum weathers to a very rough 

surface. It contains a considerable amount of flint. 

5. Mainly covered; the shales at the top below the 85-190 

massive limestone of No. 6 contain numerous speci- 

mens of Spirifer cameratus and Athyris subtilita. 

4. Brownish limestone in which there are large numbers 10-105 

of Husulina. 

3. Yellowish shales in which Spirifer cameratus and 1a==95 

Athyris sublilita are common. 

2. Covered, with brownish-red /wsudina limestone at 23-83 

the base. 

1. Covered to Taussig railroad station..... CR aN AOC m= OG) 

The measurements in the above section are nearly all barometric 

and it deserves more careful study. If the correlation of the mas- 

sive limestone—No. 13-—near Hooser with the Strong limestone.be 

correct, then the horizon of the Cottonwood limestone is in the 

covered part of No. 6, below which all the remaining rocks belong 

i 1 Univ. Geol, Surv, Kans,, vol, i, pp. 81 to 85, and see pl. 1, 
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in the Wabaunsee formation. The yellowish shales of No. 3 con- 

tain the species listed below: 

Die Nee coor marca meee Cle COT eam vet til te Sova jah OAM aac atin och povdieaboh wrubale” se SCC) 

2. Productus nebrascénsis Owen... 2... Gelli Whee Muni crwaeen CT. 

3. Athyris (Seminula) subtilita (1 te ull) New: NIB Oe REET Tha sive 

An ODEN er CAMEnACLS NLOGLE eeu oid CV Wi ciesge tls ais Say sualeyedur uate Waucuretsiel CG.) 

S.  Aviculopecten ‘occidentans (Shum. ) M..and Wikis... Cer) 

Que SL PAR ODECLEM. SD Mae we ie arch ialiscors want & clNsphae Api mlnau Natal Nae) isi an) 

7. Lusulina pueden UMS GL Pete Hace MM Ah na SOARES bere siete Cn 

Abundant in shales and yeeiiol Heusen Ereeaioule 

ST AERA O ONE Po ROMNG re OUR LC Mn eC nled anh wa gluiuih que vues cae Neny atu t (bia) 

DEXTER SECTIONS. 

Along the railroad track from a short distance north of Dexter 

to the third railroad cut, one and a fourth miles south of Dexter, 

is the following section. ‘The altitudes were obtained by means of 

a barometer and the difference between them is less than the actual 

thickness of the rocks, on account of the strong east dip at this 

locality: 
No. Feet. 

5. Heavy limestone with plenty of flint and nodules, in 

third railroad cut south of Dexter. The limestone 

contains large numbers of flat to irregular shaped con- 

cretions which are quite similar to those in the Strong 

limestone south of Cottonwood Falls. In the fold 

in the cut the dip is 5° east. Base of Strong lime- 

stone. 

4. Yellowish shales with abundant fossils, then covered; 30==100 

below which, in the second railroad cut, are shaly 

limestones containing Psewdomonotis Hawni and three 

species of AZyalina. 

Riu Nedh and vellowilsh Shales vi eis oti eee lS eT O 

2. Yellowish to grayish sh¢ les and thin lietesRonme con- 55==55 

taining abundant fossils, in first railroad cut half mile 

south of Dexter. Below is a rough limestone, and 

then covered to north of the Dexter station. 

t. In railroad ditch north of Dexter is shown the upper 

part of a massive light gray to whitish limestone, 

which contains great numbers of /wsudina, with some 

Crinoid segments and spines of Archeocidaris. This 

resembles the Cottonwood limestone considerably. 

From the yellowish shales in the third railroad cut, at the top of 

No. 4, the following fossils were collected: 
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Ty wenden mauccserata (Nand TL: \ Pros viii wcciscteyen io Gan) 
Gi S| MIF OUUCLUS WOOF ASCEMSIS | WEIN eA \y b heh rh wie liidn ar Mee slay) (rr) 
Bee LOAM POCO SAIN: 5 5 0S Virgen he wage Cie Shatin Tea RA CR 
MES WAIL LOG LUPE ST iti vai divitel sey ke paWa On eo geek neAA Hi Stu Nta Cr CU aR a (rr) 

In the shaly limestones at the hates of Nig 4, in the second rail- 
road cut, and in the yellowish to grayish shales at the top of No, 
2, in the first railroad cut, is an abundant fauna of the Neosho for- 
mation. The list is as follows: 

De OM MELUS EOL ASCEHSTS CO) WET. su Mus a vey Una et erate up eI ites (aa) 
BLA ORU CH CORD MIE DIGI sss ares sce eR ie awe kD 6 Shey he oe OEED 
31 | Aveculopecten occidentaus (Shum.) M. and\W.. i... 0... (a) 
4. Peeudomonotts Hawn (M. and Hi) iici cel er ec cee cece KO) 
By SEW D ILO OU ASE) oh STI Vii tuaitairys cachet ay Wag Mise CAieE DUN een [eli kh Why (ar) 

Large pustules on the surface tile ring ti any of the 
figures seen. 

OR MRAVAM GLA MER SC Tad Ayo Ke YeAar Ans lire) ih t/a Diggs AMD a ce pL eur CRT Uae) aie nt (Gop) 

7. Myalina perattenuata M. and H.. oo eee eee ee eee (0) 
Bo PLT) ASU COULV WUC ES Nc Qn, Nieman hana tn Meg (rr) 
Qin tC ON te GUL ey OIL MIE wheter t UI was f aibin's Wau MY: Us ePlu ee RPA apt Kec G9) 

LOAF ANGE FOUR OTE MAB LL IG 64) 5 oan e Sie 0H pos wed a wea coney on Wh piapeliy QED 
Di OM OHOL MELTS CL IMLLTER CG. NW ILLUE Prieta uty urine s baldiqcouuiiore a tet ihe (Gue)) 

ioe Wet LL aol AU HAT AN 0 Na nee, ON ved GAR AEC UINY EC A ODN Rt COREY COR (tr) 
Too imperfectly preserved ie ie ate ation. 

Ley MA CLO OLEL PULL OTE Bt cath Ween cH GSOPE A NE Nea Or ade. TREO ENT ue eR RUS Aan aN iy (1r) 

Undetermined species. 

The massive flint and concretionary limestone—No. 5—at the 
top of the above section is the base of the Stong limestone, below 

which is the Neosho formation; while possibly the light gray /usu- 
Zina limestone of No, 1 represents the Cottonwood limestone. On 
the western side of Grouse creek, at Dexter, the base of the S Strong 

flint is 135 feet above the creek level; but the creek banks are cov- 
ered by alluvial deposits, so that we were unable to find any expos- 
ures of rocks near the horizon of the Cottonwood limestone. Ina 
railroad cut at Sliding Bluffs, on the western side of Grouse creek, 

two and one-half miles west of north of Dexter, is an excellent 
exposure of the lower part of the Strong limestone and subjacent 
shales. The flint shows prominently in the limestone and below it 
are yellowish shales and shaly limestones in which fossils are 
abundant, especially Derdya multistriata (M. and H.) Pros. , The 
other species are: 

t.. Derdya crassa (M. and H:) H. and C, 

a, Productus nebrascensts Owen, 
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3. Aviculopecten occidentalis (Shum.) Meek. 

4. Myalina Kansasensis Shum. 
5. inna sp. 

Curved and markings differing from P. peracuta Shum. 
6. Allorisma (Sedgwickia) cf. granosum (Shum.) Meek...... Crt) 

Does not show granules, but outline and other mark- 

ings like this species. 
Below these rocks are red shales. Farther west, in the railroad 

cut not. fat east of Eaton, is a massive, buff limestone, the thick 
layers considerably shattered, which underlies the platcau of this 
region. One and one-half miles east of Eaton is the base of a 
massive flint limestone. This flint and the superjacent limestone 
are referred to the Florence flint and limestone of the Chase forma- 
tion. 

WINFIELD SECTIONS. 

The Florence limestone can probably be followed west across 
the country from Eaton to the valley of the Walnut river at Win- 
field, as stated by Mr. Gould.1 To the east of the Southern Kan- 
sas railroad, in the eastern part of Winfield, is a quarry in massive, 
buff, soft limestone which has been worked quite extensively. The 
lower part of the limestone is laminated; in the upper part are 
many ‘‘sand holes,” and portions of the rock are bluish to lead 
color. It resembles closely the Jones quarry at Florence, and it is 
clearly the Florence limestone. The following section was meas- 
ured from the base of this quarry, which is about on a level with 

the Missouri Pacific railroad station to the top of the hill just east 
of the Southwest Kansas College: 
No. Feet. 

5. Loose on the top of the hill just east of the South- 
west Kansas College. Rough blocks of the Winfield 

limestone. 

4. Massive limestone immediately east of the college. 
Winfield limestone. 

Se A VO VETE GLYN Cie Uli PANG Ci CNA TERRE Nie aru oe emit 
2. Shaly yellowish limestone in upper part of quarry 2-12 

with Athyris subtilita. 

1. Massive, buff limestone of quarry, 9% feet exposed. 94=94 
Florence limestone. 

The Winfield limestone, which caps the college hill to the east 
of Winfield, also forms the top of asylum hill to the north and 
reservoir hill to the south, The dip of the Florence limestone in 

1 Ibid, p. 34, 
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the Winfield quarry is %° south, 80° west. According to the 

Burden sheet, of the United States Topographic Map, the altitude 

of the Florence limestone at Eaton is approximately 1,375 feet A. 

T., while at Winfield it is 1,117 feet, and the distance between the 

two localities eleven miles, which will give a dip to the west of 

twenty-three feet per mile. In the Winfield section it is ninety 

feet from the base of the Winfield limestone to the top of the mas- 

sive Florence limestone; while in the typical region of the Cotton- 

wood valley it is eighty-four feet. 

On the western bank of the Walnut river, to the west of Winfield, 

is a massive limestone which forms in places a marked escarpment 

along the bluff with a vertical wall of rock ten feet in thickness, 

Along the highway, directly west of Winfield, the ledge is thirteen 

feet thick, the base of which is about forty-five feet above the river 

level.’ The lower part of the ledge, when weathered, is very rough 

with some concretions; near the middle are yellowish shales con- 

taining numerous specimens of AfAyris subtilita and Derbya crassa, 

with a few other species; then comes massive limestone again, 

above which are yellowish shales. It is a clear exposure of the 

Winfield limestone, except that at this: locality the concretions 

which are so prominent at many places as, for example, five miles 

north of the city are inconspicuous. ‘The following species were 

collected in this highway cut: 

Li) ACAV ELS COSEINULA):, SUDTELIER CEUALL INGWD ite Passes itso lanl biinae i Ce) 

One specimen shows the spire very nicely. 

Productus semireticulaius: (Mart, y de Koni: Seu ciiens ua saan An) 

Productus semireticulatus (Martin) de Kon. var. Cadhouni- (rr) 

anus Swallow. 

4. Derbya: crassa (M. and Ho and: Cini ch ieee 2 GG) 

BY eu domonerss 1a Ut. CNiv ten Ciel \etiuthe nal tue Wied aio oh etenas sR) 

6. Aovewlopecten occidentalis (ohtim)) Meekw wii (aire tah (2) 

The difference in altitude between the base of the Winfield lime- 

stone on college hill and on the bluff west of the Walnut river is 

approximately seventy-five feet, while the distance is about two 

and a half miles, which gives a dip to the west across the Walnut 

valley of thirty feet per mile. ! 

ARKANSAS CITY SECTIONS. 

Twelve miles south of Winfield in the valley, between the 

Arkansas and Walnut rivers, is Arkansas City. To the east of the 

Walnut river, at the middle bridge, is a quarry in massive lime- 

1 In vol. il, p. 65, of the Univ. Geol. Surv. of Kansas, the writer gave the dip as forty 

feet per mile across this valley; but that estimate was too great. 
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stone twelve feet thick which has been quarried to a considerable 
extent for local use. This bluff affords the best section in the 
vicinity of Arkansas City. 

SECTIONS OF THE BLUFF EAST OF ARKANSAS CITY. 

Near top of hill. 
Feet. 

Thin bedded limestones, quarried to some extent... 12==107 
Shales, 3 to 4 feet 95 
LiMiestone Stratumas wach cer setae wie: (blade g2 

WOMETEC I SLOG Mumia Girt coc wu ain eT asi ave ne Maat vila as 20-01 
Massive limestone, containing large numbess of c law Grom fil 
pebbles, giving the stone a mottled appearance. 

Shales, soit 7 feet. ‘ Pane The ha, 

Yellowish shales, expose ae on bluff aie quarry. 3==6.0 
Buff to blue thin limestones TI ONT Gael ae ig 5==58 
Shaly light gray limestone, in cee iseitee are a brusds Toons 

ant from 1 to 1% feet thick. 

MSSIVeE MITC StOMe: Of QUALhvN< Vahk nities Viel seg ne eea 
@overedvro levelOon the Valin y eiVemiy Use Wi uiwiiy tte A Omer O 

bluff at the quarry and were measrued by Mr. J. W. Beede; 

Nom to inclusive, of the above section are exposed in the J? ’ 

while 

the remaining part of the section is on the hill a short distance to 

the southeast, for part of the details of which I am indebted to Mr. 

C. N.. Gould. In the shaly limestone of No. 3 Mr. Beede collected 

the following fauna: 

Ts 

a 

(3) 

NiNano aorctedardes, “Naame EL jai secs ae ww eee 

LS CUCM E SUN A ICMana ern G Mie ab TWRIAC A WHR bch aun h hte 

Perhaps JZ. recurvirostris M. and W.. Too poorly pre- 

served for specific identification. 

Athyris (Seminula) subtitita (Hall) Newb 

Proauctus semtreticulatus (Mart.) de Kon.... 

Productus semtreticulatus (Mart.) de Kon., var. Cachount- 

anus Swallow. 

Productus nebrascensts Owen(?)...... a . 

A large specimen possibly belonging to this species, 

though it is wider on the hinge line and in this respect 

more closely resembles P. semireticulatus. 

Derbya crassa (M. and H.) H. and C. 

Derbya multistriata (M. and H.) Pros. 

Perhaps some of the preceding species seule be faked 

as this one. ‘They are rather larger than the ordinary 

LI) CRASSOs 

(c) 
(c) 

(aa) 

(a) 

(r) 

(tr) 

(aa) 

(c) 
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Orisa OeCMMOnerten Oocrdened len Co mUittha\, UCC « Gigs aay iiey nanan soy ts NGLIM) 

NO, LO LAO POL UO LEDLLOMEOPOLIES. MUGE Kis ere usr bs n'e viv ye lacnl pines aust Can) 

Elis SCO70 207 @ CLSerLAL1S (OW ALLOW} VWWAECeM vied value a doula vetwan Ws 1 UK) 

TAY ACLU RP CULO No LVULtULeCatn ch cteen ol taus ele ay igianucie nn idcaiaen aise Nitrest te Cat) 

13. Mdmondia subtruncata Meek. (>) DEA dhe Me Chats gical CON aie ie a (el 

14. Chenomya Coopert M. and Ty 0). PVA CUO TETRA ec eatedync oh conn ia ent eins alate) 

Broken specimen, impossible to identify specifically. 

15. Crinotd, calyx and numerous segments of the stem...... 

LOn AMANO AAMI OLACES: ATC SPIMES Gi init. (Olu We ead Wid mnie (ic) 

DULCE ALO CER AMINO LUC 1B KN EDLC C Do )ise. uh doghaatntoin th -oheieiisht oa wey GAY Mian Hy etn) 

Specimen identified by Prof. Hyatt. 

It seems probable that No. 2 of this section is the Winfield lme- 

stone, though it was not traced by the writer from Winfield to 

Arkansas City, and scarcely any flint or concretions were found at 

this locality. 

SECTIONS NORTH AND’ NORTHWEST OF ARKANSAS CITY. 

On the hill, two miles north of the city, Mr. Beede measured the 

following section belonging in the Marion formation: 

No. leet. 

COR Soil aie ll itch ala lil atin cfulbal Goealc\sanebalci= eo Mia eR eea ARE SNR Steen yh 8==404 

2) (MMe StOM eS CON tATNIME TOSS SN Hii di dmys Wainy nen law 

Do) Cire I RNSS oh vein wir eCinre Koa Gepttn a: Asta nts MUR beswealfuniec( Abie ie pug uide eat Sema A 

In the limestone of No. 2 Mr. Beede collected the following 

fossils: 

1. Myalina_aviculoides M. and H. WAT RN isin toatoct GoM i ag tO) 

2. Aviculopecten occtdentalis (Shin, , Mee Meant oi aticue yam dr Sane COGN) 

BO OM ROU CIEE DOFUG  Wuy HOTEC Piyis e ni isin Pudi tsle on Sie rsir mORl ky haen (leh) 

Ave t WSEPLOBOIL MIC Hrd SCHNELL VIN CN al phatar Ciulve Yawn Wray u otnieil Gtare anc Ea)! 

&. . Gastropod ct, Warchisona sp. OY LOKonema Sp... i. se se GN) 

Internal impression showing at least ten whorls. The 

largest Gastropod seen in the Marion. 

Oe LIPO OID IST i het darley v8 ly ole eonve eM) Mleth elas veM a URE AINE wh du tue eon sipREONt tr a/c Ga) 

Poorly preserved. 

On the eastern side of the Arkansas river, about two and a half 

miles northwest of Arkansas City, is a buff, soft limestone which 

has been quarried to some extent. This outcrop of the Marion 

formation is near the ‘‘head gates’ of the canal where the follow 

ing section was measured: 

No, Feet. 

FL CLG WITS” SIEVE Sey hyivin taki sr en, ucg vain a MMH nA ar vik MM EAN Vict) 
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No. Feet. 
2. Buff, fairly massive limestone, which has a cellular 15-35 * 

layer near the center of the stratum that contains 
numerous specimens of Bakevellia parva M. and H. 
and an occasional specimen of Myalina aviculoides M. 
and H.(?), and Nautilus eccentricus M. and H.(?), 
both of the latter imperfectly preserved. 

Wi COVELed To level Oi An eAneas (HiVeLNinwii jl. dlrs ae aOtao 

Conclusion. 

It is thought that the above sections will give some idea of the 
interesting Upper Carboniferous and Permian formations in south- 
ern Kansas which are worthy of careful study. On correlating 
them with the typical Permian and Upper Carboniferous formations 
of central Kansas it is found that in general there is a close agree- 
ment between the different zones of the several formations, except 
in the case of the Cottonwood formation. The abundant fauna of 
the lower Cottonwood shales was not found in these sections, and 
the horizon of the Cottonwood limestone is in some doubt. How- 
ever, a more careful study of the region where the Cottonwood 
formation is to be expected may remove this apparent difference, 
since in two of the general sections’ studied its horizon seems to 
have been covered. 

To the south, in Oklahoma, scarcely anything has been published 
about the geology of the Upper Carboniferous and Lower Permian, 
and it is a region which will probably afford us most interesting 
information when it is thoroughly studied. This investigation 
should be continued across Oklahoma to northern Texas at the 
earliest opportunity, in order to make it possible to correlate pre- 
cisely the Kansas with the Texas Permian. Also, as the writer has 
stated elsewhere,! this work is necessary before a decision can be 
reached as to whether the Red-beds or Cimarron series of southern 
Kansas and northern Oklahoma should be correlated with the 
Permian or the Triassic. 

| Univ. Geol. Surv. Kans., vol. ii, p. 9. 





Range and Distribution of the Mosasaurs, 

With Remarks on Synonymy. 

BY 3S.) We. - WILLISTON. 

With’ Plate 2X, 

The Mosasaurs are at present known from four remote regions of 

the world—-North and South America, Europe and New Zealand. 

Doubtless they lived over the greater part of the earth and may be 

expected to be found wherever the deposits in which they occur are 

found. Their geological range is confined exclusively to the Upper 

Cretaceous, from the time corresponding to the upper part of the 

Dakota to that of the lower part of the Laramie, or from Upper 

Cenomanian to the Lower Danian. The correlation of the Ameri- 

can Cretaceous deposits with those of Europe, or even with each 

other is by no means exact, or even approximately exact. Never- 

theless the equivalency of the different strata and epochs is sufh- 

ciently well determined to admit of approximate pesults, anduit iis 

one of the purposes of this paper to bring what evidence the 

Mosasaurs—-typical Cretaceous reptiles—may present, bearing upon 

the subject. 

The oldest Mosasaurs are apparently those described by Hector 

from New Zealand, which he referred to the genera Liodon and 

Taniwhasaurus Hector.* Thegenus Lzodon Owen, Dollo has recently 

shown to be a synonym of Mosasaurus. |. Whether or not Hector’s 

species is congeneric with those placed under Lvodon by Cope is not 

certain, though it is evident that it is closely allied.  Zamwhasaurus 

is as clearly of the Platecarpus type, and may possibly belong to 

that genus. 

The most recent form is the historical Aosasaurus giganteus 

Soemmering (7. Camperi, WM. Hoffmani) from the Mestricht beds 

in the Lower Danian. These three forms, 7)/osaurus, Platecarpus 

and Mosasaurus represent three distinct and divergent types, which 

I will call the Tylosaurina, Platecarpinz, and Mosasaurine, cor- 

*On the Fossil Reptilia of New Zealand, Trans and Proc., New Zoaland Institute, 

Vi. 888, 1873. 
+Bull. Soc. Belg. Geol., vii, 79. 1892. 

7%) KAN. UNIV. QUAR.. VOL. VI, NO. 4, OCT., 1897, SERIES A. 
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responding to the megarhynchous, microrhynchous and mesarhyn.- 
chous types of Dollo.* 

The Tylosaurine begin with Liodon (7ylosaurus?) Haumurensis 

Upper Senonian of Belgium as found in the genus /ainosaurus 

Hector in the Cenomanian of New Zealand and continue to the | 

Dollo, from the Brown Phosphatic Chalk of Mesvin Cipley... In 
the interior of North America the type, so far as known, begins 
near the lower part of the Niobrara and terminates at its close or 
in the beginning of the Ft. Pierre, that is, to use the European | 
time periods, with the close of the Turonian or the beginning of 
the Senonian. Forms ascribed to this genus, the Zcodon of Cope, | 
are from the Lower Greensand or Lower Marl of New Jersey, but ; 
their positive identification is yet uncertain, if not doubtful, since 

the'only charactéristic parts, the rostrum, quadrate and limb bones 

occurrence in these beds, but hitherto nothing decisively charac- 

have never yet been found. There is nothing improbable in its | 

teristic of Zylosaurus has been found there.’ The genus Hainosaurus C o 

is clearly of the Zylosaurus type. In fact the two genera are so 
nearly related that decisive distinctional characters are not yet 
forthcoming, unless they be found in the paddles. 

The Platecarpine have avery similar distribution. Beginning | 
in the Cenomanian of New Zealand, in Zaniwhasaurus, if the de- 
posits of New Zealand are really cotemporaneous with this epoch 
in Europe, they terminate in the closely allied Plioplatecarpus Dollo 
from the Lower Mestrichtian of Belgium. In North America the | 
species upon which the genus P/adecarpus has been chiefly based | 
are known nowhere outside of Kansas and Colorado, and are here my 
restricted exclusively to the Niobrara. The type species of this : 
genus, ?. dympaniticus Cope, is from Mississippi and is in all prob- } 
ability congeneric with the Kansas species, but this has not yet been 
satisfactorily proven, though it certainly belongs in the Platecar- 
pine. 

From the Ft. Pierre only one species can be referred to this 
group, and this with doubt. Arachysaurus described by myself in 
the last number of this Quarrerty may belong here, but I believe 
that its affinities are more close with the Mosasaurine. It is cer- | 
tainly closely related to Prognathosaurus Dollo,+ from the Upper ‘ 
Senonian of Belgium, and I should have had little hesitancy in | 
identifying it with that genus had not Dollo stated that the chevrons | 
are free in Prognathosaurus. it | 

: st ‘ *Mem. Soc. Belg. de Geol., iv, 163, 1890, 
+Mem. Soc, Belg. de Geol., iii, 198, 1889. [ 
‘Mem, Soc. Belg. de Geol., iv, 163, 1890. { 

} { | 
| 

4 

4 

{ 
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Of the Mosasaurine, including the two genera Mosasaurus and 

Clidastes, the lowest horizon is the upper part of the Niobrara in 

Kansas. C/idastes ranges into the Ft. Pierre, as previously stated 

by myself. In the eastern Atlantic region his genus is represented 

by forms closely allied to those from Kansas. Its range then, is 

from the upper part of the Turonian through the larger part of the 

Senonian. 

The typical dAZosasaurus is confined exclusively to the Senonian 

and Danian. Its distribution in North America is reputed to be 

from New Jersey, Alabama and Dakota, but some of the determina- 

tions may be incorrect. The species from the Ft, Pierre are, 

however, clearly congeneric with one or more from New Jersey. 

In Europe Mosasaurus is known only from the Upper Senonian and 

the Danian (Upper Chalk and Mestrichtian), that is, apparently, 

from later horizons than those in which the genus occurs in America. 

The two genera Mosasaurus and Clidastes are nearly related, 

though sufficiently different to justify their independent existence. 

From the known distribution of the Mosasaurs, Dollo has con- 

cluded, ‘Que la Nouvelle-Zéland (ou, mieux, les terres australes) 

est le centre d’irradiation des. Mosasauriens, qui en seraient partis 

a la fin de l’époque cénomanienne, auraient vécu uniquement en 

Amérique durant l’époque turonienne, auraient émigré en Europe 

a ’époque sénonienne et s’y seraient éteints avec l’époque mestr- 

ichtienne.” The fact that Mosasaurs are reported from the Ama- 

zonian Purus, corresponding to the Mestrichtian, would certainly 

indicate that they had not become at all restricted in distribution 

in the latter part of their existence. 

The distribution of the Mosasaurs, so faras now known, seems to 

be of little value in the correlation of the Cretaceous epochs. Only 

a single genus seems to be of wide distribution, and the nearly 

related ones may be widely separated in geological range. Two, 

perhaps three distinct types appear suddenly in the Cenomanian 

and have continued side by side in the same waters throughout the 

greater part of the time during which the group has been in exist- 

ence. Some minor divergent forms have appeared, such as the 

singular Phosphorosaurus Dollo, Prognathosaurus and Brachysaurus 

and, perhaps, Baplosaurus Marsh, which, by the way, is one of the 

latest American forms, from the Upper Greensand or Marl of New 

Jersey, and occurring also, if Merriam’s determination is correct, 

in the Niobrara of Kansas. 

The common aquatic ancestor of the three types must be sought 

for in a much earlier period, certainly in the Lower Cretaceous. 

ee 
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The rudimentary or possibly functional zygosphene among the 

Platecarpine, or some members of it and the complete zygos- 
phene in Cédastes; together with the shortened muzzle and 

more fully ossified paddles, indicates a much closer relationship 

between the Platecarpinae and Mosasaurine than between either 

and the Tylosaurine.-: In the last we find, in some forms at least, 

that the fifth finger is actually longer than the fourth, with as 

many: phalanges, and that the carpus and tarsus are almost 

wholly unossified. If we assume with Dollo that the zygos- 

phene is a primitive, character, and it must be unless it had an 

independent origin among the Mosasaurs, then C7@dastes would 

be the most generalized and 7\/osaurus the most specialized 

of the Mosasaurs. In the paddles and skull, 7/osaurus is with 

hardly a doubt, more specialized than anyother genus. However, 

although C/das/es may retain some of its primitive characters, 1t 

certainly shows in many other respects a high degree of specializa- 

tion, 

In the accompanying plate are shown the side views of skulls of 
two of these types, the Tylosaurine and Platecarpine. The third 

type, the Mosasaurina, may be seen by reference to plate XV, in 

Vol. Ill, of this OuarTERLY. 

[ give below a tabular review of the known genera of the Mos- 

asaurina arranged in systematic sequence, using the European 

time-epochs for comparison’s sake. Of course it is understood that 

the exact equivalency of these time-periods is yet a matter of un- 

certainty. 
TYLOSAURINA. 

Hind feet functionally pentadactylate. Trunk short, the tail 
proportionally long, not dilated distaliy. Tarsus and carpus 

almost wholly unossified, the phalanges numerous. Vertebra 

wholly without zygosphene.. Premaxillary projecting into a long 

rostrum in front of the teeth. Quadrate with a short suprastapedial 

process. 

 Tylosaurus Marsh 

Cenomanian of New Zealand (Liodon Haamuriensis Hector). 

Upper Turonian of Kansas and New Mexico (Niobrara). 

? Senonian of New Jersey (Greensand). 

Hainsosaurus Dollo 

Upper Senonian of Belgium (Brown Phosphatic Chalk of 

Cipley). 

*Mem. Soc. Belg. Geol., iv. 168. 
tUeber the Pythonomorphen der Kansas Kreide, Paleontographica, xli, 36. 
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PLATECARPINA. 

Hind feet functionally pentadactylate. Trunk short, the tail 

proportionally long, not dilated distally. Carpus and tarsus im- 

perfectly ossified. Vertebra. with rudimentary or functional zygos- 

phene. Premaxillary not projecting beyond the teeth, very obtuse. 

Quadrate large, with long suprastapedial process. 

Platecarpus Cope. 

Upper Turonian of Kansas and Colorado (Niobrara). 

? Senonian of Mississippi. 

Plioplatecarpus Dollo 

Lower Mestrichtian of Belgium (Danian). 

Prognathosaurus Dollo. 

Upper Senonian of Belgium (Brown Phosphate of Cipley). 

? Brachysaurus Williston 

Senonian of Dakota (Ft. Pierre). 

Sironectes Cope and Holosaurus Marsh 

Upper Turonian of Kansas (Niobrara). 

Taniwhasaurus Hector 

Upper Cenomanian of New Zealand. 

MOSASAURINZ. 

Hind feet tetradactylate. Carpus and tarsus fully ossified, and 

with not more than six phalanges in any digit. Trunk relatively 

long, the thorax short, the tail much compressed distally, the 

chevrons co-ossified with the centra. Zygosphenes rudimentary or 

functional. Humerus with a strong radial process at distal end. 

Prefrontal more or less dilated into a horizontal plate posteriorly. , 

Coronoid large. Rostrum short, obtusely conical. Quadrate small, 

with a suprastapedial process of moderate length. 

Moegasaurus Conybeare 

Lower Danian of Belgiuni and England (Upper and Lower 

Meestrichtian and Upper Chalk). 

Upper Senonian of Belgium (Brown Phosphate of Cipley). 

Senonian of New Jersey and Dakota (Greensand and 1 ot, 

Pierre). 

? Senonian of Alabama and North Carolina. 

OClidastes Cope. 

Uppermost Turonian or Lowermost Senonian of Kansas and 

Colorado (Niobrara and Ft. Pierre). 

Senonian of New Jersey, Alabama and Mississippi. 
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INCERTZ SEDIS. 
Baptosaurus Marsh. 

Upper Senonian of New Jersey (Upper Greensand). 
Upper Turonian of Kansas (Niobrara). 

Phosphorosaurus Dollo. 

Upper Senonian of Belgium (Brown Phosphatic Chalk of 
Cipley). 

TYLOSAURUS. 

? Macrosaurus Owen, Journ. Geol. Soc. Lond., 1859, 380. 
? Lesticodus Leidy, Proc. Amer. Phil. Soc., 1859, vii, ro. 

? WMectoportheus Cope, Proc. Amer. Phil. Soc., 1868, 181. 

Liodon Cope et alia, nec Owen. 
KRhinosaurus Marsh, Amer. Journ. Sci., June, ay NAOT os 1672 

(preoc. ). 

Rhamphosaurus Cope, Proc. Acad. Nat. Sci. Phil., 1872, 141 
(preoc.,). 

Tylosaurus Marsh, Amer. Journ. Sci., iv, 1872, 147. 

Moderate to very large sized species. Rostrum much produced, 
the nares situated far back. Facial surface of the parietal produced 
to the posterior part in the middle, the sides nearly parallel. Post- 
frontal and prefrontal meeting on the superior orbital border. 
Prefrontal not expanded on the facial plane over the orbit. Quad- 
rate with a short suprastapedial process. Humerus slender, the 
proximal end angular, the distal end without radial process. Ulna 
and radius slender. A single carpal or tarsal bone present, not 
articulating with adjacent bones. Phalanges very numerous, the 

fifth finger not reduced. Hind limb as large as the anterior. 
Spines of caudal vertebree not elongated. Thoracic vertebra twelve 
to fourteen in number, the lumbo-dorsals about ten, the pygal 
caudals five; whole number of vertebrae not exceeding one hundred 
and twenty; no zygosphene. Coracoid not emarginate. | 

As in Platecarpus the rightful name of this genus can not be de- | 
termined until more is known about the forms described from 
incomplete material from New Jersey. It seems very probable | 
that the name Z'y/osaurus will eventually have to be abandoned. 
It is altogether likely that Wectoportheus is the same, while JZac- 
rosaurus and Lesticodus possibly are. In this uncertainty Z7y/osaurus 
may be retained for the present. | 

Macrosaurus levis Owen, the type of the genus, was proposed 
_ for a species represented by two dorsal vertebrae from the Green- 
sand of New Jersey. Leidy (Cretaceous Reptilia, 75) referred ; 
other remains to the same species, but with the remark, ‘‘I cannot ' 
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avoid the suspicion that both the specimens in question and those 

described by the high authority just mentioned (Owen) really ap- 

pertain to the dorsal series of MWosasaurus.” The vertebre figured 

by Leidy seem to be congeneric with the Kansas forms referred to 

7ylosaurus, but, inasmuch the genus is distinguished with difficulty 

by the vertebra alone, it would be hazardous to say with any degree 

of certainty that they are really the same. Cope, in 1870 (Extinct 

Batrachia, etc.), referred certain bones to this same species under 

the name Zzodon. Inthe plates of the same work he figured two 

or three vertebra over the name of Z. validus, referred to L. levis 

in the text, and to Céidastes antivalidus in the explanation of the 

plates! The bone figured in the text certainly does not belong 

with 7Zylosaurus, and, if Cope is correct in his determination, 

Macrosaurus is not the same as 7losaurus. The different names 

that he used, however, are sufficient evidence of his uncertainty. 

Lesticodus was given by Leidy to a species (ZL. /mpav) represented 

by teeth and portions of the jaws, and was afterwards abandoned 

by him. Cope apparently believed that the genus was the same as 

Liodon Cope. 

Nectoportheus Cope was based upon Liodon validus (olim 

Macrosaurus) and was characterized by him as follows: (Extinct 

Batrachia, etc,, 208) ‘‘The posterior dorsals are so much more 

depressed than in Zéodon devis, that future discovery may justify 

the generic separation of the genus Wectoportheus, which I originally 

applied to this animal.” In his ‘‘Cretaceous Vertebrata” (p. 160) 

he says: ‘‘The typical species of this genus (Léodon anceps Owen) 

is very little known, but few remains having been obtained from 

the English chalk, its locality and horizon. Numerous North 

American species resemble it in the forms of the crown of the 

teeth, and it is probable, though uncertain, that they agree in other 

respects also. Several names have been proposed for our species, 

the earliest of which is MZacrosaurus Owen. This name applies to 

species with compressed dorsal vertebre, as 7. /evis and ZL. 

Mitchel’, both from the New Jersey Greensand. Tor species with 

the depressed dorsal vertebre, as 1. validus from New Jersey, LZ. 

perlatus from New Jersey, and Z. proriger from Kansas, the name 

Nectoportheus was proposed and briefly characterized.” 

The definition of 7vlosaurus (Rhinosaurus) was explicit and exact, 

leaving no doubt of the genus to which it was intended to apply. 

PLATECARPUS. 
? Holcodus Gibbes, Smithsonian Contributions, 1, p. 9, 1850. 

Platecarpus Cope, Boston Soc Naty Hast? ¢coo/spucrOd. 
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Lestosaurus Marsh, Amer. Journ Ser, \une,rs72. 
Medium sized Mosasaurs. Premaxillary short and obtuse, pro- 

jecting very slightly beyond the teeth. Teeth slender, and recurved, 
faceted upon the outer side and striate on the inner. Nares much 
dilated anteriorly, situated forward. Frontal emarginated in the 
middle behind; pineal foramen large, situated near the frontal 

suture. Facial surface of parietal small, triangular in shape, the 
apex not extending beyond the middle of the bone. Prosplenial 
with a dilated wing-like process above. Quadrate large with a 
large suprastapedial process, reaching below the middle of the 
bone. Expanded portion of palatine short. Coronoid short and 
not prominent. Zygosphenes of vertebra rudimentary. Cer 

vical vertebra seven in number. Thoracic vertebra not more 

than fifteen in number, lumbo-dorsals nine or ten; pygial caudals 
five or six; chevrons large, articulated, spines of caudals regular in 
length, Limbs relatively large; arm and leg bones short and ex- 

panded; three or four carpal or tarsal bones present, closely articu 

lating; pollex and hallux shorter than the fourth digit, divaricated. 
Coracoid with a deep emargination. Pelvic bones large; ischium 

much expanded distally; pubis without antero-proximal process. 
The genus //olcodus Gibbes was proposed for the reception of a 

species supposed by him to be represented by three teeth from: 

Alabama, South Carolina and New Jersey... Two, of thess, were 

figured in his work cited (pl. iii, ff. 6-9), with the following des 

cription: ‘They are solid, and resemble in their pyramidal form 
those of Mosasaurus hoffmani antero-posteriorly, the dividing ridges 

making the anterior and posterior surfaces equal, and they are both 
convex. ‘They are also acutely pointed. In A/osasaurus the outer 

surface is plane or nearly so, and both have longitudinal narrow 
planes near the base. at In the teeth under notice, on the 
outer half are many planes, almost grooves, and also on the inner 

face, which is peculiarly striated toward the base. As the striated 

character is a structural distinction, the name //o/codus is given to 
’ the genus, and that of acudidens to the species.” Professor Leidy 

afterward* showed that only those teeth from Alabama belonged to 
a Mosasauroid, the ones from New Jersey being those of a croco- 

dile (/fyposaurus). He describes Gibbes’ type as follows: (op. 

cit.) ‘“The specimen has the enameled crown three-fourths of an 

inch in length. The base is elliptical in transverse section, and 

measures five lines antero-posteriorly, and four lines transversely 
The crown is nearly equally divided by acute ridges, which are im- 

*Oret. Reptiles of the United States, p. 82, foot note. 
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perfect in the specimen, but appear not to have been denticulated. 

The surfaces are subdivided into narrow, slightly depressed planes, 

and the inner one is strongly striate at the base.” He is inclined 

to refer the tooth to A/osasaurus, a view in which Marsh coincides 

H 

after examination of the type.* 

I cannot agree with these authors. Whatever the tooth may be 

it is not that of a Mosasaurus. Professor Cope erected the genus 

Platecarpus for a species which Leidy had previously referred to 

Holcodus, under the name ¢ympaniticus. The specimen which he 

described was from Mississippi. Later Cope applied the name 

Holcodus to two species from Kansas (//. con pheus and LT. tctericus), 

but which he later placed in P/atecarpus after the name Lestosaurus 

had been given to the genus represented by them. Cope in his 

Cretaceous Vertebrata (p. 141) says: ‘‘The teeth of the Kansas 

species referred to it are somewhat similar in character to those 

described by Gibbes; but it is evident that the latter belonged to 

a different animal more nearly allied to the true Mosasaurus.” Of 

Platecarpus tympaniticus very little of the skeleton has been de- 

scribed, and the tail is not yet known. At one time, Cope stated 

that the tail vertebrae of Platecarpus had co-ossified chevrons, upon 

what authority I can not learn. Marsh based the distinction of 

Lestosaurus largely upon that character, apparently following Cope. 

The quadrate of P. éympaniticus, as figured by Cope certainly looks 

very much like that bone of the Kansas species, and the quadrate 

in this genus is a very characteristic bone. These questions then, 

are to be settled before the name Platecarpus can be finally ac- 

cepted for the Kansas forms: First, Is the typical Platecarpus 

identical with Mo/codus? 1 believe that it is. The teeth of the 

Kansas forms agree perfectly with Leidy’s description and figure of 

the type specimen of Holcodus. Second, Is Platecarpus tympaniticus 

congeneric with the Kansas species placed in this genus. This also 

appears to be true, but it is by no means yet proven. If both 

propositions are true, our species must be known as Holcodus. Tf 

the latter only is true, P/atecarpus will be retained; while if the 

former is alone true, the name Lestosaurus will take precedence. 

It is a pity that little or nothing has been added to our knowledge 

of the southern and eastern species of this group within ‘the last 

twenty years. Perhaps we may expect more definite knowledge 

concerning them in the immediate future. There is no inherent 

improbability that the Alabama or Mississippi species are not con- 

generic with the western ones, inasmuch as we know positively that 

one genus at least, C/dastes, does occur in all these regions, and it 

does not seem at all unlikely that all of them are ccmmon to the 

different horizons. 

*Amor, Journ. Scl., June, 1872, 
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Some New Cirriped Crustaceans From the 
Niobrara Cretaceous of Kansas. 

BY YW. Nic LOGAN, 

Hitherto but very little has been made known concerning the 

Crustacea of the American Cretaceous. In the following communi- 

cation are given the descriptions of several forms of Cirripeds, 

specimens of which have been collected during the past year or 

two in the western part of Kansas. Their horizon is from the 

lower-most part of the Ornithostoma Beds, and from the Yellow 

Chalk. Figures and further descriptions will be given in Vol. I, of 

the Paleontology of the University Geological Survey, now in 

preparation. 

Squama Gen. Nov. 

Capitulum composed of from nine to twelve plates of medium 

size and sub-triangular; peduncle short, composed of seven rows of 

plates, tapering gradually, to near the extremity, and ending ina 

rapidly, almost abruptly diminishing reflex area of smaller plates; 

form adhering to Inoceramus by its entire length. 

Squama spissa n. sp. 

Capitulum composed of twelve plates, viz.; carina, terga, (2), 

scuta (2), rostrum, subrostrum, subcarina, superior laterals (2), 

and carino-laterals (2). Height of capitulum from base to tip 

1g mm.; width (lateral) from carina to subrostrum 17 mm, Carina 

long, narrow, somewhat shield shaped, and slightly convex; length 

5 mm.; maximum breadth 2 mm., overlapping lateral in one speci- 

men. Torga, triangular, with apex pointing toward base of capi- 

tulum, and base somewhat rounded; very slightly convex smooth; 

length ro mm.; breadth (maximum) 15 mm., joined closely with 

laterals in one specimen. Scuta large, convex, in general shape 

triangular; superior border almost straight; rostral border convex, 

base smooth, slightly concave, length (10) mm.; maximum breadth 

7 mm., adhering closely to superior lateral and overlapped by 

rostrum. Rostrum clubshaped, slightly convex; length 6 mm., 

(187) KAN, UNIV. QUAR,, VOL. VI, NO. 4, OOT., 1897, SERIES A, 
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breadth 2 mm. Subrostrum with the same characteristics as ros- 

trum, except that itissmaller. Carino-laterals long, triangular, with 

apex distal, smooth, length romm. Maximum breadth 4 mm. 

Superior laterals shorter 3 mm.; otherwise much the same as ca1ino 

lateral. Peduncle short, composed of seven rows of plates; plates 

oblong, narrow, overlapping, short; maximum breadth 6 mm. 

The type specimen was collected from the base of the Ornithos- 

toma Beds by the writer, in Jewell county. 

Squama lata, n. sp. 

Capitulum composed of ten plates, viz.; carina, targa (2), scuta 

(2), subcarina, superior laterals (2), carino-laterals (2): height 8 

mm.; widtr 16 mm. Carina long, narrow, rounded, slightly con- 

vex, the surface marked by parallel striae; height 4 mm., breadth 

2mm. Terge triangular, with the base rounded; slightly convex, 

the surface smooth; length 8 mm., maximum breadth 4mm. Scuta 

large, convex, quadrangular, its superior lateral border somewhat 

rounded; rostral border straight, surface marked; length 8 mm., 

breadth 5mm. Carino-laterals long, triangular, the surface marked 

by transverse lines; length 8 mm., breadth 3mm. Superior laterals 

shorter, resembling the carino-laterals in general shape. Peduncle 

short, its maximum breadth 6 mm.; composed of seven rows of 

plates; plates quadrangular, with the upper border curved; six or 

seven larger plates in the upper part of a row, succeeded below by 

about ten very much smaller ones. 

Type specimen adhering to Inoceramus shell by its entire length. 

The type specimen was presented by Mr. M. R. Watson, of Trego 

county, and had evidently come from the lowermost beds of the 

upper Niobrara. 

Stramentum, Gen. Nov. 

Capitulum composed of eight or nine plates; plates of the 

peduncle narrow, with the ends turned down, presenting a thatched 

appearance; plates each with a groove running longitudinally. 

The two known species of this genus are evidently from a higher 

horizon than those previously described, coming from the yellow 

chalk, or the same beds that contain the toothed birds. 

Stramentum Haworthi. 

Pollicipes Haworthi Williston. University Geol. Surv., Vol. I, 

Bei 24 3) ply NL, 

Capitulum small, composed of nine plates, viz.; carina, scuta (2) 

terga (2), latralia (4); height ro mm., breadth 8 mm. Terga tri- 

angular, with the apex pointing toward the base of the capitulum; 



LOGAN: SOME NEW CIRRIPED CRUSTACEANS. 189 

surface marked by striations, moderately indented in the type 
specimen; height ro mm.; greatest breadth 4 mm. Superior 
laterals triangular, with the apex rounded; convex overlapping 
scuta in the single specimen; height 9 mm., breadth at base 13 
mm. Scuta shorter than the superior laterals, their edges slightly 
rounded; moderately convex; triangular with the apex truncated; 
height 8 mm., breadth at base 3 mm. Carino-lateral in position, 
its general shape triangular, with the apex truncated by a line par- 
allel with the base, which is inclined at an angle of thirty degrees 
towards the base of the capitulum; height ro mm.; breadth at base 
2mm. Carina long, narrow, rounded; height ro mm.; breadth at 
base, 2 mm. Peduncle composed of nine rows of plates; plates 
narrow, 1 mm. in breadth and 4 mm. in length, with about thirty 
plates in each row; plates turned downward at end, grooved along 
central line. Height of specimen 27 mm.; height of capitulum ro 
mm. Weight of peduncle 17 mm. 

The type specimen attached to an ostrea congesta by the ex- 
tremity of its peduncle. It was discovered by Professor Haworth 
and placed provisionally in the genus Pollicipes by Professor Wil- 
liston in the work cited. Its horizon is the Yellow Chalk from the 
vicinity of Gove City in Gove county. 

Stramentum tabulatum, n. sp. 

Capitulum composed of eight plates, viz.; terga (2), scuta (2), 
lateralia (4); height 5 mm., breadth 7mm. The plates are flat 
and marked by lines and the whole capitulum is short and pointed. 
Terga triangular, the longest side of the triangle adjoining the 
carino-lateral, the shortest side adjacent to the superior lateral; 
breadth at base 2 mm., height 5 mm. Scuta small, but one half 
the size of the terga; triangular, almost equilateral. Carino- 
lateral long, moderately narrow, triangular, the most acute angle at 
the apex, height and breadth about the same as those of the targa. 
Superior laterals small, in the form of an isosceles triangle and of 
about the size of the scuta. Peduncle short, rounded, composed 
of six, or possibly seven rows of plates, with about sixteen plates 
in each row; plates less than 1 mm., in width, their length more 
than 2 mm.; turned downward at the ends and overlapping in rows. 
Type specimen collected by Mr. H. T. Martin from the Upper 
Niobrara Chalk of the Smoky Hill River. 





ce Power of a Twelve Foot “Power” Windmill. | 

BY E. C. MURPHY. it 
if 

In Vol. VI, ‘No. 2, Series A, of the Kansas Universtry Quar- | 
: TERLY the writer gave the results of some windmill tests made lig 

during the summer of 1896 for the U. S. Geological Survey. The He | 
results of one of these tests, namely, that of a twelve foot power if 
Aermotor we wish to discuss more fully, especially from a mathe- is 
matical standpoint. | 

This mill is on a thirty foot steel tower. The wind wheel has Hf 
eighteen curved fans, each 44x183x73 inches, set at an angle of 
31° to the plane of wheel. The shaft is geared forward 6 to 1, so 
that the brake pulley makes six revolutions to one of wind wheel. Hie 
The method of measuring the wind velocity and the power of the 1 
mill are fully described in the article referred to above, and need 
not be repeated here. 

The curves CR, FS, and HT, Fig. 1, show the relation between i 
wind velocity and horse power for brake loads of 2 lbs., 4 lbs. and 
6 lbs. respectively on an arm of 351 inches. The curve AK is 

hi tangent to these curves and is the envelop of them. 

MATHEMATICAL RELATIONS DERIVED FROM THESE LOAD CURVES. | 
Curve AK. This curve crosses the axis. x, of wind velocity at | 

about x==5, and is seen to resemble a parabola whose axis is ver- 
tical and coincides with that of axis y (horse power). We may ei 
assume for it the form | 

| x?==-a--by (On) 

in which a and b are constants whose values are to be determined. 

We, see’ that) for x5, y=:0 and) for x==:15,yoan58,; hence a=25 i 
and b==34.5 and equation (1) becomes | 

x? =25-+345y (2) | 
x being wind velocity in miles per hour. eee 

If any other value of x, as 21, be substituted in (2) and the value 

of y computed it is seen to agree very closely with the ordinate of 

the curve. 

It is seen that the curve AK is tangent to the 2 lb. curve at 9 to Bi 

10; tothe 4 1b, curve at x==15, and to the 6 Ib. curve at x=2o0ito ke 

(191) KAN, UNIV. QUAR., VOL. VI, No. 4, OOT., 1897, BERLNS A. 
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21, hence the envelop curve is tangent to the load curves for loads 

and velocities as follows— 

OAS Crile 6) I 2 3 4 5 6 
Velocities (x) 5 Te EO Dd. OL 5 helena 20 

that is, for each increase of velocity of about 2} miles per hour, 

starting with 5 miles, there is an addition of one pound of load. 
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Hence for this curve AK the relation between load and wind veloc- 

ity is, load z=-—-2-++2x (5) 

x being in miJes per hour and z in pounds. 

To find the relation between wind and velocity and velocity of 

wind wheel, v, for this curve we notice that y in (2) being, horse 

power is proportional to the product of the brake load and the 

velocity of the wind wheel or y==kvz, k being a constant. Substi- 

tuting for y this value in (2) we have 

WS 

x? ==25-+-345(k.v.z) (5) 
Substituting for z its value from (3) in (5) and reducing we have 

x?—-138kxv-+-690kv-—25==0 (6) 

Ideal curve AK. 

ee 
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The telation between load and wind velocity in (3) is for the 

useful load only. The mill also carries a useless friction load, to 

be considered further on. Now, if this useless load could be made 

to decrease as x decreases and become zero when x is zero, that is, 

the mill start in the lightest breeze then the curve AK would pass 

through the origin where x is zero and y is zero and be of the form 

x?==b/y (7) 

/ Most of this curve would differ little from the actual curve AK. 

Equation (3) would then be of the form 

bl'x (8) 

and (6) of the form yee kv x Ory x kv (g) 

that is, for the curve AK of the ideal mill the velocity of the wind 

wheel and also the useful load on the mill increases uniformly as 

the wind velocity increases. This curve shows the maximum power 

of the mill for any wind velocity, and in order for the mill to furnish 

it, it is necessary to increase the load on the mill ata rate equiva- 

lent to one pound on an arm of 35} inches, or an amount such as 

to yield rrz feet pounds perrevolution. It will then be found that 

the velocity of any part of the wind wheel is increasing at a rate 

given by the equation Vay RX (10) 

} R being: the distance in feet from the part to center of wheel, and 

vy and x being in feet per second. 

THR LOAD “CURVES (CR) ES AND Hs 

These curves are seen to resemble parabolas whose axis is par 

such a curve is of the general form 

by* COD) 
] allel to axis x. The equation of 

a4 and b are constants: for either curve. 

For the curve CR we have y==.2 when x19 And Vee sz wien 

tants. Hence a=8 and y==52 approximately and: (rt) becomes 

8--52y" (2) 

x being in miles per hour and y in horse power. 

If this equation be plotted it will be seen that it coincides with 

CR very nearly to about x==<20, bevond this itis above CR, and the 

distance between them increases with «ihe reason why C.Roitalls 

below the parabola is due to the reduction of wind. area or govern- 

{ ine of the mill, | The wind ts constantly changing its direction and 

ee 

) the wind wheel does not respond quickly to those changes of direc 

q 
. . . 

. 

} tion. It is pulled into the wind by a spring fastened to the tail, 

i and the quickness of its response to changes of direction depends 

\ on the tension of this spring. The greater the wind velocity the 
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longer it is in coming full in the wind and the greater the reduction 
of effective wind area and consequent loss of power. If the wheel 
would stay full in the wind up to, say thirty miles per hour, the 
curve CR would probably coincide with the parabola up to this 
value. 

The curves FS and HT are approximately parabolas, but the 
departure from the parabolic form increases as the load on the mill 
and wind velocity increases. 

MATHEMATICAL RELATIONS BASED ON THEORY AND. EXPERIMENT. 
Sir Isaac Newton, in his ‘‘Principia,” gave the first practical 

formula for finding the resistance of plates to the motion of a fluid 
against them. His genetal theoretical formula for the pressure 
when the plane of plate is at right angles to direction of motion of 

) 

the fluid is PeayA nai (pz) of 

P is the total pressure in pounds on the area, A the greatest area 
of plate, y the heaviness of fluid (pounds per unit volume), c the 
wind velocity and g the acceleration of gravity. 

This formula when modified to give ait pressure takes the form 

p OrO0e FeV Ae | ; 2 
, (14 (1+4-.003665t)B, 4) 

t is the temperature in centigrade degrees, B the reading of barom- 
eter at place of observation, B, the barometer reading at sea level 
and zero centigrade and c the velocity of the air in miles per hour, 

This purely theoretical formula has been tested by quite a num- 
ber of scientists and engineers and found to have a correct form, 
but to need a coefficient in order to give the measured pressure, 
The value of this coefficient, as found by these experimenters, 
varies in value from 1.3 to 1.8. . One of the latest and best of these 
values is 1.44, derived from Prof. S. P. Langley’s experiments. 

Introducing this value in (14) we have the formula 

p 0.00389 BA “a 

*G-f.003605t)B, 9) 
The wind velocity c is in miles per hour. 

Por ta=80 Cent, B==28.g ins, the standard conditions of the 
atmosphere when the test was made (15) reduces to 

P 

P, is in pounds per sq. ft., A in sq. ft. and cin miles Denon et 

3==0.00364Ac® (16) 

c is in ft. per second (16) takes the form 

P,==0.00169Ac? C17) 
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PRESSURE ON AN INCLINED PLATE. 

Newton’s formula for fluid pressure on a plate inclined at an 

angle 8 with the direction of motion of the fluid is 

PCs 
ea ueceinye aca Reh (18) 

2o 
5 

Measurements of this pressure on inclined plates show that this 

formula has not the correct form: Prof. 5S. P. Langley’s exper- 

ments show that wind pressure on an inclined surface is normal to 

the surface, varies with the shape of surface and the direction of 

the longest edge, whether at right angles to direction of wind or 

parallel to it, and that the pressure is much larger than that given 

by Newton’s formla. Fig. 2 shows curves given the relation be- 

B 

ah 70 
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Aiea eto i 
tween the ratio for value of a, Pa being the normal pressure 

90 

on a plane making an angle a with the direction of motion of the 

wind, P,, being the pressure when a=90%. The curve AE is one 

given by Prof. Langley fora 12x12 in. plane, AF another by Prof. 

Langley for a 30x4-8 in. plane (ratio 6.2) the longer edge being :at 

right angles to direction of wind. The curves for sin®a and 

V sina are also shown. 

The fans of our wind mill have a mean width of 134%” and a 

length of 44 ins. The ratio of length to méan width is 3.1.’ The 

‘ ; } Pa 
fans are slightly curved. We do not know the value of -—-- for the 

90 

fans of this mill but these values lie somewhere between the values 

given by the curves AE and AF and they cannot differ much from 

those of \ sina. 

It is easily seen from the curves sin®o.and’V sina that any 

formula for the power of a wind mill based on the assumption that 

the normal pressure varies as sin®a is very much in error. The 

formula then for the normal pressure on an inclined surface like 

the fan of a wind mill when not moving is from equation (18) 

PO OOLOGAV Siac: (19) 

Pls Dee DemSGi tt, AVIS cQuitt, Cim ttn Det.secands 

PRESSURE ON MOVING FAN OF WIND MILL. 

In the formula (1g) the surface A is stationary and the wind is 

striking it with a velocity c. The fans of a wind mill are moving 

in a plane at right angles to the direction of the wind, Let v be 

the volocity of a strip of a fan at a distance R from the axis of wind 

wheel. 

In Fig. 3*, AB is this strip making an angle @ with the direction 

of the wind. Completing the parallelogram on v and c\we have v, 

the relative velocity, or velocity of wind with respect to moving 

fan. v, makes an angle a with the direction of the wind. 

The normal pressure on this strip would be that due to v, if the 

strip did not move away from the wind, but the strip being in 

clined to v, is moving away from it, and the velocity producing 

pressure is v, minus the amount that the surface moves away from P 
v, in the direction of v,. 

1 

a 

= — 

————— 

q 
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Big, 3. 

In Fig. 4, AB represents the position of the strip at the begin 

ning of a second and A,B, that at the énd of the second. The 

wind at the beginning of second meets strip at A at the end of sec 

ond it meets it at D, that is, while the strip has moved a distance 

Ne 
lal eromeneies nee UD : 
iN Ob 

Ss ¢ 
> 
ON, Sy 
Se N 

4 

i 
4 

Fig. 4, 

vy it has moved in the direction of c a distance AD=vcotB. While 

it has moved this distance in direction c it has moved AE in the 

direction of v,==vcotBcosa. Hence the velocity producing pres- 

Surevis V==V,- vcotBcosa V c?--v? vcotBcosa (20) 

: 
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Substituting this value for c and A! for A in (19) we have for the 

normal pressure on a moving strip of mill 

1 ¢ © » P,,=0.00169A1(V c?-++-v*—vcotBcosa?)V sina (en) 

; Vv tw " < V : 
From Fag. 3 tan @ VecE Mosh ole! = and cosa = = = 

iS Vc? +ve V c*--v" 

Substituting these in (21) we have 

(c?--v®—cvcotB)* Vy | 
P} He Or COLOOAt 

Big.) 6, 

This normal pressure P,, on a strip is shown in Fig. 5. Resolv- 

ing it into two components, one in the plane of the wheel, the other 
i i * { i 

at right angles to it, we have for Py the component which produces 
: { 1 ae ayn ae 

rotation P, ==P,,cos@. This tangential pressure multiplied by v and 

divided by 550 the number of ft. lbs. per sec. in a horse power. 

73 
2 

0.00169A sisal hs >) 1 Pde Loreal hpi’ Chie} re Ry cvcotf) (c? 
l-v2)4 (23) 

Equation (23) gives the horse power of a strip of one fan. To 

find the horse power of the mill we must divide a fan into such a 

number of strips that v may be considered the same for all points 

of it, apply (23) to each one of these, add these and multiply the 

result by the number of fans in the wheel. 

Equation (23) contains three variables, horse power, wind ve- 

locity and velocity of strip. If any relation between v and c be 

known by substituting this in (23) the resulting equation is a rela- 

tion between horse power and wind velocity. This general equa- 

tion then includes all the equations that can be gottten by varying 

the load on the mill. The two lb. curve, CR, for example, since 

the load is constant for it, is the relation between v and c, as well 

as the horse power for the useful load. By substituting this rela- 
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tion in (23) we get the relation between total horse power (useful 
and useless) and wind velocity for one strip. The relation between 
v and c for the curve AK is given in equation (10) namely v—=.2Re. 
Substituting this value in (23) we have 

; 0,00169A'!cos@ (1-+-(.2R)?—.2Rcotp) ® War 
(HE 4 ; (.2R)%3 (24) 

550 [r1-+(C.2R)*]4 

Fig. 6 shows one fan of this mill divided into four strips. The 

ig. 6. 

values of b, R, v, A anda for each strip are given in table I. 

i Vv ; : Since tan a and v=z.2Rc, tan a==.2R, that is a is constant 
Cc 

for any strip for all values of c. 
‘ i ‘ /c-a ‘ 

For one of the constant load curves as CR, v V maa see equation 
‘ ) 

a : 
~, hence a must decrease asc increases. 

hei 

[c-a 
(Cuchi Gyan hints) V5 

) 

Cc 

From (21) it is seen that as a decreases P,, decreases, and conse- 

quently the power of the mill. 

Ry eashen a 

b RK V A coin 

647 
.8o1 27 i HC .483 47°—30' 

1.062 Shi) WG 1Oe2 41 —45 
1.312 4.5 “gc Vel 7 34 ae 

1.503 5.5 Deore T.441 4 53 

Substituting for A! and R the different values shown in table I 

and for cosf its value, and multiplying by 18, the number of fans, 
we have for the total horse power of this 12 foot mill 
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0.001600xX. 515 i 

Galan) 9°91. 481 a lay (R7O-evt26)c" | Wg OE) i | 
559 

.0000787c3 (25) | 

¢ being in feet per second. 

Equation (25) is a cubical parabola and is the curve AN shown 

Gaye male ge) one | 

TOTAL POWER OF WIND. 

The total energy of the wind which strikes the fans of this mill 

is kinetic energy, KE--{Mc*, M being the mass of air striking the | 

fans per second and c the wind velocity in feet per second. 

M-==volume multiplied by heaviness and divided by acceleration of : 

gravity, and volume—area A multiplied by c, hence we have 

Siea nt yvAc3 

Ko! (260) 

| Dividing (26) by 550 to reduce to horse power we have : 

Ac® 
CE ki (27) | 

28550 

Substituting for y, A and g their values for the atmospheric condi- | 

| tions we have CHP ysniQooT s0c" (28) { 

q Equation (28) is a cubical parabola. It differs from (25) only in 

the value of the coefficient, which is about twice trat of (25). This | 

| equation is represented by the curve AB, afeaay 

i It appears then from (25) and (28) that this mill when loaded i 

BT with a uniformly increasing useful load is using at all wind veloci- 

i ties ‘about half the energy of the air which strikes its fans. From | 
" | . . + { 

| (25) and (2) it appears that the total power that this mill takes f 

| from the wind varies as the cube of the wind velocity, but that the | 

i, . . 6 F . 

i useful power yielded varies only as the square of the velocity. \ 

\ 

| 



-On New Canonical Forms of the Binary 
Quintic and Sextic. 
md 

BY. BESSIN OH. GROWE, 

INTRODUCTORY NOTE. 

The reduction of the non-singular binary cubic and quartic by 
linear transformation to their canonical forms (a@,o0,0,@)(«y)* and 
(@,0,@,0,e)(xy)*, was achieved by Cayley early in the development 

of the Invariant theory. In the year 1882, Brill (Math. Annalen, 

XX., p. 330,) and Stephanos, in the ‘‘Mémoire sur les faisceaux de 
formes binaires ayant une méme Jacobienne,” (Tome XXVII, of 

the Savants Ltranger s of the Académie des Sciences, 1883) showed 
that the sextic was reducible by linear transformation to the form 
(@,0,¢,¢@,¢.0,¢)(ay)®. In Elliott’s Algebra of Quantics, 1895, Chap. 

XIII, is to be found a discussion of Hammond’s canonical form of 

the quintic (a@,4,0,0,¢,/)(xy)®. (See last paragraph of the preface). 

[In a paper on Hessians and Steinerians of Higher Orders in the 

Geometry of One Dimension, published in the Annals of Mathe- 

matics, Vol. XI, page 121, I gave the following theorem: Zvery 

non-singular quantic of odd degree may be linearly transformed so that 

i Y i i A Neat Vs 
tts two middle terms shall vanish, this may be done tn distinct 

: 2 

ways. I was in possession of this result at least a year before the 

appearance of Elliott’s book. 

Miss Growe undertook, at my suggestion, to find the two new 

canonical forms. of the quintic and sextic, which theory showed 

must necessarily exist. 

There is still lacking a general theory of these canonical forms 

for higher quantics. Such a theory must involve the notion of 

Jacobians and Cremonians of higher orders in some way analogous 

to my theory of Hessians and Steinerians of higher orders. 

H. B. Newson. 

(201) KAN. UNIV, QUAR., VOL, VI, No. 4, OOT.. 1897, SERINS A. 
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A binary mic may be interpreted geometrically as a system of 
points “on a line. When the nic is written in full, the ground 
points (see Clebsch, Aigebriische Formen, Chap. II,) are in no 
special way related to the points of the mic; but, in order to 
simplify the form of the ic, we may, without any loss of gener- 
ality, choose any two points on the line as ground points. 

Since changing the ground points is equivalent to a linear trans- 
formation, canonical forms of the mic may be obtained by choos- 
ing the ground points of the system of binary coordinates on certain 
covariants of the sic. 

I Prostem: To find the covariant C upon which to take the 
ground points in order to reduce the quintic (a,4,c,d,¢,f)(ay)5, to 
the form where 4 and ¢ are zero. 

«xy==0 is the equation of the ground points. 
If the ground points are to be on C, then « and » must divide 

out, or the coefficients of the first and last terms of Care zero. The 
problem then becomes: 

To find the covariant C, the coefficient of whose first (and neces- 
sarily last) term is zero, when 4 and ¢ are made zero. 

(a) is the first coefficient of the quintic (a); 

(ac—6*) is the first coefficient of the Hession (H); 
(ae—4bd--3c*) is the first coefficient of a quadratic covariant (I); 

a” (ae—gbd-+-3c”)—3(a* c®—2ab%¢ |-$4\=0 

when @ and ¢ are zero. 

-'. the first (and last) term of the r2ic (a#I1—3H®) disappears 
when # and ¢ are zero. 

11, C==(a#I— 3H), 

This covariant is of order 4 in the coefficients, and 12 in the 
variables. Since theory, shows that the points of this covariant 
are associated in pairs, we have six different pairs of points which 
may be chosen as ground points. 

Thus we have six different pairs of linear factors of the covariant 

C which may be used to transform the quintic to this canonical 
form. Hence we have 

Theorem 1: A non-singular binary guintic may be brought by linear 

transformation to the canonical form (ax®-+-rocxy® 4-rodx®y34.fy>) 
in six different ways. ‘ 

It may be interesting to know that C, in turn, is found to be the 

Jacobian of the quintic and another covariant §, whose second 
term disappears when 4 and ¢ are zero, and is of the ninth degree. 

Using Bruno’s tables: 
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S=1, b394+-3(63.3 b1.6+b22 $5.7) —b35 bistobag 5.9: 
II Prosrem: To find the covariant C, upon which to take the 

ground points in order to reduce the sextic (a,d,c,d,e,f,¢)(xy)® to 
‘the form where 4 and fare zero. 

(a? d—jabc--26%) is the first coefficient of the Jacobian (DE 
(ac—*) is the first coefficient of the Hessian (H). 
(a) is the first coefficient of the sextic (a). 
(a®*/—sabe+ 2acd—6bc® +862 d¢) is an octavic covariant CL. 

2(a?d—3abc-+ 263) (ac—b*)—a® (a®f—sabe+2acd—6bc? |-8627)—=o 

when 6 and // are zero. 

.'. the first and last term of (2HJ-—a?L) disappears when ¢ and 
f are zero. 

This is the form of Brill and Stephanos. 
This covariant is of order 5 in the coefficients and 20 in the vari- 

ables. 

Theorem 2: A non-singular sextic may be brought by linear trans- 
Jormation to the canonical form (@,0,¢,d,e,0,¢)(xy)® in ten different 
Ways. 

This 20th degree covariant is further found to be the Jacobian of 
the sextic (a) and a covariant S, of the 16th degree, whose second 
term disappears when 6 and fare zero. 

(a) is the first coefficient of the sextic (a). 
(we—gbd-|-3c*) is the first coefficient of a quartic covariant Cran 
(ac—6*) is the first coefficient of the Hessian (H). 
Forming the combination (2a?K—-H?): 

2a* (ace—gbd+-3c°) —(a%c®—2ab2¢-+-b4)== 

2a%e Sarda-| sarc? \-2ab®c—64 

Using the operator D, 

a ed ad a a a on 2 52 5 ashe ee ley Ci Sada Me 
(s Me ae ag a i os) 

To obtain the second coefficient, we have: 

(4a3f—2ga*be- goa? cd--8ab?d—goa®cd 

{+-20abC® +2003 c-|-65( - —)==0 

when 4 and / are zero. 

(oq ee (2a PEIN 2) 

III Prositem: To find the covariant C, upon which to take the 
ground points in order to obtain the canonical form of the sextic in 
which ¢ and ¢ are zero. 
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The following are first coefficients of covariants of the sextic in 
which ¢ and ¢ are made zero. 

a=Cy,4 the sextic 

ae gbad=Co 4 

a? d-+-369=Cy.19 
r6abd* —2ab*f=Cy io 

(Notated according to E. B. Elliott in Algebra of Quantics.) 
Forming the covariant C,, the coefficient of whose first term 

vanishes when ¢ and ¢ are zero, we have: 

Cy==12C8 ie Cu 46 48C? ae ad BC? 

Cog Cr 6 3° -8Cy g Ge lh 2agGe 
H Cad 2.4 

This covariant is of order 7 in the coefficients and 22 in the vari- 
ables. 

Theorem 3: Zhe non-singular sextic may be brought by linear trans- 

Jormation to the canonical form (a,6,0,a,0,f,2)(ay)® in eleven different 

ways. 

The covariant upon which the ground points are taken in order 
to drop the second, and next to the last terms of the- 

cubic is of order 2 in coefficients, degree 2 in variables; 

quartic is of order 3 in coefficients, degree 6 in variables; 
quintic is of order 4 in coefficients, degree 12 in variables; 
sextic is of order 5 in coefficients, degree 20 in variables; 

mic is of order (w—1) in coefficients, degree (n—1)(n 2) in 

variables. 

From the consideration of the above relation between the order 

and degree of the covariant and that of the quantic itself, we may 
conclude that, in all probability the order of the covariant is given 
in general by (n—r) and the degree by (n—-1)(n-—2), where 7 is the 

degree of the quantic whose canonical form is required. 



On the Action of Sulphuric Acid upon Strych- 
nine, in the Separation of this Alka- 

loid from Organic Matter. 

| RY 2. BH. 8. BAILEY AND’ WM. LANGE) i 

In the separation of the alkaloids from organic matter in the or- 
dinary toxicological examinations, it has been found convenient to 

purify the alkaloid from the last portions of organic matter by 
evaporation of the partially purified material with a drop or two of 
strong sulphuric acid, and the question has arisen, to what extent 
does this operation destroy the alkaloid. The concentrated acid 
destroys the organic matter, and it would be strange if it did not, 

| under these conditions, partially destroy the alkaloid or by hydroly- 
sis or in some other way so change it that its presence could not be 

| discovered by ordinary reagents. The object of these investiga- 
tions was to determine if possible, to what extent this process af- 
fected the delicacy of the tests for the detection of strychnine. 

The method employed for separation of an alkaloid from organic 
| matter is usually that of Stas’, modified by later investigators as 

the conditions of the case may suggest. For the separation of 
strychnine, the best method has been found to be to acidulate with 

: acetic acid, and digest at a moderate temperature with diluted 
alcohol. This alcoholic solution is then evaporated and an 

| aqueous solution is obtained, which is made alkaline with caustic 

potash and shaken with chloroform several times; the chloroform 

solution is separated, and evaporated to dryness, and the residue, 

dissolved in a drop of dilute acetic acid, is tested for strychnine by 
| the appropriate reagents. If this residue is still impure, it will be- 

come colored when the sulphuric acid is added to it, on account of 
the decomposition of organic matter, for pure strychnine salts and 
sulphuric acid give no coloration, or only the very faintest trace of 
color. 

The color tests for strychnine are considered very satisfactory if 
carefully performed, and in connection with the precipitation by 

| alkaloid reagents and the examination of the crystals by the micro- 
’ \ 

(205) KAN. UNIV, QUAR., VOL. VI, NO, 4, OOT.,, 1807, SERIES a, | 
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scope, and with the physiological test also, they can be depended 

upon to identify the alkaloid. Our experience has been that the 

most delicate tests could be made by the use of sulphuric acid and 

potassium bichromate. In this case the succession of colors, blue, 

purple and red is very characteristic. ‘The color with some other 

oxidizing agent, as manganese dioxide, is frequently of value as a 

confirmatory test, especially in the presence of other substances 

such as caffein. With this latter reagant the color reactions ap- 

pear more slowly, but are just as definite finally. 

In these experiments the delicacy of the color reaction with sul- 

phuric acid and potassium bichromate was first established. In 

order to do this, solutions of strychnine of various strengths were 

prepared by dissolving a known weight of the alkaloid in acetic 

acid and water. The strength of these solutions varied from one 

grain of strychnine dissolved in 1000 cc. of water to one part in 

1,000,000. One tenth of a cubic centimeter of the solution, corre- 

sponding to one-tenth the weight of strychnine in one cubic centi- 

meter, was evaporated to dryness on a porcelain crucible cover, 

over a water bath, taking care to have all the strychnine deposited 

at one point on the cover. This residue was then moistened with 

one drop of concentrated sulphuric acid and a minute particle of 

potassium dichromate was drawn through the droplet with a fine 

glass rod. This gave the characteristic color reaction. Beginning 

with a concentrated solution of strychnine, the tests were made in 

solutions of greater dilution till a point was reached at which it 

was not possible to detect the alkaloid by this test. The micro- 

scope was not used in the examination of the color test. 

In the second series of tests, after evaporating the solution to 

dryness on the porcelain cover, it was treated with a drop of con- 

centrated sulphuric acid, and heated for fifteen minutes on the water 

bath, then the test was made in the usual manner. 

In the third series of tests the conditions were such as would 

prevail in the ordinary course of analysis, when organic matter is 

present. To each portion, before testing, a measured quantity of 

extract of beef was added, twenty-five cc. of alcohol and a few 

drops of acetic acid and the whole was digested for an hour ona 

water bath. The mixture was then diluted, filtered, and evapo- 

rated to dryness on a water bath, allowed to cool and dissolved in 

water acidulated with a drop of acetic acid. The solution was 

made alkaline with potassium hydrate and shaken out twice with 

chloroform, about ten cc. of this solvent being used each time. 

The mixed chloroform solutions were then evaporated to dryness 
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at r00® and the residue was moistened with a drop of sulphuric 

acid. This was warmed for fifteen minutes, then dissolved in water 

made alkaline with potassium hydrate and shaken out three times 

with chloroform. The mixed chloroform solutions were evaporated 

to dryness on a water bath, concentrating the residue to a small 

point on the porcelain surface, and the test was applied as in the 

preceding cases. 

The results of these tests were as follows: 

DOLICAGY, OF THE: CHEMICAL. TESTS. 

Fractions of x=limit, t=test). 
~™ US iin) ~H Nel pon! ww iar) > 2 

Ben aS She fe es 
oo aes ig — 

Series I. Tests with the plain solution: 

Mahe Winer 6 1 ! 6 t t t t t t t WHY a) t t t x 

Series II. Tests with strychnine and sulphuric acid. 

RST A AE De Ue Or tO RAD EMO ke Ot eat GeO beatae 

Series III. Tests with strychnine, sulphuric acid and organic matter. 

eG et 
" 

These experiments show that, though great care was exercised 

in the treatment of the residue, the action of the sulphuric acid 

decreases the delicacy of the reaction, so that although 25-100,000 

of a milligram was detected in the original solution, after heating 

with sulphuric acid only 11-10,000 of a milligram was detected. 

After the treatment with sulphuric acid and the shaking out with 

chloroform, it was not possible to find the strychnine except in a 

solution that contained 2-100 of amilligram. It is evident that the 

treatment with sulphuric acid does diminish the delicacy, but that is 

not so large a diminution probably as the process of shaking out 

with chloroform. Although chloroform is an excellent solvent for 

strychnine, one part being soluble in eight parts of this menstruum, 

still so much of the strychnine is still retained in the organic matter 

that the portion that can be obtained from the chloroform solution 

is only a fraction of that which was originally present. It is prob- 

able that by more perfect extraction with chloroform, a greater 

quantity of strychnine can be obtained, but the experiments de- 

scribed above are made especially to show what will be the result, 

if the ordinary methods of extraction are followed. 





A New Labyrinthodont from the Kansas 
Carboniferous. 

BY Se Wy -WILLISDON. 

With Plate XXI. 

The past summer Mr. Herbert Bailey, of the University of Kan- 
sas, discovered, in the vicinity of Louisville in this state, a large 

fossil tooth in most excellent preservation. An examination of the 
tooth proved it to be of such especial interest that I shortly after- 
ward visited the precise locality where it had been found, at the 
crossing of the Vermillion, east of Louisville, in company with Mr. 

Bailey. The geological horizon was determined by the discovery 
of other bone fragments, in situ. It is a dark grey shale. Below 

the bridge at the crossing there is an outcrop of about twenty feet 
of these shales, but no massive limestone layers, so that, without 

further examination, the precise position of the beds can not be 
determined. They are, however, nearly at the upper part of the 
Carboniferous, probably within one hundred feet of the Manhattan 

Limestone. 

The specimen preserved comprises the entire 
crown, measuring thirty-eight millimeters in length 
by fourteen in diameter at the base. The imme- 

diate tip has been partly worn away in life, but 
Was acuminate. It is composed of a dense black- 
ish material, with the exterior smooth, shining 

black. It has about twenty narrow flutings nearly 

straight, running from the base to the tip, separat- 

ing shallow grooves. A transverse section of the 

base shows a narrow pulp-cavity not more than 

Lawn naiedore five millimeters in diameter, which extends in about 
Tooth—natural size. the same proportional width to beyond the middle 
of the tooth, and in all probability to near the apex. The cross- 

section of the tooth throughout is nearly or quite circular. 

A hemisection of the tooth was made near the middle showed 

a structure most remarkably like that of MZastodonsaurus. So nearly 

alike, in fact, that I can discover no difference from the large figure 

(209) KAN. UNIV. QUAR., VOL. VI, NO. 4, OO'., 1897, SERIES A, 
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given by Owen of a section of Mastodonsaurus. Indeed, had the 
tooth been found in Triassic deposits, without other evidence, it 
would be referred to that genus. Whether or not important struc 
tural differences in the labyrinthodonts are accompanied by differ 
ences in the microscopic tooth-structure I cannot say, but, until 
such is shown not to be the case, the present tooth may be referred 
to the genus MMastodonsaurus. 

from the difficulty of obtaining a sufficiently thin section of the 

very opaque material of which the tooth is composed, I have not 

been able to make a photograph showing the entire structure. 

Such, however, is unnecessary, as it will show but very little not 

already given by Owen for JZastodonsaurus. 1 give in an accom 

panying plate a half-tone reproduction of a photograph of a small 
portion of the tooth, showing under high magnification the minute 

structure of the dentinal tubules. 

The discovery of this tooth in the Kansas Carboniferous is of 
great interest, proving, as it does, the presence of true labyrintho. 
donts from a lower horizon than I can find any record of elsewhere. 
It is the only labyrinthodont hitherto discovered in America, I be 

lieve, aside from some fragmentary remains from the Triassic, 

described by Cope. The footprints of Amphibians, described by 

Marsh from the Osage beds, show very clearly that such animals 

were both diverse and abundant in the Upper Carboniferous times 

of Kansas, and it is not at all improbable that some of those which 

Marsh described were made by animals with teeth like the one 

described, inasmuch as the geological horizons cannot be far sep 

arated and may be identical. 
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Lantern or Stereopticon Slides. 
Duplicates of the extensive collection of original Lantern Slides made expressly 

for the University of Kansas can be obtained from the photographer. 
The low price of 33% cents per slide will be charged on orders of twelve or more 

plain slides. Colored subjects can be supplied for twice the price of plain sub- 
jects, or 66% cents each. 

Send for list of subjects in any or all of the following departments: 
PHysIcAL GEOLOGY AND PaLEonTroLoGy.—Erosion, Glaciers and Ice, Volcanoes 

and Eruptions Colorado Mountain Scenery, Arizona Scenery, Restoration of Ex- 
tinct Animals, Rare Fossil Remains, Kansas Physical Characters, Chalk Region, 
and Irrigation, Bad Lands of South Dakota, Fossil Region of Wyoming, Micro- 
scopic Sections of Kansas Building Stones, Evolution. 

MINERALOGY.——Microscopic Sections of Orystalline Rocks, and of Clays, Lead 
Mining, of Galena, Kan., Salt Manufacture in Kansas. 

Botany and BacrErioLocy.—Morphology, Histology, and Physiology of Plants, 
Parasitic Fungi from nature, Disease Germs, Formation of Soil (Geological). Dis- 
tinguished Botanists. 

ENTOMOLOGY AND GENERAL ZooLoay.—lInsects, Corals, and Lower Invertebrates, 
Birds, and Mammals. 

Anatomy.—The Brain, Embryology and Functions of Senses. 

CuEmistry.—Portraits of Chemists, Toxicology, Kansas Oil Wells, Kansas 
Meteors, Tea, Coffee and Chocolate Production. 

Puarmacy.—Medical Plants in colors, Characteristics of Drugs, and Adultera- 
tions, Anti-toxine, Norway Cod and Whale Fishing, 

Civit ENGINEERING Locomotives and Railroads. 
Puysics, AND ELgecrricaL ENGINEERING. —Electrical Apparatus, X-Rays. 

ASTRONOMY.—Sun, Moon, Planets, Comets and Stars, Many subjects in colors. 

SocroLoGy.—Kansas State Penitentiary, Indian Education and Early Condition. 

American History,—Political Caricatures, Spanish Conquests. 
GRE Ancient and Modern Architecture, Sculpture, Art and Texts. 

Grrman.—German National Costumes, in colors, Nibelungen Paintings, Life of 
Wm. Tell, Cologne Cathedral. 

Fine Art.—Classical Sculpture and Paintings, Music and Art of Bible Lands of 
Chaldea, Assyria, Egypt, Palestine, and Armenia, Religious Customs of India, 
Primitive Art and Condition of Man, Modern Paintings and Illustrations. 

For further information address E, S. TUCKER, 828 Ohio St., Lawrence, Kan. 

50 YEARS’ 
EXPERIENCE, 

TRADE MARKS, 
DESICNS, 

COPYRIGHTS &c. 
Anyone sending a sketch ana description may 

quickly ascertain, free, whether an invention is 
probably patentable. Communications st rictly contidential. Oldest agency for securing patents 
in America. We have a Washington office. 
Patents taken through Munn & Co. receive 

special notice in the 

SCIENTIFIC AMERICAN, : beautifully illustrated, largest circulation of any scientific journal, weekly, terms $3.00 a year; 
$1.50 six months, Specimen copies and HAND BOOK ON PATENTS sent free, Address 

MUNN & CO., 
361 Broadway, New York. 
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TRADEMARK, 

» BETTER THAN EVER” 
The 1897 BEN-HUR BICYCLES embody more new and genuine improvements 

in construction than any other bicycles now before the public. Never before have 
such excellent values been offered for the money. Our new line, consisting of eight 
superb models at $60, $75 and $125 for single machines, and $150 for tandems, with 

the various options offered, is such that the most exacting purchaser can be entirely 
suited, 

CENTRAL CYCLE MFG. CoO., 
72 GARDEN STREET. INDIANAPOLIS, IND. 

OUR FINE POSTER CATALOGUB MAILED FOR TWO 2-°CENT STAMPS, 
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