A TERTIARY HAMMALIAN PAUNA
HEAR TOWOPAH, NEVADA

Thesis
by

Faul €. Henshaw

HEQUIBEMENTS FOR THE DEGEEE OF DOCTOR OF PHILOSOPHY
CALIFORNLIA INSTITUTIR OF TRCHNOLOGY
PASADENA, CALIPORNIA

1940



CONTINDS

Page
ABSTRAQT . . " * N . . . . o i1

Immmﬁ@l Qﬁ L3 L] - * L 3 @ » } & B 3 m
ﬁﬁmﬁ@mmmﬁ 3 " % 13 L2 L3 & £ % 2
mm%x Qﬁ * * * * [ ] ' L » £l L] $
ﬁ}: @Eﬁm m %ﬂ ﬁ%‘b & * #: L3 [ » 3 - &
GHOLOGIC OCCURRENCE AND NOMENGLATURE OF wDs L 16
8tratigraphy. . . . . . . . . 18

5! ’b rac ﬁu&*@ % . L] [ 4 e 1& '
Hollusenn and nisa&ns fanaa@ . . . . . 19
OOODRRENDT AND PRISERTATION OF PORSIL MATIRIAL . . N 21
Loesl correlation, . . . . . . . 21
Lacustirine facles. . . . . . . 21
Balinity of the Miocene 3&&@ . . ' . . 22
Deléa facles. . . . . . . 28
Pregervation of the faa&ila* . » N . . 23
FAUNAL CENBUS AND ERVIROmMENR . . . » . ‘ 26
CONDITIONS OF ACCUMULATION AND BURLAL. . .. 28
COMPOSITION AND STLGE OF EVOLUTION OF FAUNA . . . 30
Great Basin . . N . . . . . . 38
Pacific Gomst . . . . . .« . 37
Great Pleins. . . . . . . . . %8
Paunal liste. . . . ‘ . . . 41
%fﬁﬁrﬁ%fﬁ’ 3 ﬁ Q@ﬁﬁmw I a’ﬁt oy & ® I * w * ‘@5
Em %ﬁ-ﬁﬁi;}f&ﬁ « - - 9 " ® . » . 4&
¥etechinug fergusoni n. sp. ‘ . . . . 46
RODENTIA AND LAGOHORPHA by Bobert W, Wilsonm . . . 53
"Mylaganlus® sp. . . . . . . . 51

0f. Butemiass ateles ﬁall . ' . Bl

0f. Peromyscus longidens Hall, ar m&gsi@ly . ap, . 52
Ewalﬁgaﬁ ﬁp & - L3 ® * L3 % ® ® &E



3&% x m » L3 * * & & & w ® ﬁﬁ
Tonaretus paniam e BOD. . « . . . B4
Tomarctus? kellogel (ﬁerriam} . . . . . 60
Tomoretus Lrevirostrie Cope. . . . . . 64
Leptocyen vafer (Deidy) . . . . . &5
Aslurodon wheelerisnus &s%haamatg&&a . WEF. . 68
Amphioyon? ap. . . . . . . . v ki

HUSTRIIDAR . o . o . . 77
Brachypsalis pa@hyn@nhalas ﬁap@ ‘ . . . . Vi

yﬁnz Eﬁg\ L4 2 ] - £ 3 k3 L] £ 8;@
Pgeudaelurus inﬁr@gi&u& &a&&y ‘ . . . . 83
Ey%@hipmus nax? effinis {kai&y} . . . . 84
Heryehipone celamarius {Cops) . . 97
Comparative ssteology of Hypohippus aﬂ& E@r@@hﬁ%@uﬁ . 117

mgﬂg‘?}mzmﬁﬁ » L 2 & ® L ! }'33
Aphelopel cristalatus m. sp. . . . . . 132

Gmﬁm 2}4’* & ’ - . ® w v L L3 }\%5
Altiocamelus? a%ea&i ﬁ, 8. . . . . . 148

ANPILOCAPRIDAR . e e e e 159
Merycodus loxocerus ?&rlamg . . . . . isl

Meryendus hookwayl Furlong . . . . . . 181
LITERATURE CITED . . . . . . . 163

i1



ABSTRACT

4 eollection of mesmelian foszils from near Tonopah,
Hevada, contains nineteen species, six of which have been reported
from no othey locslity. With more than 225 individusls in tl» col-
lection, the assemblage spproaches a twe renresentstion of the
sumerical frequency of species in o plalns feuna. Abundsnce of

skeletal elements of Hypohippus and Merychippus efforde material

for detailed osteclogloal comparison.

Geological reconnalssance in the area about Californis
Institute of Technology Vertebrate Paleoniology Locality No. 172
led %o the discovery of a conbemporary inland lake faunal facles
containing dlatoms, mollusce and fish. The occurrence of the mammal-
{1an fossils in gravels and cherts, as well as in clays, indicates
that the bones were deposited near the anﬁr&maa of 2 stream into a
galine lske., The emall stratigraphic extent of thﬁ'@aaxry, the close
association of the bYones, and the limited morphelogleal waristion
within abundantly represented spocles suggesis that the fauns is
unmized.

The mamsalisn sssemblage is correlated with the wpermost

Barebow and ie designated as Upper Miocene in age.
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A TERTIARY MAMUALIAN PAUWA
FROM THE SAN AWTONIO MOUNTAIWS

INTRODUCTION

Msoovery of fossil mammals nesr Tonopah, Nevada, affords
opportunity not only to daté sigmificent geologic svents in the west-
gentral part of the state, but also o recreate the plaing life of the
vogion during Upper Hiocens time. | The founs containe nineteen species,
six of whioh sve known from no other locality. Close sssoclation of
the memmalian assemblage with remaine of distoms, molluscs and fishes
in the stratigraphic record establishes a definite correlation in
bime between these groups. The value of the discovery ae & record
of Upper Hiccene 1life is grestly emhanced by the simultaneous eccur-
rence in a limited area of these two entirely differemt and conplenen~
$ary facles of contewporary feunas. This ocourrence of faunsl facles
representing arid plains and inlsnd leke furnishes intereeting and
detailed information as to the paleogeography of the reglon. Abun-
dence of individual mawmals from & quarry of narrow horizontal and
vertionl limitetions provides & large unnixed fauna on which to base
paleoscological studles.

The fomail mems
was discovered in 1922 by H. 6. Ferguson of the U. 8. Geologleal

al ocourrence in the San Antonic Mountaing

Survey. A letter from Mr. Perguson under date of March 9, 1940 gives
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the following interesting statement concerning the discovery and

development of thie foasll site?

#1 found the locality in the summer of 19232 during
the gourse of reconnalssance mapping ¢f the Tonopah
quadrangle. The discovery was purely accidental, and
not the result of any systewatio search., The fossils
were sbundantly exposed at the surface in a bed of
greenish marl about two feet thick and traceadle aleng
the strike foy something over 100 feet. SHomeone, pro-
kably a prospector, had been there before me, as there
was 4 shallow hole cut with a plck. ZEvidently he was
not interested. I made a small collection, shiefly of
teeth, and these were later ldentified by Dr. Midley.
Later in the sezson another collection wag made . . .
I later gava Dy. Stock a note as to the locality smd
84111 later showed the place to Mr, H, {. Clinton, a
mineral colleotor at Manhattan, Nevada. Nz, Clinton
collscted at the site before Dr. Stock's party, and I
helieve exchanged fousils for minerals with different
masuss and universities. Then I revisited ths site
in 1927 with Professor Huller of Stanford, I was astone
ished at the large scale mining done by the Ualifornia
Teeh. party.”?

In 1931 and 1932 field parties of the California Institute of Pephe
nology earried on quarrying operations in the wost productive pore
tions of ths fossilebearing horizon. In 1839 in the course of a
brief geclogical recomaissance of the ares, A, B, Drescher rele-
ested an invertebrate horizon nearby which had heen described by

Svurr. In addition, Drescher discovered the foseil remains of fish

at approximately the same horizon.

ACEHOWLEDCHENTS
1% has beem my great pleasure and good fortune to have

in Dr. Chester Stogk, an adviser whose keep perception, invaluable



gounssl, indispensable aid and critical reading of the nh&umur&pt
have bean u constant source of encoursgewment and inspiration. I
em indebted $o E. L. Furlomg who prepared much of th# material

and furnished many valuable suggestions. R, ¥W. Wilson kindly con-
tributed a statement regerding the foseil rodents and lagomorphs
in the collesction. ¥For thelr courtesy, cooperation, and helpful
suggestions I am obligated %o the siaff of the Mussum of Paleonw=

tology, University of Salifernia.

LOCADION
The foesil materisl in the Tonopeh collection wag

found ot the Cnlifornia Institute of Technology Vertebrate Pale-
ontology ocality No. 172, The localidy lies on the weataern
flank of the San Antonic Mountsins, approximately nine miles morth
of Tonopsh, Hevada. The arvea where the fossilliferous sirala ave
exposed 1% located =% & point 3.567 miles N. 39° 7. of the U.5.5.3.
.0, 206, U.5.06.3., topographlic mesp "Tomopah uadrangle,® Nevada,

edition 1808, raprinted 1922,
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Fig. 2 - Southeastern portion of the United States Geological
Survey Tonopah Quadrangle showing the location of the California

Institute vertebrate fossil locality in the San Antonio iountains.

Scale 1:250000. Contour interval, 100 feet.



HISTORICAL REVIEY
In 1868 William P. Blake read hefors the California
Aczdemy of Soiences a short notice pointing out that "fossil-
ized rish are found in a light colored alay5sh@3& in tha e
tains o fow miles north of Silver Pesk.® He dieplayed a fow
of the speclimens, tut 41d not venture ta.identify them,
Tha first published notice of extenalve freshewater
deposits im the Silver Peal region appears to be that of M, A,
Enapp, o nining engineer. Kuapp {1897) describved particularly
the conl deposiis ocourring in beds al the north end of the 81l-
ver Peak Rangs. HMollusean remains aollectsd Wy Xnapp near the
¢oal beds wore ezamined by Dr. J. C. Nerriam of the Universivy
of Galifornia. Dr, Herriam found the followlng four species iIn
the collectiont
Coampoloma &p.
Unla so.
Planorbls, like spectabilig Mesk
Aneylus, like yndulsatus Meek

He suzgested that the shells were sarly Mioseme or late Hocens

in apee,



H. %. Turner (1900A) named and briefly described the
Esmeralds formation. He atates that "in Zsmeralda County, Nevada,
there are extensive deposits of Tertiary sediments which contain
at some points shundant plant and animal remsing.* Along with the
freshwater lake deposita occur beds of Tertiary cosl, potaihl# Mio=
cene in age. "The beds of the Esmevalds formation are inclined at
most points, dipping ususlly from 10° to 40°. o absolutely cen-
tinuous section of the entire serles wae obtained, but the toial
thicknese may be several thousand feet.

“The base of the series as sesn near the cosl mines is
somposed of sandstone chiefly, with some shale, aggregating perhaps
2000 feet. In this terrane ocecur the coal, the dicotyledonous
leaves and mont of the fossil shells.

HAbove the gsandatones is a considerable thickness of
buff shales containing at a few pointe very sbundant foesil fish.¥
On the east side of Big Smokey Valley well-comenied heavy-bedded
breccias and conglomerates of Paleozole detritus overly the uff
shales and are interbedded with the sandstone of the lemeralda
forpation.

HThe %top of the series 1s made up of lacustral maris and
white shales, containing fish bones, and ab some voints these beds
are capped by rhyolitic and basaliic lavas and tuffs, There are
also some layers of rhyolitic and andesltic tuffs lower down in the
formation, and these veoleanic layers frequently contaln giliecifled
wood. Paulting has dleplaced the beds st many points and it is

therefore aifficuld o estimaie the ontirs thickmess of the formation.t



In his more cemplete report published later im the yesr,
Turner (19008) described the stratigraphy and structure of the
Esmeralds formation in detail. He estimated the total thickness
of the beds at 14,800 feet, Turner mentions the occurrence of cal-
eareons tufa at one locallity in the series.
F. H. Enewlton (1900) examined a florula collected by
Turner at iws looslitiss in the Zeweralds formztion. These fossil
plants embraced fourteen forme, all but one of which were regarded
a8 new. Most of the new forme were Tound referable to wellwknown
living gonera.
List of Possil Plants
Gleichenial obscura Knowlten
Dryopteria? gleichenoides Xnowlton
yema? nevodensis Xnowdton
Salix angmstal 4l 3r.
Salix vageinifolis Kuowlton
Selix wp.
Balix? sp.
Suercus turneyd Knowlton
Quercus arsentum Knowltaﬁ
Ficus lacustris Knowlion
8 pollardizna Knowlion
Cerets? g,exgﬁan,gig Enowlton
Shonohidtum? turnerd Enowlton
Bhus? nevadensig ¥nowlton
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Indet.
Knowlion assigned ne geological zgze to the Florals.
¥o & Imcas (18004 and B) doseribed as a new species,
Leuclsous Jumeri, a small fish obiained by Turner in the Yameralda
deposits of the Bilver Peak (uadrangle, In the title of one of the
published notices (1%004), Imeas euggested that the specles was
Bloosne in age.

J. HE, Spurr {1908, pp. B1-85) in the study of the Tenopnah
wining district defined the Siebert tuf? {luke beds) as consisting
of white stratified wuiffs, beautifully and uniformly bedded, and
composed of well sorted meterial. He noted that where bYede of con-
glomerate ocour the pebbles are perfecily rounded. The principal
deposits include several hundved feet of lake beds of consistent
finewgrained character containing fregh-water Iinfusoris. Sandy and
cross-hedded sedlments weve considered to represcnt shore and delia
facies. Spurr concluded that the lake must have been of consider-
able size from the fact that over 600 feet of luke beds are exposed
on Biebert mounteln, with neither top nor botiom exposed., Me hypo-
theeized that the lake basin originated from s crusial depression
that followed voleoanio activity snd was perhsps coupled with a ¢li-
matie change to 1ﬁaraaaeﬁ rainfall, %The sedimentary materiale wers
derived wostly from glassy dacites and rhyolites. Ildmited depusits
of veleenic ash and small lava flows indicate that mild vulesaisnm

contimed during depﬁdisian af the lske beds. Uppersbede of river



gravels, some of which conteln petrified wood, inddigate uplift and
renawed erosion of the highlands sznd mark the conclusion of lacustrine
&apaé‘itian.
Pron some of the tuffs Spurr sollected infusoris which
wore identified by 3. M. Bsgg, Jr. as followe:
Iist of Matom Species

Galifonells grenulata Bailey

Gallionelle wvarians Ag.

Cosginodiacus radiatus Zhrenberg

in the same publication, Spurr (1908, pp. 66=67) mentions
& locality 8 miles nmorth of Tonopah and one mile west of the little
mining camp of Bay where there ovours a series of folded gravels,
tuffs, lavas and some white, thin limestones carrying numerouns Zocene
foussile. ¥, N, Dall noted that the fossile are like those frem the
Wasateh or Bear River Jaramie Eocens of White and Heek.
List of Mollusoa
Yivipara near ¥. coueni
Planorbls utahensis Moek
Aneyius? wp.
forbiculal of. Sphasriup idahoense Meel
Of Qorbienls Dall remarked that ®the specimens are merely
internal casts, but if they are really Corbiouls they may prove to be
&+ pepldentalis Mesk, Thely condition iz too lmperfect io be sertain
even of the genmus, ut $he form closely approaches that of the figurees

of 5. idahoenss." Spurr states further that: “These (beda) overlie
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the Palsozoic limestonos near Hay. BSimilar beds wers noted at several
places between Ray and Sodaville, They are probably continuous with
& part of the Tertiary deposits of the Silver Peak and Monte Cristo
mountains.,

Following Spurrts intensive study of the Tonopah reglom,
8, H. Ball (1907), F. L. Hansome (1507 and 1909), and later Adolph
Enopf (1921) applied the toym Siabert formation 3¢ s serios of volcanics
sud lake bads in widely scattered localities throughout wost-ceniral
Neveda snd eastern California. H, . Perguson {19234) hae poiated
out that all of these authors falled to restrict ths name Blebert
formation %o Spurr's definition. All of them broadened the f’nmamnn
to include eguivalents of Spurr's underlying Fraction breccia. Ferguson
suggasted that the Bsmeralds formation of Zurner 44 the approximate
sguivalent of the Fraction breccia snd Elebert fuff combined,

Hapold Hannibal (1812} sumnsrized the Becent and Tertiary
frashewater mollnecs of the CaliTornian provinge. He included a number
of specien vecorded frow the Truckes lake beds, Nevada. WFor the now

gpwcies whioh be described as ¥Yiyiparus turneri Hannibal clted several

loomriities in the wvicinity of Silver Peak.

Junius Hemdorson (1835, p. 226) in veviewlng the fossil non-
marine mplluscs of North Americe points out with regard to Mamnidal's
contritution of 1912 tmé "his synonymies and olassification im this
paper are notably erroncous.® Henderson deleted nll apecles of indefi-
nite looality from Ranniball's 1list of forme from the Truckee beds and
combined the remainder with the molluecam fsuns reporbed by Turner from

the type Zameralda.
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Iist of livllusca {(Henderson, 1938, p. 46)
Lsmerslda beds, Silver Peak reglon, Nevada
Unio sp.
Sphaerium gatharinae Hennibal
Plenorbis eu;ggllerégaviﬁannibal)
Zanx like wndulstus (Keek)
Yivivsrus turneri Hannibsl
Truckee beds, Hawthorne, Hevada
Pisidium? meeki Hannibal
J. P. Puwalda (1914} described the Hsmeralda formation
in conslderable detail as it occurs in Stewart and lone Valleys in
the vicinity of Cedar Mountain, Nevada. He discussed the distribue-
tfnﬁ‘ lithology, thickness, siratigraphic relations and structurs of
the formation, Mammalian fossil material collected From the Esmeraldas
by Iuwalda and 3aker wgs:eeudiea Wy Professor J. €. Herriam. The
fossil mammalian remaine according te Buwelda (1914), *are most
abundant in sandstones asnd in ashy deposiis; alpartion of & single
connedted skeleton was found in limestone. A few apecimens were
found in beds of coarse sngular terresirial materisl.' The age of-th@ :
fenne wae dotermined as approximately Uﬁper ¥locene., Duwalda fdenii~
fied four specles of fresh-water melluses in the colleections from ths

Hemeralda heds in Ione and 3tewart VYalleys.
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List of Hollueca

Heliosoma gopdillerana Hannibal
Yivipersus turmery Haunibal

- Kelania, near sculptills Meek
Sermeooyclae moskt Hannibal

Buwalda traced the bsds in lone Valley by sontinuous oube
graps Lo the type Immeralds locality, and found the £irgt two of
the nolluscan spacies glven in the above list occurring in atmundance
in the type #ection,

Tumalda states that the scattared distribution and oceanional
conrse atrata of the lake sedimenie sugzgest molerate toppgranhic relief
at the time of thelr deposition. The faot that the sediments first
atarted to acoomulaste in the Unmey diocene indicstes shat the local
drainuze had snen external orior to thal time. Pure ash layows in
the sediments wore darived frop contemporaneous oubtharats of wuloanism,
An abundancs of leaves, silicified wood, and remains of hervivorous
mammals indientes local econditions of abundent plant growih and n
fairiy molat elinate. The ocecurrence of a largze lake in a region which
new conteine only muell plays basine further sugegests o somewhab graater
rainfall in the ares during diocene tims. The presence of cemels and

grezing horses was internreted as indiesting a vegetation of the plains

type rathey than & forest cover,
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Merriam (19184) reported on the fauna of the Cedar Moun-
tain reogion collected by Puwalds end Baker. The literature on the
rogion was veviewsd, Merriam drew larzely on the published obaeye
vations of Buwalda's geolagical reconnaigeance for his information
nn the Cedar Mountain bode and the relation of the fauna o its
environment. Mention was wmade of twp fishes sxzamined hy Professor
J. 9., Sayder, a salmon~like form and a eyprinnid: s testndinate,
possibly Chlemmys: sad three ducks identifisd Yy L. H. Miller as
Jettion carolinense (fmelin), Maxdlas gollaris (Donovan) and Juarque=
gula gyanopters (Vieillot)t. In his discussion of the faunal rela-
tionshipsz, Merripm notsd that the mamuslsz included elemente of both
orinltive and advanced types, and suggested thst more than one
Fauns might be repressnted. He compared the stoge of the faouns to
that of the Barstow and Saniz Fo.

In 1924 8, H. Cathesrd avcembled s =masll collection of
foesil plants from the Zsmerzlde, The fossile wers dzken from a
coel prospect 4 miles southeast of HMorgon BFaneh sond 15 miles west
of Heowthorne, Mineral Coumty, Wevada. ¥, . Berry {1927) examined
this flora and in the light of better and more zhundant mzterisl was
atle to rovise and 248 to the earlier liste Yy Knovlien,

Rovised Flors of Bemeralds Formation

Azolls tertinria Berry

Dryooteris obscura Inowlion
oha lesguereuxi Cockerell
Potamogeton lmowltoni Derry

g
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Salix inguirends Knowlten

Saliz knowlboni Berry

Salix ep. Knowlton

Belix? sp. Enowlton

Populue lagustris {Knowlton)
Quercus stwulste truncety Berry
Susrcus turmeri Knowltoa

Suercus grgemtusm Mnowlion
Ceratophylius fossilium Serry
wastalia? sp. Berry

Lhrysobal; pellardisns Knowlton
Qg;ggg? Reyzdensis Knowlion
Hme? nevaedensis Xnowlton
Sapindus leneifolius Lesquereuz
Zreps smericsns Inowlton
Yoocinium elliptious Derry
Jaccinium vecelnifolia (Rnowlton)
Cinghonidinn? turneri Enowlien

3

#ix of the plante im this flora are hygrophilous, while
twe are siream or lakeside in habitai. These water-loving plant types,
coupkd with an sbundance of very large fragwents of silicified wood,
fairly thick coal beds, smd vide distribution of dlatomacecus beds,
Purnish evidence that the oclimate of the region was considerably more
moist at the time of deposiiion than 4t is ot present. On the other
hand, four members of the flora are characteristic of seml-arid
regions. DBerry considered %hﬂt the known "flors doss not furanish

conclusive svidence yegarding the regional enviromment.® He compared
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the DLemeralds flora with that of Florissant, Mascell, Datah am
Payette, snd concluded thmt the Zameralda is *not older than Hide
dle Miocens and 19 almoat gertainly Upper Uidcens.®

Martheyr collecting in the Cedar Mountsin mrea and dise
covery of fosuiliferous strata in Fish lake Valley remewed interegt
in the faunas of the Ismersids Leds, Beports on varione finds fol-
lowed in guiok suceession (Matthew 1928: Burt 19295 Hall 1929;
Stirton 192% 2nd Hall 1930 B and C). Stirton (1932) summarized
the resulis of ‘a. study of the new material in conjuonction with a
restudy of the earlier Univeraity of Californis collections. He
found that at no single logality does 2 nmixed fauna ovour. A lense
of hrown a@dato&s sontaining fouslls of the older Meyychippug fauna
cocurs st a locelity dletinet from those charscteriged by the younger
Pliohivous-Hipnarion fauna, Stirton noted that the fossile of the
older feuns give evideuce of having heen reworked. The older Osdsy
Kousitain fauna was designated Middle Hiocens in age, The Fish Lske
Valley fauna was considered Lower Pliocene and equivalent te the
Upper Snake Creek of Nebraska. 4 comparison of the Plah heke Valley
and late Cedar Mountain faunas indlcates that these aseaemblages ave
the same or are closely related in 886,

In subsequent publicatione S$tirten {1933; Teilhard and
Stirton 1934: Stivton 1038, ) employed the old nsme Hamerslda to desigw
nate the Dowar Pliscene mammalisn remaine from ile Meh Leke Yalley
snd Qeder Mountain areas. Stewart Yoring was sugeested as a nape

for she Hiddle Miocene fauna obBained at U.0. bocality 2027
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{(Teilbard ond Stirton, 1934, p. 285) in the Cedar Mountain area. 4t
the ssme time, Stirton stated definitely thét "Herychippus testh
olesrly indicate that the Stewart Bpring fauns 1s, approximately,
equivalont o She Virgin Valley and not as advenced as the Santa Fe,t

The Califomis Inatitute of Technology Iecality 172 which
was discoversd by Ferguson, has ylelded an abundent fauns. Furlong
{1934} brisfly commented on the lovality and describsd $wo new snecien
of Meryoodus in the fauns.

Bode (1934, np. HE and BY) compared ths crown~heights of
upneyr snd lower meryehlnnine cheeketeeth sbtelnsd in founse from
the Mageall, Herychiprus zone st Coalines, Barstow, and 'f.‘on@ah,

In a paper rend befare the Paleontologleal Bociety, Pacific
Coast Branch, Stock (1874) desoribed the gkull and dentition of

Peeudzplurus intreniduc from Tonopah. Steck (1928, p. L0867, fig. 2e)

compared the lower deciducun molars of Heryehinous calamariug

{C. 1.7, No, 1827) from Tonoush with those in & section of Juw of

Pliphinnus tehonengis token from s woll core in the Chanesc formation,

Galifornisa,

In the orosent study o deserivtion 18 glven off the rewaine
ing species in the fzuna as represented by the collsctions of the
Galifornis Institute of Teckhrnology. An attenmet ie also mads o
demongtrate the yelationshing of the Fauna Yo other Vertisry mammslian

nasemblages of westem Nordth America.
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GEQLOGIC QUCURRENCE
AND
HOMENCLATURE OF FO3SIL BEDS

The deposits containing the mammalian fauna are those
which Spurr vieited and deseribed (1905, pp. 66-67) 8 miles north
of Tonopah and one mile west of the mining camp of Bay (sce above).
Though Spurr missed the vertebrate fossils, he collected shells from
the nearby Tertiary limsatones,

Btratigraphy. ~~Approximately a mile east of C,1.%. Vertoe-
brate Paleontology Looality 172 the Tertiary lake beds are found in
fault contact with Paleozoic limestoned. At several looalities in
the cores of anticlinal folds in the lmmediate vicinlty of the
mammalian fousil deposit, the beds can be seen to overlie pre-
Esmeralds lavas.

The section st locality 172 was estimated Trom nearby

exposures to be approximately 40 feet thick.

Thickness of beds Lithology
(in feet)
-3 Dendritie ealoareons tufs.
4 - 8 Gray-green silis, gravelly sand-

stone, occasional chert. Ixtremely
abundant mapmalian remaing.

25 Gray tuffaceous sediments.

8 {estimated) Gonglomorate with pebbles of green
and red volcanie rocks in green
matrix.,

Base Unknown,

The locality where Spurr sollected fossil invertebrates ie

locatsd approximately three-guarters of a mile due east of C.I.T.
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'&aaality 172. The section containing the invertebrates luw somewhat

thicker.
Thicknoss of beds Iithology
(in foet)
1 Dendritiec tufa tubeg and pipes.
30 Punky gray shale.
20 Alternating thin layers of light

gray taffaceous sendetone, light
gra:r punky shale, white cequlna,
fine angular gravel, light colored
calcarecus sandstone. Very great
shundance of Invertebrate fossils.
30 {estimated) White to gray soft shale.
Base Unknown.

A third roughly measured section 18 located on the south
side of the first important wash to the south of C.I.7. Leocality
172, It 1ies slightly more than one-half mils south of C.I.T.
Loecality 172, and is approximately three-quarters of a» mile south-
wost of Spirr's invertebrate locality. The section here is even

thicker than at 3purr's lecality.

Thickness of beds Lithology
{in feet)

4 -6 Dendritic tufa domes and pivpss.

35 Light gray, poorly bedded shales.

0.718 Heeistant gray sendy tuff.

1B Light gray shale.

i Dense, resistant, gray-white,
tuffaceous shale, Marker hed.

85 ¥edte, thin-bedded %o taminated,
diaten-besring shale.

Baze Andesitic voleanios cut by

hrecols dikes.
At about en&-—quaﬂar of a mile northeast of the locality

where the third gection was measured, the basal shales exhidit s
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gray-buff facies not so thinly vedded as the laminated shales of
the measured section. Thirty fest below the resislant one-foot
Markey Bed these gray-wuff chales containm abundant fish remains
slong with some foesil grasses,

At 8$11l another locality situated almost souidistent
from the locelitles of the three measured sections, fish remsins
similar to those mentioned shove oscur intimatoly sssoclated with
invertebrates of the types which sre found ab Svurr'e loeality.

In the vieinity of all the fossil-bearing localities,
the weather-resisting dendritic tufe beds form the highest remain-
ing horizen. Wo the west of C.I.7. Locality 172 les s cunsiderable
thickness of gently tilted buff mandotones whigh are thought %o be
younger than the thin fossilifercus searies,

Stmcture. ~-0, 1.7, Loeality 172 lies near the morth side
of a basin which reaches into the west flank of the San Antonio
Hounteine. The basin e slightly over a nile wide and chout three
pilles long., Haweralds ssdinents cover most of the ares within the
basin., A few wspattsred outcrops of pre~Demeralda lavas are sxponed
in the main wash where dowm-cutting and lateral planation have
stripped away the overlying lake heds. | The esetern end of the basin
is b@&eﬁ Wy a fauld gombact with the Paleozoic rocks. To the north
of the basin the Xemernlda sedimente are overlain with ercsional and
sngulay unconformity by Pllocene () andesiie. On the south the
aarrow basin iy bhounded by a rhyolite which Porzusen regarde as post—

Ysmeralds Upper MiGoene in age.
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The fospil~beanring etrate have been folded along essiewest
axes inte two synclines and an anticline. The steepest dips are less
than 28% All of the flemrén plungs gently eastward towerd the: main
front of the San Antonic Mountains.

Seversl minor transverse faults atriking west of north
have locally displaced the folded atirata., A longitudinel fault along
which the south side has moved eazet 2 few Ymndred feel lies almont
on the axial plane of the anticline. This minor faulting probably
goourred at the time of the folding of the sediments,

Molluscen and piscine founes.--In nddition to the memmalian
remains, the fossile obiained from the Tertiary lake bheds north of
Tonopah comprise & consldevable number of molde and sasts of four
species of freshwater molluscg.’ The anterior portion of one fossil
figh, an abundance of fish bones snd ecsles were almo found,

The mollusca have been tentativsly identified. They repre-
gsent the same four species vhich Snpurr collected and Dall ldentifisd.

Ravised Idat of Mollusca
Pistdium? meekt Hannibel
Planorbis of. cordillerans (Mannibal), small,
dizmeter 16 mm.
Lanx of. undulatus (Meek), large, length 20 mm.
Yivivarus turneri Hannibal

All of these specles are aspparently lacustrine in habitat

{Hannibval 1912).
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These mallusca are olosely allied to, although not iden=
tical with, the meombers of the mollusecaon fauna desoribed dy Buwalda
{1914) from the Zemeralda of lome and Stewsrt Valleys. Planorbis near
ubshensis differs from Heliosows gordillerens in ite smaller size and
move desply umbilioate shell. & elmilar close relationship yet lack
of identity existas between this Bsn Antoniy MHountain fauna and the
wmollusean fauna of the type Dsmeralda which was examined by Herriam
(Turner 19008, pp. 203-204).

A single foasil Fish in the collection has heea referred
to Leucisous turneri Iucas. Absence of the coudsl end anal fins,
and the imar preservation of the remaining skeletal parts render
impossible any detailed comparison with the typs of the spacies
from near Silver Pesk,

On the basis of extensive goologieal regonnaissance of
the areas, 1. . Ferguson includes all of these devosite in the Kemer
slda formation. Ferguson yemarks that "thae beds have the nome posi-
¥ion relative to older and younger formations as in Turner's type
locality, tkough, of course, there is not continuous guterop betweon
the two areas."

The similarity of the molluscan snd piscine fauns of the
San Antonie Mountain Esmeralda bede with the corresponding assemblage

of the type Esmeralda adds wsupport te the correlation made by Ferguson.
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WEION OF FOOSIL MATERLAL

Logel correlation.~-The mammaliasn fousil material was
recovered From stratified beds of grayegreen silt and ssudy sily
in vhieh ogour lenses of gravelly sandstone and cocasional beds
of chert. Although the fozsll mammel horizon i3 limited in verblcal
extent teo luss than ten feet, Ffossll reomaing reorosenting flost
materisls were found sontinuvously alonz the weatheyed outersy Tor
mare than one-half nile %o the southwest and seuth of the produciag
guarries., This striot stratizraphic limitation of the fessil-bearing
norizon proclaims the nurlty of the mammalisn fauna. The iaverte-
hrates and flshes are likewise strictly limited as to stratigrephic
horizon, The invertebrate-bearing marle and light grey shales fobal
not more than iweniy feet in thickness., A1l of the fousilferous
iocelitlies, both vertebrate and invertebrate, oocouy stratigraphieally
weneath the dendritiec tufs layer, a2nd presunsbly lie not far above
the local base of the Jemevalda sediments. It is balisved that the
Taunas of all of these San Antonioc ¥ounbaln looalities are sssentially

sontomnoraneous,

Lacustkrine facles.~-The large extent of the sedimentary

L88.E58-
deposits and the considerabls thickness of distom=boaring beds indi-
sate the exisience of a lake of considersble size in Uroer Hloocens
time. The light-colorsd shales apd merls of the fieh and inverie

Yrate locslities pust have been deposited far enough out iz the lake

to escaepe admixture with coarser stream~bornge sediments. Sporadie
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voleanice activity showeredl the lske and surrounding country with
Tive gray ash, much of which was i{ncornorated iz the offshore sedi-
mends of the lske. The merl, dlatomite, and tufa of the laocusiral
bads were denosited by organic and chemiecal achion.

Selinity of ithe Miocene lske.~-The layer of dendritic

bufa noted at the top of esch measuved section zppears %o be lden-

[y

tical in ibve character 3o similer devesits of Leke lohwntan, dsscribed
in detsil by BEussell {1885)., Tufa tubes, plpes, and hollow domes are
extremsly conpon in the horizon. For sinllsr etrictures 1n Yono Lake

and the Lehontan basin, twe voselble nodes of

3

2 £

ordigint HRirst, by the direct vprecivitstlon of celesrsous tufa

aoout suclel. EBeeond, from the nrecipitation of the same material
Fromw eprin riaing in lokes thet ave highly choreed »10h smineral

lake may hav
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sffecte znd act as polsons, even high concentrations of sodium,
potassivm and caloium salbs exedt little effect. Hance, waters
saline enough to form precipiistes {e.g. dendritic tufs and chert)
may still support normal or slmost normal mollusecan faunas.

Trough Leuciscus is dominstely a freshwater fish in both
Burope and ¥orith Awerica, many wmembers of the genus are found in

breekizh waters of the Balile Bea and in bays of the sasters and

wéstern shores of the Atlantic., Accerdingly, 1% e assumed that

slthough Leuwciscus turneri wmay be primerily s fresbwater type, this
o RSN SRR AN 2581 ¥

fish could persist for a iime al least under conditious of increasing

. . ) L )
Delis facleg.--The gray-green ailis,

indicative of

[&
i
ot
)
i
63
&
i
o
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e
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geessionsl cherts enclosing the mamal

The poosstional

& near shore depusii, perhaps dsltale in character.

2 owlth the silts wmay oprovide simifleant

2

svidence ss 1o the nature of the soviranment 5t time of deposition.

&

Lesording o Twenhofel {1975} the norsel environmsnt for chert inter-

clastio sediments, rvarticularly colays snd silts, is an

£ s T Sk T OV i,
silica=-bearing watereg wingle ¥ Ath geline walsr.

7R

i

Idesl coniiitiong Tor sush a deposit would be found adjaocent ip am
sntrance of & stream inte & saline lalks.

Pressrvabion of the fogslig.~-All of the fo $8il material
From Colo®. Locslity 172 is bighly silicified. YNost of tae unmweatharsd

snecimens sre tinted a distinctive green celor of the surrounding

sedinentary formation.



A few of the tseth in the cellection are definitely rounded
a¢ though they were volled and sbraded elther by siresm trensvortution
or by wave sction near s lakeshore. MHest of the Tossll material,
hewever, shows no vostnorien wear whalsosver. In many csses, deli-
sate tooth strucbures have beaen nreserved wilh grest flideliiy.

he fossil weterisl consiste alvest satirely of Jdentiilons

and limb bones. Out of 2 collecticn represeniding move

7iduals only & eingle czi skuldl =

preserved well snmigh te merilt

the almost cowrlets abuvonoe P oribs in the gollsution.

During the course 1.7, Loeelity 172 two

mnans of the mejor gusrry site wars & sosls of one

. 3o & ooy P o £ e d < - PP B W Y T . SR -
ineh to one Foot. 411 Fossil finds within the first six feet bele
T s, 5 P . g B &8 i & - L. EN
the wurfsoe were nlotied on one man, while finds frow sixz to Sen

.
£
=
gtn

the fossll ceccurvence. The produciive norilon
gbrike
he fessils

waere derived from the upner horicon of the ousrry, a three fool zone

P % % P o
i gix Toel beloy the surface

extending Yrop three

tom of the fessil

oF
S

e entire guerery may represend z channel of consentration forty feet

wide in the half-mile outeren of sparsely Fossilifercus S barren beds.
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PAURAL CUMsYs

e

Of the 225 specimens in all stages of growbth represented
im the collections of the California Institute of Technolozy, 195
are horbivarss. Hxcept for oune inssctivers and o number of uncounted
rodents and logomorphs, the remainder of the founs sonsists of cornle
vores. Less then 20 of the individuals represent young saimals.

Fengug of Tonopabh Hammalisn Fuune

Gonus Humber of individuals
Hoteohinus i
Founrcius E

begltocyon

selurodon %

5 LY
ot counted. )

(Hotet Podentis snd Logonmowm

This representation of geners aporosches the normal condie

tions of a plains habltat. In contrast, sttention may be directed %o
the faunas of Banche 1a Zres (Stock 1929) and Hellterlek (Schultz 1938)

where an uwnnebural prepondervance of caralveres scours. The tarpools

of Aancho la Brea most certalnly functloned as balted Ltraps for unwary
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destroction and death until once ageln the reins fzli bto guench &
parashed and suanbaled sarth. Seeds of grass guicken and push thelr
tender shoots up through the molstensd groand. The grezing mammals
that have sarvived meke off for hill and plain and in theliy wake
stalk the sarniverss,

But what of the dead that are left behindl With the coming

of the rain the sirssms vovive thelr flow sed being sllts snd sands,

The least smount of scsbiering, aowickest wmirial snd best preservation

QYA

ses snd bones lie in the stresw chennsls., Joubtless
thie opvortunities for preservabion are Doller under thess clroume

e e

Ton oy e T . N
shore, oonss aod

1 under those presenbed along the lak
in the channels disintegrate aad srs widely scabievsd before burial.

Hence, there 15 an spravend concealration of fosmslils in the old

channels. FPerheps In this manner was Formed the rich concene

tration of foeril meteriel unesrthed ab% & guarry forty Feel wide in

iferous horizon more than one-half mile in length.



COHPOSITION AND 2TAGE OF ZVOLUTION OF FAURA

Representatives of the family Erinaceidse sve rare in

the later Tertisry record of Horth America. OUnly two species have

been described thue far, Metechinus nevadensis Matther (1929) and
Meteriz lztidens Hall (1928) from the Fish Leke Valley Lower Plio-
cene of California. Mstechinug ferguaoni differs from 21l other
erinaceids {Leche 1802} except M, nevadensis in the extreme reduction

of its tooth-row. M. feorsusoni parallels ¥, nevadensis in meny details

of the dentition and tooth-structure. On the basis of the less scon-
rlete reduction of the upper premolars in ¥, fergusoni, the Tonopah
form is vegarded as slightly wors primitive than U, nevadensis from
Fish leke Valley.

In his introductory statement concsrning the Tonopal BHodentls
and hagemorpha Filson {this paper) states thet this part of the faune
i late Hiocene or sarly Pliocene in anze. The content and relation-
ghips of the faunule, nemely "Mylsenulus® ep., of, Jutsmias steles

Hell; of. Peromyscus longidens Hall, or possibly a2 n. sp., aad Bypelasas

8p.. sugzest that 1t is most clesely related te the Barstow.

Tomarctus peulus from Tonopah éiffers from Matthew's Tomarctus
confertus (1918), snd from material referred to that species by Hatthew
{1924) in slightly largzer size and in the more slender proporiions of
the teeth. I% is doubiful whether C.1.7. Fa, 1229 is closely related
te the Lower Snake Cresk type. Bver if close reletionship betwean the

two species were established it would still be difficult to determine



the relative sisge of sdvencesent of oach fornm.

Tomarcius? kellogel of the Tonopsh fauna agrees closely
with the type specimen (Mervism 1911) From Tirgian Valley., The
only ooesibility of determining ths phylegeneilc position of thls
species reste on the guestionable sesumpition thelt the sscond lower
wolars U.C0. Ho. 10651 and U.U. Fe. 12542 of the Virgin Valley and
Tnousand Oreek mammal beds regpectively are correcitly referred to
Z, kellogeri. Without the accompanying lewery sarnansiale 1% is ip-
possible %o demonstrate thet these teeth are "relstively larze" and
taxtraordinarily devoloped.® If Merriawm (1911} wus corrsect in

referring voth thess teeth o L, the following argumani

may besr a iittle welght. WD, C.I.T. Ne. 782 1s slightly smaller
ovorall and is slightly more constricted butween trigonid =ad heel
tham 48 U.0, Ho. 10681 from Virgin Valley. H2 from Thousand Sreck,
I 0. Ho. 12840, roferred by Merriom e I. near kellogzi, shows even
more constriction and f8 83ill smaller. If this constrietion crown
and diminuiion i gise of W2 mark en evolutic sary brend, the Townowah
Zorm lies between T, kellogpi of Virgln Valley and T, neer kellogsd,
of Thousand Ureek.

Tomarctus brevirosiris, represenied in the Poncpah collection
&

by = canine ond 2 single lower carnassial tooth, conforme slmost ex-
setly to Pawnee Oresk and Lower Snske Creek material which has been
referred to Oope's spocles.

Leptocyon ysfor shows uno specific difference from Ieidy's

bype, =nd agress perfectly with Matthew's (1918) description of the



Lower Snake Oreek form. The Tonopah materisl ie smaller than the
referred specimen from Bicarde (Merriam 1919) which differs furthey
in having as entoconid in MI.

On the basis of svidence discussed in delall below, the
varietal form, Asluroden wheelerianms asthenostylue, differs merkedly
from typicsl Aelurodons of the Riecarde, Bsmeralda and Barstow faunas.

o

The Tonopsh variety sppears ¢ approximss

2 an unleseribved Aeluradnn
[ onr et e T

Fyom Barstow, The wariety seems to be slosely 2llied 4o Jope's

relatively primitive type Lo, vheelexisnus from Senta Fe. Je. vheele

s 42 differentiabed by axbtreme weakuess of the

parastyle on Pd.

y L T . B o e E 0 o Y J
Bhe Senbhloavon metepodisle ave dlysotly

of California. Since canid metepodiale of
shaveeber, 1% 42 doubtful =hether farther Light could be shed on ths
position of the Tonopsh Sophisyon even 1f similer melerial were present

irn obther fzunas.

Beaghyesslis oochveenhalos of the Tonopab vepresents av
Rt kS &

evolntionary stage close to that of Z. modicus Mabihew {1518} of
Lower Snske Ureer. The Hevada form spoears to be cospedific with
Oona'ls type from the Loup Fork Upper Miocene. An undesoribed specimen
from the Barstow zellection of the University of Gelifernia (U.0. He.

35447} ologely recembles 0. 1.7, Ho. 1271,
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fasudasliure

8 intrenidus is very clossly allied to Leldy's

type from Hiobrazra Rivesr. BReferred specimens frowm Lower Snake Cvreek
{¥atthew 1918, 1924) are similar. The Barstow materisl differs in
being move massive., & lower jaw from the Avawntz Hountains g defi-

nitely Bore alvanced.

ypohippus near affinis may Ve slightly more primitive than

referred maberial Trom the Burge of Gordon Oresk, Hebrasks (McOrew 1938),
#nd is perhaps more advanced than referred material in the University
af Galiforals Niobraye Blver solilsction.

The relationships of Heryehioous cala

st longth below. The fore has close affiniltles »1th the same species

saw, bub seems a 1ittle more advonesd in iis

heilght and mors somplox oncmel paldtera, On the besls ef 1%s highly
5 - =%

complex encmel pabtern, She Szala Fe type (Qepe 1877) mey be more

sdvanced in turn than She Tonoud form.

nparently definltely nove

Ryl s % wh g T n e %
Aphelons? crlstalatus n. sp. is

2 Pawnse Creel 4, megslod

"

18 {Sope), and considerably

e

A. mabilng Hatihew from the Doffee Zanch and

g

Rigeling Qunarry 4.

The peoullar Alticamelus? ntockl n. sp. presents a difficult

problem in phylogenetic vposition. It may correspond roughly in svelu-

tiomary stage Yo A, leptogolon Matthew in the lower Snake Uresk (1024)

Lhe Pawnoe Creek (1901) faunas.

waasaal and prisitive meryaodonts,



Meygcodug lozocerug Furlong and Merycodus hookwayl Furlong, are like~

wise difficult to demomstrate. These species have no counterparts in
alther the Jarsiow or the Rlcardo faunss. In fact, ao similar forms

have been veported from any purt of the Horth Jdmerican Tartisry. Ia

view of the fact thai they ave bath zadl by primitive den-

tlitlons counled with n previously usregordeld type of hornecore, it

Lt

that thess forss reprssendt sn

-
= a8

doh persisied locslly.

<

¥pe v



The Tonopsh rodent and lagoworsh faunule %13 closest pore

I. near temervarius. A% least one of the

AT
% # 5 Liéf&

e Y
Jny oon

dvanoed

ryaodents are likewise

the Barstow forms execept Ramoceres

7 LY
{Herriomoseras) coronsius.

In ewsmary, the only dsmonstrable differsnce whieh mey be

indicative of the relative pzeologle ages of

the colamerive congtituies

one ot the moeh zdivanced & be rocorded from ithe

Horth Smepicen Tertiary, but the sdvence of thig form beyond the




repressnted by the Barstow specles is very slight. It is interesting
ts nots that an undescribed zerics of meryehippine uppey cheeltetosih
found in one of the upvermost horizons of the Baretow by Me, Clair

Stegeall of the University of Cslifornisz &b Los lngeles is zs szdvanced

a8 ¥, calemarius in crewn helght, slthough 1t lies in the K, Intormou-
tenus line.
Detailed gowperison demonstrztes clsarly that the Fieh Lake

mte o

¥Telley feuns (Psmerolds of Stirton 1972} represe ~ge of evelution

more sdvenced than thet of the Tonopah. Inlersst conters in the vcoure

rence of an inseetiveore in the Tonopsh faunc becsuse this typs =

te be closely releded to Metechinus nevadensis Matthew (1928,) I,

ferruzondl shows considerstly lesg raduction of the
Mb« &

snd gonsequontly seems definitely more primitive then ¥

Hypohioous near gffinds dige

3]

¥ agsre nrinisivs th

dirveetly ancestral to, H. near nevedsnsis of Flsh Lake Vallsey. Heohip-

1sidvanus of Flsh Lake Velley

marian of, secidentale and
st

Salromariug from Tononah. The

o % 2 ¥ P 5 .,
wach nere ajvanced ib

¥

primitive camel and merycodonts of the Tonopah fauna show no cless

E

affinities 4o the fragmentery Figh Ieke Valley material,
7 thout exception, the mewders of the Ricarde navmalian

semblage patently dleplay an advanee in evolutionary stage over




A
3

comparable #pecies Trow Tonopah., Lanie? vafer of the Ricardo is
layger than the Tonopsh specles. The Rlearde Aslurodens typieally

bulk wuch larger than 3e. wheslerisnus ssthenostylus. One undeseribed

Ricarde selurdon of slightly larger size than the Tonopsh species, is
unforiunately %00 fragmentary to pernit a2 cleose somparison with the

Tonopah form, %he relatively lavse lower jaw of Jphelops sp. (Stock

i‘;é

fore probally movs

[ S 1 % e s
and @k““iéﬁi@ 1828 from the Hlesris
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The Guatal Denyon fauna {Gazin, Ouyama, 1930) offers no
comparable speciss.

The Chanse faune {Herrizm 1813, 19143; Stock 1975) has
boen divided on the basis of itz Eguldse inte an upper and lower por-
tion (Stirton 19384, p. 135). The Lower Tejon Hills (Drescher, in

press), characberized by Buanipus tenonensis and Pliohionus tshonsnsis,

seems delinitely move advanced than Tonopah.
e Lower Pliccene fsauna of the San Franciscs Say region
{Borriem 1912, 19174 Stivion 1835, 18392) corresponds closely to that

of the Tejon Hills and aceordingly is delinitely younger than (he sssenm-
slage from Nevada.

Grost Plaina, --In shsense of say veviaion of the Sants Fe

founs 1% is impossible %o make a satisfaclory comparissn at this tims.
Feiock (1973} atotes that the Sanbta fe beds, as determined by mamsalian
fossils, ranges in sge from the Middls Miooene to the FPlelstooens.

Aeluradon wheslerisnus astihengstylus is smaller and not identical with

the type An. Braba Fe. SApuslons meridianus from Hew

dexico seoms more primitive than the Tonopah AY cristslasus. The

fonopah Meryehinpus gslsmarius appesrs almest ideatical with Joosts

2 -

twype from the Sants Fo. Qub of the abundance of merycodont types
reporied oy Frick from the Ssnta Fe, none velongs to the subgenus
Heryecodus (Paracosoryx) into which botk of ths fonopah species seem to

fall. Pature exploration in the valley of the Ric Crende will doubtless

Bedy

revesl o sorizs of 4dlstinct Faunas, some of walch may well be conten-

porary with Tonopah,
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Theran s es oy de
Yaunal Liszts

Tonopah Fauna

Insectivora

Hebtechions fergusoni n. sp.
Bodentis

“Hylaganlust sp.

Cf. Zmtsmias ateles Hall

Cf. Peromyscus longidens Hall
or poesibly & n. dp.

Lagomorpha
Hypolagas sp.
Carnivora
Tonarctus peulus n. sv.
Tomarctus? kelloget (Merriam)
Tomarctus brevirestris Cope
Leptocyon vafer (Leidy)
Asluredon wheelerianus ssbhenostylus a. var.
Amphiocyon 8.
Brachypsalls pachycephalus lope
Pseudaelurus intrepidus Leidy
Perissodactiyla
Meryohippus cslamerius (Cope)
Hypohippus near affinis (Leldy)

Aphelops cristalstus n. &p.
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Ponopsh (cont.)

Aytiodactyla
Camelidse
Alticamelus stockl n. @p.
Antilocapridas
Meryoodus loxocerus Furlong

Herycodus hookwayl Furlong



e Lt

Barstow Faussa

Inssctivora
Limnoacus tricuspis Esirton
Hodentia
Butamias ateles Hall
Perognathoides ¢f, Seritius Hall
Perognatholdes sp.
Heteronyld gen. and sp.
Paronyecus longidens Hall
Peromyscus sn.
Poromysons .
Logomoroha
Hypolagus ¢, w7atus L. Kellogs

Hyvolagusg #p.

Tomarctus near temersrius {(Leidy)
Ganid (Canls?) sp. small
Aslurodon near whealeriaznus lope

Aaluradsn, Diasoyon, or faphieyon Sp.

Brachynsalis sp.

2 o aans i
naersiont sp. 2

rodont 8n. B
Hachaerodond @p. o
Felid? indet.

Pzovdssloras 6p.



Proboscidesa
Tetrabelodon? sp.
Periesodactyls
Eypohippus near affinis {(Leidy)
Parahippus? mourningl Merriam
¥eryohiprus (Protohippus) intermontanus Merriam
Herychippue calamerias stylodontus Merriam
Boryehinpus sumani Merriam
Protoniprus? or Plichippus?, sp.
Avtiodactyla
Tayassuidse
Prowthennops?, 8p.
Heryooidodontidae
HMerycochoerus buwsldl Merriam
Camelidae
Procamelue, sp. a
Procemelus, sp. B
Pliauchenla, sp.
Alticsmelus alexandrse Davidson
Cervidae
Dromomeryx or Cervus?, sp.
Antilocapridae
Bamoceros (Paramoceros) brevicornis Fridk
Ramoceros (Merriamoceros) coronatus (Merrism)
Heryeodus (Paracosoryx) alticornis (Frick)

Meryceros joraki Frick
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SYSTHIATIC DERCBIPTION

ERINAC ZITAS

Part of a shattered left maxillary with the anterior
portion of the zycomatic avch, and nost of & left ramus of the

same Individusl, comprise the inseciivere materisl from Tonopah.

+3

‘he teeth which have been preserved Include € and P4 and P4-)3,
&11 of thess teeth are exgsllently vreserved. The teeth show
resemblance to those of a hedgehog snd wore particularly to those
of the genus Yetechinus from the Fish Luke Velley beds On the
basis of spparent differvences in tooth siructure, the material

is described as belonging to & new gpscies.

Hetechinus fergusoni, =n. su.

Tone specimen. - A nortion of the left maxzillary,

C.I.P. ¥Wo. 2BL7, and = part of the left rawas bearing nost of the

frt
L

%L

5]
o
o
By

sobh-row, C.I.7, ¥p. 2818, The maxillary vortion show

end the anterisr portion of the syzomaitic areh.

“ 5

nite thres snderior alveoli, one of which is

. BL, B2, and »nart of the lowsr nosterior

norvion of the ramus.

{i)

imall sisze.

Sneseific charscters, -

two distinet roots. P3, present, not caducous. P4 with very high,

large metacone blade. P4, welledeveloped, with two distinct roots,

and glightly complesz crown.



Skull. - The infraorbital foramen lies just anterior
to P4. The sniterior vortlon of the gygomatic arch arises from the
maxillary at a point just exiternal to the anterior root of Ml.

Mendible. -~ The lower bordsr of the mandible is almost
fizt besneath ?§~%§§ curving gently upward anteriorly and posteriorly.
The portion of the ramus nosterior to M2 {s long, while that in
front of this tooth 18 cvonsiderably shoriened. Though the msjor
part of the ascending ramus is missing, the ridge at the lower
antevrior edge of the ascending remus makes a sharp antericy boundary
for the masseterie fossa. The inferior boundary of this fossa is
very wsak. & large mentel forsmen lies below P4, 7The mandibular

foramen lies in the almost smooth internsl surface of the ramus.

Uessurements {in millimeters)

o818
Denth of the mandible heleow M) 2.8
%idth of mandible below M1 1.7

Doper dentition. « A sharp-cuzped tooth with small

anterior bassl cusp and strong basal heel cusp is tentatively
regardied as a canine. Low cinguls borvder the base of the tooth
negr these cusns. The tooth hese $wo distinct roots.

P2 is yepreseated Ly two roots sei diagonally in the Jaw.
The anterosxbernsl root ie larger than the nosterointernsl.

In P4 the long metacone blade is zlmost as high as the

packward=sloning sharpenointed paracone, and is goprofimately equal

to it in total bulk., The metacone blade extends very strongly
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posteroexternslly. The twe inner cusps, which are of soual height,
éris% from & coumon internal platform and arve further connected by
g low internel cingulun. The posterior border of the clnzulum
curves well back giving 2 large aresl exient to the nosterier

o

portion of the internal vlatform.

Twe upper inecisors appsar to be reprssented by the internsl
borders of their alvseli. OF El only the slveoclus of the antero-
externzl root ie present, Since M2 is present in the mandible &

second molar must have been pragent {n the uoper series, although no

trace of 1t is pressrved.

o

Lower dentition. - P4, supported by two separate roots,

ig set obliguely in the jaw. The moderately high princinal cusp
& £

&) H

&

gugsests that in its uvanworn state the tin wae divided into two wvery

smzll cuspules. The nosterior cuspule was located slightly external
te the anterier ons. The elngulum, rising high and sirong on ths
anterior and vosterior borders of the crown, forms almost an
anterior bessal cusp snd s cusp on the heel,

-

¥l hes a long trigonid and is 2 relatively wery large
tooth. The long, slender parsconld blade is curved genily lnwax
and is more snteroposterior than transverse in position. The

protoconid is stroag, high

ated from the alwost equally
large metaconid by a wery shallow walley. The lowset heel is
basined and hears s hyvoconid and entoconid of egual size. &
moderately strong cingulum extends slong the sxternal side of the
tooth from the saterior portion of the protoconid to the midile of

the base of the hypoconid.
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¥5 is a much smeller tooth than ¥1 and bears a shord
paraconid with anteroposterior shear. The protoconid and metaconid
cusps are of egual size. The swall heel is narrower than the
trigonid. %The hypoconid eguals the enteoonid in size. A low
eingulun lies along the external side of the tooth snd exbends fronm
the anterisr end %o the middle of the base of the hypooonid.

Of the thrse snterior alveolil, the wery large, owval,
zlnost horizontal one is considered to be for 12; the small partially
closed =ziveolus contained =z caducous I%g and the larzs round slveoslus
immediately anterior to P4 held the lower canine. These assunmiions
are open %o guestion, but they are in accerd with such information

a8 is available on loss of teeth in the family Zrinsceidse (Leche, 1802).

¥Z ig szbaent.

gasurenents (in nillimsters)

¥ , Upper dentitions C.1.%, 281 4.0, 28800

T . sateropostericr diamedor 1.2

§ ., transverse diasmeter L7

F4, anteroposterier diameter 2.2 4.5

P4, transverse dliamelber 2.3 4.2

¥, Lower dentitiont V.IsT. 2818

ﬁamf%b of series Pé - %2 G 10,1 composite
snteroposteriay dlameter . 1.8

a

bransverss dlameler
anteroposterior diameter
trensverse dlameter
anteronosterior dlamster
transverse dlametey

width of heel

L] ®
* @

| el AV IS BEGN Bt )
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Belationships. ~ The position of Helechinus fergusoni from

Tonopah is definitely within the family Erinsceidsse. Detalled

comparison with the mwodern Brinsceus surepseus euzopssus from Germany

and Heotetrscus sinensis from Ho-mu-shu Pass, China, reveals many
striking similarities and a few important differences in dentition.

Meterix latidens Hall (1929) bulks larger in size and hes

& wach more nearly complete dental babtery. Alse this ferm from
Pish Lake Talley differs in having two mental fovamina and 2 siromg
ridgs on the postercinternsl face of the ramus.

Metechinus nevadensis Matthew (1929) Ffrom Fish Lake Valley

exhibits » clese similarity to the Tonopash form. The latler agrees

with K. nevadsnsis in the reduciion of the Premolars and the

sk

nosterior molars, snd in the corresponding enlargement and speciali~

zation of M1, The dental formulse in the two specles are probvably

identical. That in specimens HNo. 2817, FHo. 2818 may be recorded as
¥ iy

followst

L l ® : ®
1

5
R

e 1]
[aVE R

®

In M. fergusonl =s well ams in H. nevadensis #2 is wuch smaller then
¥l and ¥% is absent. All of these voints of agreement are in
charscters designated by Matthew as of generic rank. The forms 4iffer
in two generic characters given by Matthew: (1) P3 of H. nevadensis
is oaducous, while this tooth is less reduced in C.1I.T. Ho. 2817,

and (2) P4 of H, nevadensis is small and simple: in the Tonopah

erinacld it is larger and more complex.



o

Seme of the other minor differences betwesn (.1.7.
Yo, 2817 and M. nevedensis include the lesser degree of reduction
snd more complex pattern in the wpper canine from Tonopah. P4 ls
relatively longer and narrower on the G, 1.2, specimen. The
mebacone blade of P4 is relatively higher and larger in C.I.7,
¥o. 2817. Pa from Tonopsh is much less reduced and slighitly more
complez. HExcept For the slightly lenger parzconid blade and the

[

sxternal clagulum in ¥l from Tonopah, the twe molars of both gpeciss
are in close agreement. Uf course, the most obvious differsnce
Betwsen the two forms ie that of size, C.1.7. Hos. 2817 and 2818

being only about 80 per cent of the size of ¥, nevadenslis

G —

o

A11 of ihese differsnces are of miser lmnordtance. Perhaps
none of them esn be considersd of generic rank. All but two of the
differsnces 1ie in the zsme divectlon, i.8. inersase in total size

sceompanied by reduction of anterior premolars and posterior molars,

perhaps indicative of zn evolutionary trend from the Tonopah specles
te Metechinus nevadensis. The two features in . Fergusosl yhich

seem relatively more sdvanced than M. nevadensis are really one and
the ssme: the relatively zreater snterovosterior length (1) of P4
snd {(2) of M1 on C.I.T. Tos. 2817 and 2818 respectively.

Though the Tonopah form may later be given generic
distinction, temmorarily at least it is referred to MHatthew's genus

Hetechinus.
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RODENTIA AND LaGOMORPHA

by Bobert ¥. ¥Wilson

This small and frogmentary collection includss thrse
rodents and a lsgomorph. In age, the Tonopah assemblage is
clogest perhaps to the Barstow fauna, but identification of the
several types is tentative. 4 late Miocene or sarly Pliocens age
is susgzested rather strongly by the "fsuna®. A provisicnal liet
of forms is as follows?

rlagaulus® sp.
Cf. Butamius ateles Hgll

Cf. Peromyscus longidens Hall, or possibly
Hypolagus sp. 2 fi. 8D,

A mylagsulus 13 represented by 2 palste with P4, M2-H3
of both sides, and seversl isclated chesk-iseth. Until s thorough

revision of the mylagaulids is undertsken, a2 more specific delermination

is hardly npossible.

Of. Eutamins ateles Hall
The presence of a small sclurid is recorded by several
izsolated choek-teeth, an inclesoy Trsgment, and two plecves of remus
each with s single cheek-tooth. The Tonopah specles apnarsntly ls

closer to Zutamius ateles of the Barstow than $o any other form,

although it is not certain that the two are co-specific. Chinmunks
are vare as Tossils, and the present oceurrence apparently is only
the gecond record of these sguirrels in the Horth American Tertiary.
Perhaps it is open to question whether either of these records

pertains to the 1iving genus.



{f. Poromyscus longidens Hall, oy vossibly n. sp.

A cricetid type, close to the Burstow Peyomyscus longidens,

but poseibly representing z nev specles, is kmown by $he following:

gkull frogmend with incidor snd Ml - HZ, maxillary fragment with

i ¥

Bl - ¥Z2, two isolated molars, and seversl Bits of rami with not move

oo

than o single ehesk-tooth in each.

Hypolagus ep.
A partial skull w=ith dentition, a cheeletooth series

o

comprising right P2 - Hl, a lefd moms with P3

fadividusl teeth are te be assigned to the wver

leporid, Hypolagus. In size, the material indientes & spscle

then H. vetus, and more nesrly agreeing with . limnetus frem the

R of. vetus from

snanel folding of the

more primitive then midal or laporids.

wondd sugrent.
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Tomavetus paulusg n. sn.

Eype specimen.--4 palste with wellenressrved, complate
dentition; a complete lower Jow of the same individusl with 211

teeth except I1 and M8, C.1.7. Ne. 1228,

Beferrad maberial.~-A fow separate upney testh and a nute

Ber of partial remi comnlets the eollection. He skeletal norbs
have been reforred to this spsciss. A pinimom vopulation count
basad unen rami tedtals flve individuals.

Specific gharscters.--Size of T. confartus {(Matthew,)
P4 elongate with protocons sel very far forward. Uopsy molars very
wide transversely. lLower dentition differs from L. gonfertys itwpe
in narrower premolors with only moderately hizh cusps. Wi shiprd,
net comnressed, H2 modersztely long and narrow.

Skull.~=411 thot can be deternined from the noorly pree

served alnll material is that the posterior vert of the nalate was

vl

i

relatively wide compared to that of L. latrens (4% wm, lesst overall

diameter across the palste immediately posterior to P4.) The infra-
crbital forasmen lies over the snterior eud of P4.

Hendible,~=The mandible is felrly wellenreserved szoept
far the anterior nortion of the sprbyeis, the %ie of the cowvonoid

nrosess of the »ight rame, snd the sscending left remus. The rowus

is glender, bult not o slender 23 that of = fox oy covnte. The



b5

lower border of the ramus is smooth from symphysis to angle., The
angle projects hack atrongly, Wt is a little weslker than that of

o
8. ia

sxtends fopward %o 2 polint holow

ket

nental forsmen lies below Pl: the

1:,*9
y.%-
&)
4

the alveolus of UE. The smier
posterior below the middle of P3.

Yessurements (in millimetere) of mendible
1eog pICA

Length from condyle %o slveolus for Il 80 ap
nimam overall ddsmetsr From lowsy
hopder of ramug to tip of coronsid

PIOCess - 3B
Bepth of rawus welow Ml 14.7 17.3
Widsh of romus below 313 7.3

3
RN B e g
uﬁ.alﬁs&f:w«;w

Bl Y

Boter Although lhe pandibles of ¢.1.7. ¥

i ndividusl 284 13 much nore nass
dontition iz of some glize.

2

- - 4 N T, & . 4 g e 3 &
rper dentidicn.~-The inolsors are snall.  A11 of these

teeth, even 13, charscteristically beas

jass
ks
o
o

wrcessory tuberclez an

either side of the prineciple cuspy, and = cingulum behind, The

sanine s short and sllightly stoutar than
411 of the premolars hove s slight backward cazt %e the
prineirle ocusp. The singleepooted Pl huas o small posterier accessory
eugp bub no spberior one.
P2 and PI are both doudle-rocted and lhave smell heecl cusng

as well as posterior accessory cusps. P2 bears 2 definite anterior

foso
bl
ot

sooessery ousp on e tornal side, while P2 bas no such cusp.
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The earnassial 1s long, but relatively not 56 narrow as
in G, latrens. A small parastyle llss on the anterior border of
the tooth. The strong protocone is sharply set off from the rest
of the tooth and stends well forward of the antercexternsl border
of the tooth.

Ml and M2 are very similar to the form displayed by these
teath in Jsnis, with the exeeption that thelr heels ave slightly
larger.

Lower dentition.~-The small incisers resemble those of
Lanis in every way. The canine is proportionslly shorter and stoutber,

dingle-rooted PL hae a sizple conical susp. ¥z, FZ and Pd
are all double-rooted. All bear a nosterier accessory cusp and g
haal ousp! Fd has a alight suggestlon of an sanlerior accessory cusp.

M1 ie dop=-like in slmosd svery vespect. Ths tooth is less
elongate than in Cenig, smnd the metaconld i8 proporiionslly slighily
Larger,

N2 s propertionally larger than in fenis. It bears the
distinguishing parsconid, and its sntoconid is welledeveloped.

M3 hears an amtericr naraconid orest, woelle-marked protoe-
conid and metaconlid ocusps, and & posterier hypooonide-entoconid cresd.
The roots of the tooth have coalssced to form a single root which is

sxbremely slongsbe snterge-posteriorly.
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smaller teeth. The premolars of ¥. ponfertus are slightly shorter
snd wider. ¥ is much more compressed in the type. On the other
hand, ¥2 M2 is glightly lsrger than the compsrable toeth ia C.1.7.
1229. In 2 skull referred %o the species T. confertug (Metthew

1924, np. 96-97) the upper dentition is slightly smaller than in
C.1.7. Mo. 1228, P4 is less alongate and the protocons does mnot
stand so far Forward as in . psulus. The upper molars of A, N A
Ho. 18253, although epproximately of same anteroposterior dlamster
are much shorter bransversely than in C.1.0. Ho. 1228,

1f the specimen shown in Leldy's fisure {1869, »l. 1,
fiz. 12) wore taken as the type of L. femerarlus as Malthew suggests
{1924, ». 98}, them all meterisl which corresponds o the larger
wpper jaw frogment described butl unfigured by Leidy would be exe
cluded from the species. Hewever, on the basls of page priority,
it is deemed advisable bto consider the larger wnfigursd woper javw
materizl as the type of Leldy's epecies I. jemerarius. Henes, the
relatively laree jaw Trom Barstow veferred by Uerriam {1818) te
Z. near ismerarius dees resemble the iype and is certsinly nol cte-
specifie with Zomarclus paulus.

On the obther hand, C.I.7. He. 1229 agrees very cleosely
in size and susy arrangement with leldy's figure of 1. Iarthernore,
the denth of ramas helow Ml of Leldy's figure £alls hetween the
values recorded for I. paulus.

Fowarctus? kellozel (Merriam 1911) differs in much larger

size with the premolar teeih not 85 clesely spaced, and aanterier



&g

premolers simple ond without scoessory cuspe. The snteroposterior
dlameter of M2 18 more tham 70 percent of that of W, as sompared
to enly BO percent in T. poulus from Tononsh.

A11 other material referred to Igmarctus represents

gpecies of much larzer size.
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B
oot

unwora spscimen {C.I1.7. Ho. 789) is of aluost ideatiosl size,
.07, He, 789 venys o shovdt blunt peraconid, & bluni, hesvy proto-
conid, and a relebively very large rounded metaconid high up om the
protoconid cusp and closely appressed %o 14, Un the heel the lavse
entoconid, which closely resembles the lhyveconid inm size, cccuples
a nore elevated position than the latter. A small tudercls lies

batwsen the bass of the protoconid and the hysoconld. %he external
base of the heel i¢ expanded, making the heel the widest part of
the footh.

¥ % ] & 3 oy T G
The extremely larze second lower molar s almost BU pere

cent % long as M1, but spossrs to be chaveoteristlically canid, 4

proteconid of moderate size, & paveconid almost a8 strong sz the

nrateconid,

trigonid. The long bas besrs the hyvooonid and entooconid

ougps, both welledevel

betwan the protosonid and the hyooronid. The cingulusm is developed

tate 2 sexiernel eide of the trigonld.
Boty arnsl wall iz sty indented

and %ﬁ%'iﬁ%@?ﬁ&l wall i slightly indented ziving the tooth & pro-

cunced "waizt.® The enemsl of the postsrlor face of fhe toobh is

abraded slizghily due to contsct with & third melse.



Yeasurements (in millimeters)

L. kelloged
- o G.I.u, 1B GuiGW. 788 T.¢. 11662
Length of series Pl - M1 45.6 Tirgin Valley
FPl, zateroposterior diameter 3.9

E;, transverse dismeter .5
P2, snteroposterior diameter 6.8 8.0
P2, traonsverse dismeter 2o
P2, anteroposterior ddemeter 7.3 £.7

PZ, transverse dismeter 2.6

mﬁ%@?ﬁyﬁﬁiﬁyﬁﬁr diamater H.4 8.4
sreneverse dismeter 4.7
ﬁﬁ%r?@;ﬁ%th?*@“ Atomater 13.B

transrerse Slmmeiar £.9
v %ar@saﬁ%eyiﬁﬁ A%amf%@r
transverse dismeter

Zelsntionshive,--The counle

lewer dentition combined with presence of a we

conid in mg sarvespond o the

ies ave depih of romuig, slpe

plicity of the premelars, the andtsrovosterior sheortnsss of Ml, and

valobively great langth of M2

ssrobus saplug apnrosoh

3.I.Te Fo. 1208 in size, they differ sirikingly in the proportions

of ¥l smd M2, In fsot, 21l bub one of the species assigned %o the

EY

genus Tomarciug have a large %o very large lower garnessial ond &

s

small %o very small K2, The one specie# 11 kellogud (Merrlas 19117,

-
44ffars from all others in heving sn M2 Yrelatively lorge snd exbtroe

P

ordinerily develensd.® Herrlsm's specles from Virgla Valley agress
¥ : t

&

Jew i8 Yealstively hesvy in

cloeely =ith

the posterior half.® 1% am of | To Bo. 1255 13 83111 hesvier,

> extreme depth of Jav



{for a canid) of ¥o. 1278 may e partially explained by the age of
the individusl. The premclars are elightly larser snd more nazsive
in C.1.7. Ho. 1235, ML snd M2 of 0.1.7. Hos. 1235 snd 789 sgree in
almost every detall with the type of the species. The paraconid of
¥i1 8 not gquite so long as is that cusp in U.0. He, 11862,

The postarior porticon of a lower carnssaial, U.C. Ho. 19767,
from Btewart Spring (Herriem 1918) is certainly co-specific with
the Tonopsh material although slightly smallew,

Any comparison with referred M2y U.0. Ho. 10661 from Virgin
Talley and U.0. Bo. 12842 from Thousand Oreek {(Merrienm 1911) would
have Limited wvalue in view of the Fact thaeb sveh refersuce i3 iz

from inlisputable.

On the basis of presence of an exiremely long and slender

Goubtedly theaw furthey light on this guention.

ey



Tomaretus brevivostris Cope

4 mach worn ¥, C.1.7. Ne. 774, possesses & size 1ike
that of = coyste molay and apvezrs to represent a espsclies related
to Tomsrotus Drovizostris. The tooth is modevately large and dif-
fere from other members of the genus in 1%ts exceptionally long hesl,
Toothewsar has undoubledly aceentusted the heel length,

4 long, slender upmer canine iooth hes alse been refsrrsd
te this specles.

Hessuremente (in millimeters)

£ , upner anteronceterier dlamster B

¢ , upper traneverse dismoter 8.8
¢ , upoey distance from %ip of crown

- to end of root 2.8
Hl, znisrovoszterior dlameter 19.8
K1, transverse diasmeter 7.6
Ul, =nteropesterior dismetsr of hesl 5.8

Belztionships.--T. rurestris (Condon)} is distinetly larger

than this form from Tonopah. T. kellozei is wuch smeller. I. lemersrius

has & considerably smeller ¥l znd this tooth possesses a shorber heel.

Qf the canide described from the Great Plains reglon, Tomarcius brevi-

rostris Cope (1873B; Matthew 1924, pp. B8=-96, figs. 11-16) is nearest
t6 the spocimen from Tonopab. From the nolnt of view of size, proe-
portions, metaconid development and heel-length, 2 specinmen fron Dape
sbow (U.C. Ho. 19402) shows very closs resemblance. The Barstow
specinen was referved by Merriam (1919, pp. 462-464) to 1. neay

temerarius. Matthew remarks that the Lype upver Jaw of I. ltemeyarius




belongs to an animal only siightly smaller than the small variant
X. brevirgstris. C.I.7. Fo. 774 which is & 1little larger than U.C.
Ho. 19402 from Darstow, agrees almost exscily w»ith Ml of L. brevi-

rostris fron the Pawnee Crack and Lower Saske Uresk.

Leptocyon vafer (Leidy)

Both rami of & lower jJaw, C.1.7. Ho. 780, with some testh

missing combine ¢ nrovide a2 seriss from © to V2 complete except for
P4, Another lower Jaw fragmend, G.I1.7. Ho. 2815 bears P4, JAdditionsl

lowsr jaw fragmente, the pesterier half of P4, and s fow nilk feeth
{poorly preserved C - Twd) make ap the rest of the malteriazl repre-
seunbing this spocles., Five adults and ons voung individual are repre=
gented in the @ﬂi&@@tian*

Uendible.-=The jaw s lengz, slender, shallow and forx=liks

i Rl
in appearsnce. The anterior menbsl forvsmen lies between PL and P2,

the posterior belew the posterior end of P2, The masseteric fousa

R

resches forwerd almost e & level with the slweclus for !

Heoasurenents (in millimeters) 780
Jepth of mandible belew middle of Ml 10.5
Thickness of mandivle 3@1@@ middle of ML B

bower dentition.--The long, slender canine is relabtively
larger than that la 2. ef. gonferius. Pl is gingle~rooted and simple-
susped. A1l the remalning premelars ars double~rooted. P2 has a
simnle cusp. A posterlor accessory cusp chorvsoterizes Pi. P4 has a
sdisght anterlor basal cusp, & strong posterior accessory cusp, sud a

marked posterior bazal cusp.
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0. 1.7 Mo, 780 is larger than Canld, inmdes. C.1.Y0.
¥o, 2208 from the Avawate Mousntalns {Henshaw 1979, ». 17, »1. 2,
figs. 2 and 2zl.

On the basis of the peculisr heel in H of the Tanspah
maborial, the suthor agress with Matthew {1918, ». 190} that slthough
the foxss parallel L. wafer in proportlons of ithe jaw, thay ave "too
closely yrelated in dentition to {anis Yo be separately descended

from Lentogyoy instead of Lephrosyon® {(Tomarctus), or from Cynods

gee HoGrew (1935, p. 510},



Aeluredon wheslsrianus ssthenostiylus, n. var.

The

o
o

sterior portion of a palate wilh P4, ML and M2

L]

1.7 Bo. 7817 two jaws, ithe best of which, C.I.7T, Ho. 2818, is

ompiete with the exceniion of absence of the inclsors, 3, and ‘the

)

asscending remls 2 fow zeparate teeth including a milk upper carnagalsl;
a Tragment of 2 radlus and part of o calcaneum comprise the mseterial
representing the genus Jelurpdon in the Tonopsh collection. At

leass three individusls sre recorded.

e.~=The pandible s short, deep, and thick for a

canld. Three mental forvamina can be obsevved, the first 2 small ose

bensath I3, the second and largest beneath the anterior portiom of

¥easurements in nillineters) 2018

&F

: of mandible below middle of ¥ -
fecknsas of mandidbles bolow niddls of Ml

er dentition. -~The uoneyr carnsssial tooth is relatively

preanes

mich shorter and stouter than P4 of Canls. 7The tooth bears s para-

5
E"?

tyle in the form of 2 Biny tubsrels whileh iz ast sed off fram th
snterior porbion of the narascons. The sirons orobtscons, locabed
directly medinl %o the varastyle, doss nob nroject in frond of the

snteroexternal border of the tooth., A proncunced olnsulum fs preseant

on the internal side of the hsel of the 4o



¥l i short snbteroposteriorly and wide transvevsely, and

hag the same proportions as in fanis. The heel 48 lavee, but there
is no protoconule., The metaconnle is relatively strong, being ale
nost as welledeveloned as the proiocome. The hypoocone avrest is

likewise wail=developad., & moderately strong clngulun treverses the

& taoblh.

zl;‘}-uf

antaerior, external and part of the posterior border of &

the nrge

the anteroe

B » 5
P N R b e
A7a A@VELIOSd, sn WG W‘

Sl e et
e oot

these teeth show slight weduction
ary oubsl

they sre not nesrly 5o compress
Fl in G LT, Ho. 2816 48 a small single-veoted tooth very

mwaoh 28 in



Fg and P35 are moderately large, double-rooted teoth, sube
sgual in size. They are sharacterized By a large, conical main cusp

and a smsll heel cusp, bebween which lles a Alstinet and modevsiely

larze posterior accessory cusp. There 1e a very small anter 250o8-

sary cusp on both tseth.
s R o
P4 resembles P2 and PT in form but is larger in size,
The antorior end is boed in very elightly gziving the iooth an orien-

totion not euite oarallel to the jaw. The hoel of the tooth differs

From that in P2 snd P2 in alightly groster

nrosent.

ars two small slveell

faor 138 roots,
411 teell, Dboth upper and lower, are moderstsly worn.

Tunere g 1ittls evidence of & sheaving woar on the camassiale.



Heasurements (in millineters)

f&. Savus, .

Yoper dentition Ho. B30B
5‘;. k‘?sm %5- és«
external antercposterieor dlmmeter Z3.8
graatest trensverse dlameler i2.8
ﬁﬁﬁ@?ﬁmﬁ sunteronasterior dianeter 17.6
L brsnsverss dlamebor 22.2
sntercposterior dismeter 6 ap
t traneverse dlzmeler 14.0

Q&w, snteroposierior diasnete 1.8

grectest transverse %iﬁﬁﬁiw? .0

Lower dentition Yo, 2816

Longth of series C - ¥ i1 100 ap 103
0 &n%ﬁrwpﬁﬁt@ riar dlw avewn 2 an 11,0 10.1
Qm, transverss dlamedary . af crows 10 gp 5.8 3.6 ap
F1l, antoroposterior diametey 5.8 5.5 4.0
Py transverse dlmmeter 4.6 3.8 3.3
P2, snteroposterior &i&maw,r 8 g.2 9.1
Pge transverse dlsmeter 2 D4 5.1
P2, smberoposterior aicmmtvw 12.6 10.8 11.8
P32y trensverse dismater ol 6.8 6.5
P4, anterovosterior diasmeter 14,4 4.2 18.1
P4, traneverse dlemeler 9.4 8.3 9.4
M1, aunteroposterior dlsmebor 26.8 28,0 27.%
Ul, transverse dlametey 4 .2 11.8
K2, anteroposterior dlametor 0 11.8 12.8
B2, transverse & 7.9 8.6




Zelationsghioe, -~islurodan whaslerdie

e

the Tonopzh fauna falle spperently within the sewus faluroden {sse
Matthew and Stirton 1930, v». 182}, The anterior premolars ave
slightly reduced, taining & movre or loss comprossed form and entiing

function., The usner molars closely resemble those of Canis. Fl is

e

proesent. and PX are twoersotad. P4 possosses a weak g

cusn and 2 distined posterier accessory ousp. The heel sus
o : .
booth iz only woderatoly wide, ¥l i patterned zs in Janle.
e Syodme
ters Aelurods

in tha fant

asthenosiyius differ

s "3 o
L X
g e

Lk Bk

i &
ven A,
Ll

5

Trom Sunts T

7]

1amay

2 & &
vary clossly in size. . 4g. ¥

bly reduced and molars thad

acoessory cusns in the lower Hree

Es

% they sre in the g

e He. 8307.

vlade of the parasonse.

Y

tyie, no lenger distiast, forns a wosk
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The rams of the type Aelurodon seevus (Leldy 1889, »l. 1,

Tig. 91 also Cope and Hatthew 1815, »ls. 118-119: Matthew 1804, figs.

are pore videly

4

% and 4) is longoy, more slender, snd 1bs premols

wead bhan

The snterior mental Torspen 1108 Do

ioy sceessory

A Ty
oOeH Jeal

2rs mrs 4 28 PR RS
BHSNG wlsive end of the dirasct

S
*
4
»
b
L]
-

b
ot
%
o

portions te de. pethencsiylus.

R Ol

-
porticnally very small; M2 of

seluredon From !

whiclh,

alihough closely couparabls bo

more slender, with teeth slightly sasller, mors trenchani, snd not 8o

glosely spaced. Thiz ramas bears only one menbal loramen.



Aslurodon haydeni, U.C. Ne. 29638, from the lsmeralda of
Fish Lake Valley, close to Leidy's type {1865, pl. 1, fig. 10), is

aethenostylus.

more then one-thivd larger tham fe. wheeleriam

Aslurodon aphobug Herriem (1919) is such larger than fe.
wheelerdanus aethenostylus. 4 single undescribed lower jaw, U.0.
Ho. 22472, from the Hicardo, though slightly largey, spproximstes
C.1.%. Ho. 2816 in size. Unfortunately the comparison can e cavried
no farther, since the dentition of U.G. Ho, 22472 hasz no® been

presayrved.



Aerhioront sp.

#

Vetaonroale 11T and 1Y, G.1.7. Ho. 769, the dlstal end of

another metapodial, O.1.%. do. 7BE, and a phalenx, C.I1.9. No. 777,

grae charscler large size, massive sppesrence, end ragoss
@uyf&@@@, These foot slements ave canid in spresrences. Althoush

the proximal ends have large lateral articular facets, they do net
have the extreme overlsy whieh is chavsoberistic of the Felldas,

The proximal ardicular surface of metacarpal 111 is smooith and sloves
with a s8light groove on the dorsal side. Immediately distsl %o this
articular surface, on the derzal side, liles » deen nit Ffor the insere
tlon of a ligament., Ancther it is loosted nesr the nroximsl end,

dietal b the wolared sarface For srdioulstion wiih nedessrsel 11,

The shaft 1s slizhily convex dorsally im its long diasmeter., Hear the

&5t
]
ety
b=
o=
el
0
b
&
i (3
o
Eo:d
i
Ea
i

distal end of the ghelfi are two very larze lalers
tachment of lizewmente, o ont=like feanbturs. The dorenl side of the
distel articular surface presents & surface which i3 more nearly
*

hemispheticilihean henieylindrical, another cot-like cha

B e b By 5 & 25 i + E e . 5 gr, £ o EY
the distal keel 1g strong, 1% 435 nob 8o lone and asrrow as 1%

In metecarpal IV the proximsd

and slovning. Ths dersel artioular facel for mebacawpal IIT 1g flat,

in sontrast to the aligzhi wrojection of the surface in Cande and

&

the very sirong vrojection in Felis., Yhe entive proxim

eSS o

voler glde of metacarpel IV 48 covered by =n upralsed, wide, flat,

Although



rough ares for nbizchment of 2 ligament. The shaft is straight, not
curved a8 min Felis. The distal end resembles that of metacarpal IIL.
The prozimsl end of the rhalanx vresents a2 deep, awmooth
hemisvherisal cun. The wide, flstitenad shaft ig dorsslly convern.
Deep lateral pite for inseriion of ligsments lie on either side of

the broad dlstal end.

Messurements (in millimetors)

Phalany 777

er

is =»

thess clemenis from Yonopal are

triotly comparsble to the melsy

¥

feed

ferent in food provuriions®

skull and

isctions of the .0, Museus of

nodisle sre almost identienl with O,



MUBYHELIEAE
Part of an upper dentition, two mandibular fragments, and
gseveral individusl teeth clesrly belong to mustelids. The minimum
mustelid porulation within the one specles which ocours in the Tonopah
faune consisds of three individuale, 2 young adult, snd twe adulis of

mors advanced age.

Brachypsalis pachycephalus Oope

An zlmost complete mexillary C.I1.7. ¥o. 1231, w#ith Pl teo P4 in
place, a loose ML, two loese Pd's, a ropms C.1.7. Wo. 12330, with worn G,
and P3 - B2, another partially preserved romus and individuzl canine
testh are belleved to ropresent this speclss.

Skull.~ The maxilliary is short and high. The anterior rim of
the orblt lies above the antaerior root of P4, The lachrymsl foramen 1s
large and round. The infraorbital foramen opens over the middle of F3.
The malar forms a very massive zysomatic arch.

Measurements (in millimeters)

Ho. 1271 ¥o., BEIR
g.1.7%, AHLHEVH,
Loast denth of malar below orhis 13.0 il.8
Leset Aistance Tron riz of iufreorbital
foramen to orbital rip 1.8 12.%7

»

Handible.« The shord, hesvy pendible deepens posteriorly.

Wi

Three small mentsl Fformaming lie in 2 horisentsl line balow the region
vetweon PO and . The masseteric fosss rosches forvard to a point belew

the anberior snd of M2,



Upper dentition.- iAlvesli show that the incisors were large.
Phe upper canines are of relatively wery large sisze, with short ciuwn
aad very massive root. The crvown ls grooved aniterierly from wear
sgainst the lower canines. Pl is o small single~rootsd, peg-like tooth.

P2 and PY ave fairly short and wide and are so worm that the
original charvaecters of their cuspe are dlificult to determine. P2 was
set slightly disgonally. P38 may have had a small heel cusp.

P4 is likewise short and wide. %he very large protocone
projects strongly forwerd and laward. A small parastyle is present.

& low eingulum lles slone the »asterior lnbarnal base of the metacons.
Alshough the dhear of the unworn tooth sppears high, the tooth wears to
a low eutting edgs.

i, whicii hae sen referred o this speecies, is charscterised
by & small paracone, a still smallier metacone, a large ridge~like
protoeons, almost po 2izn of melaconule, which may b2 dus to wenr, &
parastyle orest, a metastyle crest and mosi lamportant of &ll & ver;
strang snterointernsl Flange which malres the hesl of the ftooth wider
than the outer edge. There is no indication in the specimens swvailable
of an alvsolus for M2,

Lower dentitlon.~ The canines sre comparable in size to those
in the upper deantition. ?f_prﬁbably wes present in the yousy animal,
gince the first premolar is still vpresent in the upper dentition.

From 1%s alveolus P2 groanre to be single-pooted, slthough the twe roobs

may heve been closely asppreased.



¥% and P4 ave rether short and wide like the uppsr premolarsy,
and have lest ail other charscters bocause of wear. 4 shabtered Pé
in specimen U.1.%. Ho. 778 suggests that there was & posterior accessory
augp on the ¢roen of this Sooth.

¥l 15 also short and wide, and 1s characterized by a very sirong
metaconid, short heel with swall entoconid erest rather than an entoconid
cusp, and the surface f2 worn to & low angles of shear.

u2 is small, alwmost round in ﬁn%iinﬁg and with s very short

hesined hesl.



Comparstive messurements (in millimeters)

3. pachyeephalus  BY hysenoides B. matutinus B. modicus
Fe, 1231 Ho. 8338 %@. wm@ww THo. 17210 ma. 18268
Upper dentition g.1.%. HHE, A.HOHLH, A.H.H.H. AL, K.H.
tenn B Y. m:@wﬁ Gk, L. Saske Ovk. U, Snsle Ork,
Length, P2 - F4 35.0 q
¢, antevoposterior dlsmster 13,1
8 , transverse dismeler 8.8
Pl, anteroposterior diameter 2.4
Pl, transverse dlsveber 2.3
P2, snteroposterior dlameter 7.3 7.0
P2, transverse diemetex 5.0 4.6
P3, anteroposterior dlameter 9.3 8.8
F3, transverse diasmeter B 5.8
P4, internal sntevoposterior dlsm.15.4 14.1 13,9 5.5 16,7
P4, greatest transverse dlameter 10.€ 10.0 9.0 11.0 12.8 ap
Hl, greatest transverse dlameter 12.5 1z.0 12.4 i4.4 14.3
Hl, width of heel 8.0 7.8 5.5 m:; 10.0
Mﬁmﬁut waw S%wo W Jﬁwu.rr
Lower dentition . E. 7, AHLTLH,
U, #Hio. Hiobrara
Depth of jaw gt M2 - W 23.2 25,3 20.0 8.9
Length, ¢ ~ 2 64,0 52,4
¢ , snteroposterior dlameter 11.0 10,7
G ., trengrerse dlameter 7.6 8.0
P23, saterovosisrior dismeter 8.0 8.4
P2, troasverse dismeter 5.0 5.8
P4, anteroposterior diameter 11.0 8.3 10.2 9.6
P4, transverse dlsmeter 6.9 8.7 8.8 B.2
Hl, anteroposterior diameter 14.0 14.48p 2.7 15.7 ap 17.8
Hl, btransverse dismeter 7.5 7.8 zp .6 7.5 8.8
¥2, snteropostorier diameter 741 6.4
K23, trsnsverse diamester 5.2 4.5

sy, sprrozimate meazurenend,



Relationships.- The form and construction of the teeth, espscially
P4 and ¥l, reveal the affinities of C.1.7., Hos. 1230 and 1231 with the

Paroligobunis - Brachypsalls group of mustelids (Hatthew 1924, p. 128).

Frachypsalis modicus ﬁg%ﬁﬁﬁw {1918 figs. 4 and 5) from the

Lower Snake Oveeck approximates 0. E ¥, Ho. 12Z1 wvery closely in slze.

fne protocons of P4, C.1.7. Ho. 1231, projects farther forward then ia

A M.E.H. 17210, Thies projeciion im more apparent than resl, however,

because the parastyle in P4 of C.I.T. Ho. 1231 is entirely worn sway and

tis has shortened in appesrance the anteroposterior dismeter tsken

through the cuter seotion of the tooth. ML of C.I.Y. Mo, 1231 has s

smaller paracone then in AJM.H.H. 17210, The advanced age of G.I.7. We.l231
parily accounts for such differences in the lower jaw as loss of ?ﬁ.

constrietion of sveolus of P2, =nd increased heaviness and depth of jaw.

For the mosd pard the lewer dentitions are similar.

Arachs

selis pristinus (Matthew 1904; Hatthew 1924) differs from
C.I.%7. Ho. 1231 in its ruch larger P4 with no parastyle. Ml is slse

wash larger and bemrs o sirong pusterior heel crest. The lowsr Jaw of

-
H

2

4his

mer Snake Creck species is not so deep as in C.I.T. Ho. 1230,

bab M1 bulks larger, @%ﬁ@ﬁi&lij in the heel region. P4 of AJ.H.H, 18922
8

is distinctly more slsunder than P4 of the Tonopah: form.

k= "

B._matatinus Hatihew (1924) of the Dower Sheep Ureek is wmuch

smaller all svound, and has o moys slo

ebliculdans Sinclair (1915) from the Ypper Snake Cresk is

H
e
s

sharscterized by large Yseih, greaitly crowdsd in the lowsr Jaw so that

i

P2 and P23 ave sed ebliguely in the jaw.
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B. marshalli Martin (1928) from Bdson, Kensas, differs in its
larger size, wnd in 1% relatively shorier, wider teeth.

B. sngustidens Hall (1930) from the Xern River Pliocene is much
smaller than the Tenopah species.

The skull fragment vith superier dentition, AJM.E.H. Fe. 8333,

the type of Aslurodon hysencides Cope from Driftwood Creek, Hebrasks

{Cope 1881, p. 3688; 1883, p. 244, fig. 1llo: fope and Mabthew 1915,
pl. 1188, fig. B) was considersd by Hatihew (1518, p. 1DB-188) te

represent 3. nsehyeevhalus. This form, Ghough slightly smaller than

Golod, Ho.o 1231, recembles 1% cleosely lan charaster of the dentition.

J

Llu voth forms Pl is s peg, Pg 1s seb slighlly oblique, snl the protocone
of P4 projects rather far forward. UL, though slwilarly consiructed, is

2 little larger transversely in A.RLH.H. Ho. 8326,
The typs of B. pachycepbalus Cope (1850} A 4.i.d. So. 8044 from
the Loup Fork Upser Mlosene, resembles C.I1.7, He. 1230 in lsagih of tooth-

row and apparently iz size of lower carnassisl. Unfortunately, the type

i

is ¢ entary and the teeilh are silher sbeent oy, a8 in the ssss of M1,

bvadly broken. The jav of the typs i slighily deeper and wore massive.

,

Although the type msterial is poorly pressyved the relerred

specimen, AM.N.H. Ho. BBEB, ezbibviis seversl charsgbers. Il fhis

P
{'g

i

refevence by Matthew is corvect, then the yelatiouships of the Tonopah

speoies are with L. ophialeg Vope.

dn unieseribed parxillayy dentition, V.0, Ho. 55447 from larstow,
clossly resembles U.1.%. He. 1281, slthough PL « P4 arc elighily nove

2 £ W

mastive than comparable teeth in G.1.7. Fe. 1251



The cats appear to be represented in the Tonopsh col-
lection by remaine of 2% least five individusls. The skull and
lower jew material was described im detail by Stock (1934). Al-
though the specimens varied somewhat in size and slightly in chare
acters, Stock referved all of them to Pgeudselurus intrepidus
Leiay. |

Pgsudaelurus intrepidus Leidy

Belstionships. -~Stock has pointed out that C.1.7. Mo. 791
is closely similar to the 0ld World Pseudselurus, while it differs
from Hetsilurus Zdsnsicy (1924) in premolar dental formula and in
possessing an aliszphenoid cansl.

18 marshi Thorpe (1922) sgrees clesely with

Feeudoely
C.I1.7. Ho. 1233 in size, but differs in a number of mincr respects
{see Stock 1934.) Zzcept for smaller size of the lower jav material,

the Tonopah felid agrees olosely in ail respects with the type

A portion of 2 lewer Jaw without teeth (U.C. Wo. 21518)
from the Barstow beds is larvger, deeper and heavier than He. 1213,
Fragmentary material frow the Avawabz Mounbteins (C.1.7. We. 2309}
represents a type larger in all messurements with more crowded feeih,
snd with a smsller heel-cusp in M1 than in No. 1233, Bpecimens from
the Cedar Mountain region (Merriam 1916) and from Thousand Oreek
(Morrism and Stock 1928) are too Tragmentary %o be of any diagnostie

valug.
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Remains of the Hauldae comprise the bulk of the fossil
collection from Tonopah. Isolated teeth and feot bones are preserved
in greatest sbundance. JMaxillary and mandibulsr tooth-rows make up
g considerable part of the collection, but thers are no complets
skulls., Curiously. while many individuals are represented by thie
meterial enly a few poorly preserved vertebrae were found.

ALl of the equid material mey be divided inte two distinet
groups, the hypohiprine and merychinvine. A population esunt based
on astragall and teeth indicstes s nminimum of approximately 10 aduld
and 2 young hypohippine individuale and 100 sdult and 10 younz of
Herychippus.

411 the specimens referable to Hypohinous apnear to fall
inte a sirgle snecles.

The merychipoine materlal, although extremely abundant,
shows surprisingly 11ttle variation. Henece, %the sprecific and
subspecific differentiation, which was encountered in the Sheep
Craek, Pewnee Creek, Snske (reek and Barstow faunss, stands in

contrast %o & stability of tyve in the Tonopsh sssenblags.

Hypohippus nesr affinis (Leidy)

Skull. ~ The infraorbitel forsmen lies dlrectly above the

anterior vortlon ef P4, The diastema between I3 and ¢ ranges from
12 to 18 mm. in length, while the dizstems between C and Pl falls

bebween 27 and 22 mm. in length.



Handible, = A single specimen representing the symphyseal
region indicates that the diastems between O and 253 spproxinabes
42 wm. in length. The mental foramen is located below the posterier

part of the disstena.

Yeagurements {(in millimeters)

680 1881
Anteronosterior diamster of
symphysis measured on inferior
border from notch to base of
crown of Il ' 65.8
Least width of symphysesal reglon 24.0
Lesgt deopth of symphysesl reglon 22.5
Depth normal Yo slveolar border
anterior to P2 : 35 ap
Depth normal to alveolar bordsy
anterior to M1 45

&p, approximate measurement.

Uhner vermanent dentition.- The inclsers sre large, shorb-
growned, deeply su@mgﬁ; Pt unesmented. A strong bresk cowurs
netwsen the thickly enameled crown and the root. ¥While the large
short canine displaye a roundsd exterior surface, a strong median
ridge occurs on the iansr surfacs.

Pl is 2 relstively lsrge, short-crowned, double-rooted tooth.
1% sppears to be cupped on the occlusal surface, and is suboval in
outline.

In striking contrast $o those of Merychippus, the molariform

teeth are by no means subequal in size. The teeth of the premolar



&6

row increase steadily in size from P2 to P4, the latter being the
largest of the cheek-testh. The nolar teeth desrease ranidly in
size from Ml, which is almost ss largs as F4, to M3, by far the
smallssd of 311 the cheel-iseth.

ihe larege protocone éi@giayg:;har@a%ﬁyigtia subeconlesl shaps
with anterior horder flatbened, and 1s greater in size than the
hypocone, 4 strong eingulum asnterior Yo the protocons usually
disapnears on the medisn border of the base of the protocons. In deeth

3

of one premolay seriss (C.I1,%. No. 1879) the cingulum continues across

b
fn o
el
@
=5
P

sdian border of the base of the nrotocone. In P3, P4, and HZ
the internal basal bBorder of the protecons lies lingual to that of
the hyvocons.

Hormally the protoloph remains separate from the ectoloph.
Cenerally spesking the anterior premclars sheow greatest senaratlion
of protoleph from ectoloph. The eztent of this separation decreases
progressively toward thé nasterior nolars. With incressed wear the
nrotoloph tends to become abttached %o the ectoloph. Such attachwent
has been cbserved in seversl specimens of Ml, but in only one exsmple
of F4. In a few cases the protocone is separate from the protoconule,
but the two cusps are ususlly joined together.

The hypeaém@ is alightly emaller than the nroitocone and is
not sc perfectly conieal in shepe. A small eingulum may bs present
at the medizl end of the walley between nrotocons and hypnocone

(usually on P2, sometimes on P3, never on the other teeth). In well-

worn teeth the hypocone and hyposiyle are coansched.



EY

-The metaloph is attached to the ectoloph in almost all permanent
teotl of Hypohippus in the collection. P2 in G.I.7. Ho. 1239 forms 2
single exzgepiion. The transverse crest which makes the connection
ecurves anteriorly from the hynocone, then ewings back to join the
actolovh at & vpelnb ovposite the mesostyle.

The large hyrosztyle is generally cupped posteriorly. With
wzar, the cup or infold disappears. The hypestyle generally remains
diserete, though with wear it does become connected with the hypooone.

4 moderastely strong oingulum borders the tooth betwesn the hynostyle
and the hypocone. In one vremolar series (C.I.7. Ho. 1879} the
cingulunm actually traverses the base of the hypocone and iz continuous
with the cingulum of the yr@ta@gn@.

A narrow ridge joins the hypostyle with the metastyle. This
tenucus sommection 1s compleled ab & later stage of wear than is that
between hypocone snd ectoleovh, but is usually esrlier than the
than the connectlion bebtwseen protscons and ectoleph.

Orochets reaching forward from the mebscomule, anvnear on seversl
third nolars. The fosseties are rorsly closed, sad then only when the

ath has basn greaztly worn. In some specimens a feow nlications have

ol
3
&

Cement is complebely absent. The ogclussl surface of the vermsanent
upper chesek-testh varies in shepe. It may be sguare er rectangular

with transverss wildih much greater than the anterspesiterior.
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The following messuremenis (in millimeters) glve the meximum

haighte of the low, dbronzly curved orownsi

1878 1239 1404

P2 17.0 Hi 7.2 i3 ig.8
3 18,6 st W2 17,7

oy

i9.0

eet, ostizabed nozguremsnd.

Usper deciduous dentition.~ Only twe testh, both representing

B

2, vecur in the ecolleetion. In these the nrotelorh is nol connested
with the seteloph, snd the nrotocone ig sevurated from the nrotononule

in 6,17, Ho, 2845, Yhe elngulun, thoush well developed slong the

snterior & of the teeth, iz sbesnt on the inner bage of both rrotovons

and hynooons.

diagnostic charseler. 4 small transverse ridge npolats invard from the
acholoph at the wosterler end of ths varacone crssgent. The ouler end
of the metaloph ridge terminates Just anterior bo the transverse ridge
of the sctslovh. The two ridges overlsp and come very close o sach

i

sihaer, bub they are not Jolnsd togelher excepi verbaps ab the very

The nypestyle lg much more suppressed than in perosnent teetb,

o

The shape of the occlusel surface of Im2 is like that of P21 JAntero-
nostorior dlaneter along ouber border, 28 millimetersy grea.est
tronsverse dismeter, 26.6 millimeters. The crown height in Dm2 is

14 te 1B willimeters,
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Lower permanent dentition.- Ths ineisers (C.I.%. He. 6B0) ave
long-rooted, short-crowned, and not s0 procumbent ae ape the merychippine
lower incisors. A sirong dividing line distingulshes the upraised,
thickly emameled crown from the root. Very shallow uncementsd oups
gacar nesy the posterior horder of the geelusal surface.

PL (C.I.7. Ho. 2847) 1s & small single-rocted tooth which frem
root to crovwa is concave anterierly. The crown is laterally compressed,
with = faint enterior tubersle and 2 large posterier tubsrele.

48 with wprer chesketesth, Fd {s tho lorgest and the remsinlag
beeth are suscessively swmalley in either dlrvection from P4,

in the wolarifora tesih the metaconld-mebasiyiid column bears
ae proucunsed gutbsr on its ianer wall. There ls sometimes a very

alight groove nsar the sumuit of the columa. Tih wear the column
ingressss very vepidly in anterovosterier dismeter.

“he postarier lobe of W is relatively small., The trisngulay
satoconld becomes sguare with wenr. The external walls of the vrobtocenid
snd hyoooonid dieplsy = strongly curved finely flubted ensmel surface.

4 wery deen walley lies bebween the protoconid snd hypsconid. Yo
gement 1s present on the tesih.

A strong einpgulum, which arises high on the anterier Lorder of
the tooth, skirts the sxbernzl bassl bordsr of the protosonid, A
second cingulum originates in the protoconid-hyrosonid valley, skirts
the external basel berder of the hyveconid, then vises sharrly to the

nogterior border of the tosth.



The oeclusal surfaces sre relatively short and wide.
RBablos of anteroposterior dizmeter %o transverse dimmeley

B3 P4 Wi M2 ua
1,301,400 1.18«1.386 L.838-1.80 1.23-1.3% 1.80.1.70
The noximun crown helisght for all of the lower molarifarm

> il

testh iz soprox i%a%gl O milliastsrs.

Lower declduocus dentition.- The milk-teeth resemble the

sormangnt dentition in every respect sxcept height of crown.
Measuremsnts (in millimeters)

#848 AP Ty Srown helght
B or Ind 28 18 1z



Hyoohippus osborni Gidley (1907, p. 930) is considerably

smaller than the largest H. nesr affinis, slthough only slightly
smaller than the smellest individusls referable to this species,
Hypohipous near affinls from Tonopah falls short of the

type H. gffinis (Leidy) in size

al from Bleg Spring Danyon

‘:«S

(AL, Ho. 10834), which was assigned to the type H. affinis by

g
M

Glaley (1908, p. 13B), shows that the lower $reth of H. affinis ave

somevhst larger than those of the Tonopah form.

4 wmolar servies, P3 - M2 U. U, Ho. 22018, from the Hicbraras

River U. G, Locality Little Beaver & V336, is smaller then the
corresponding teeth from Tonopsh. In this specimen there 1s a firmey

small conicel cuspule

&
&‘é

¥
i

ponnection bolween metaloph and ectolonh, and
is pressant st the lingusl end of the protocone-hypocons valley of all

the

{r%

teeth., A small crochet is developed in P4. The protocone snd the

nrotocanule show o tendency to remsin separate in the premolars. Ia
this 1 T sharacter and in size, the Hiobrars Aiver sneciaen mposars

ol

2 little move prinitive than H. near zffinis: while on the basis o
metalovhe-sctolonh connection the Tonopab forw may be slightly mors
primitive. H. near affinis is interpreted to be more sdvanced but
situated on 2 olesely allisd side branch which retained the primitive
gseparation of metaloph and scioloph.

%ell preserved series of upper and lower permanent teeth and

upper milk teeth of Hypehippus affinis in the Burge fauns have been

$1lustrated by HcGrew (1938). These teeth agree closely in size with

those of H. near gffinis. 4 partially erupted Ml in U. C. Ho. 28842
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Yeasurements (in millimeters)
Uppsr densition 1404 1401

Length of eeries P1 - M 164
i * 82

Tengbh of sar
Length of ser
Y, anterovos
3 grastest

3

@é@r L

Py @iaﬁg suber border 0.0
P2, AP protoconule~hynostiyle 24,0
P2, greatest trensverse diemeter 27,4
F2 &ﬁ@ ﬁmta %%“S e 0.2

o

£.a 008 &u%*r J@ﬁl?
‘ mWQ%@aﬁrwlaahy%@a%?iﬁ %8

53 8

ng onbey bovder Z28.5

gg ?‘*%ﬁjﬁa&wﬂwﬂfﬁﬂﬁiyié 25.0
&&ﬁ%&% % Aﬁaveyﬁ@ dismatey 22,8

; oubtsy border 28.8

m%ae&%a&&»hﬁ%@%éy @ 24.2
asiest bonsverse dlane 4
zlong osubsr bordey
@?&t@?ﬁﬁ&l$~HYW® tyle

11, 14.4

1, 11.6

12, 12.8 11.5

iz, 1.3 8.5

H G.7 S,

iz, 7.9 B.4

O oar 1.4

{f? 2@3 %-?

G- F 23 = 28 ap

AP, anteroposterior diamotoer.

S8 ,mmma & HEamaim
e

hed messy r@&wﬁ%.
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Relztionships.- Hypohipous nevadensis Merriam (1913A) of the

neighboring Hemerslds fauns vressants several charscters which find
analogies in H. near affinis from Tonopsh. The former species was first
described from the Bemevralda (U. 0. Locality 1980) near Cedar Moundain,
Bevada. Jarther material from Fish Leke Valley, Hevada, was assigned to
this specles bty Stock (1926). A detaliled comparison between the Tonopak
gpecles and H. nevadensis revesls = similarity in charscters, Wt =
diserepancy in size. Unlortunately for the sake of comparison, the
material of the type H. nevadensis consists of deciducus upver cheek-testh
and Ml. Dm2 from Tonopsh is much smaller than Merriam's type (U.

Ho. 21058) and somevhat smaller than the specimen Ffrom Flsh Loke VTalle

(U. C. Ho. 27116). The largest Ml in the Tonopah collection is muc

smaller in all dimensions including height of crowm than M1 (. €. Bo. 27118)
from Fish Lake Valley. The deciduous teeth of H. nesr affinls resembls

o

those of the Oedar Mounbain specles in separasition of metaloph from ectolonh,

243

e Pish Lzke Vslley form. Vaile

o

in which respect they differ also from %
the metaloph and ectoloph are separate in ML of U. C. Ho. 237116 from

Fish Lake Valley, these crests are Joined in all permsnent cheek-teeth
from Tonopah except P2, €. I. 7. Ho. 1238, A crochet is present in
Im2 and Dm3 (U. C. No. 27116}, but 1t is weak in Dmd and absent in ML.
In the Tonopah collection only one tooth, an M3, bears a crochet. A
ginguluz traversing the entive inner border of the upner chaek~testh
mey be nresent or absent in the material from the three Hevadan

localitissn.



lower teeth of H. near affinils resemble those from Fish Lake

Yalley in every rvespect excent size. The latter lower teeth sre larger
by shout the same smount as sre the upper teeth.
Iimb elements of the Tononah species closely aovreximete in

tee those of U, 4, ¥. 21085 from Uedar Hountain. It sust be vemenbered,

@
Lw.! .

swever, that the limd slements of H. near affinlg ave those of a large
sdult, whereas U, G, Ho., 210B6 reprosents a very young individusl.

In summary, the mejor difference between the Tononah form and

and Fish Leke Vallsy is one

i
o

nevadensis from Yedsr Hountalr

The latier aversres one-sixth to one-sighth larger lineslly

than the fowmeyr. In Hynsohinpus nevadensis the Ifmportsnee of se

w:

sf metaloph from sctoloph and the develorment of & crochet may be
overestimaied. Herplam (1913) based the new subgenus Jryuehinoes on

sh Leke Yalley ma

this separation of lophs. After revies

Stock (1926, p. 64) commented: HIf the form fr

region has been correctly assigned bo Herriam's spscles, this character
LA g S b

eppears bo be sublect 3o individusl wvarisiion and cannot, therefurs,

be counsidered awn ng Urymohiprus. Likewies, the development
af & erochet in the milk teath would not then offer n cons

r menbers

Holr : v, BLE. n ths figure of Bypohinous soulnus

Soott (1895) on Pz the metzloph is apnarently separate from the

setolonh. The Tonopah materizl, with metaloph and ectoloph joined in
all excent two milk %eeth and in P2, bears out the contention that such

variations mey be common %o many hypohipnines.



Hynohinpus esborni Gidley (1907, ». 930) is considerably

smaller than the largest H. nesr affinis, although only slightly
smaller than the smallest individusls referable to this gpecies.
Hypohippus near affinils from Tonopah falls short of the

type H. affinis (Leidy) in size. Haterial from Blg Spring lanyen
ga = 2 & : 4

(A M, H,H. Ho. 10834), which was aselgned to the type H. affinis by
Gldley (1906, p. 13B), shows that the lower teeth of H. affinis ave
gsomevhat larger than those of the Tonopah form.
. molay series, P3 - MZ U. O, Ho. 32019, from the Hicbrara
River U. 0. Loeality Little Beaver & V336, is smaller than the
correspending teeth from Tonopsh. In this specimen there is a firmer
connection between metaloph and esctoloph, and a small coniesl cuspule
is present et the lingusl end of the protocone-hypocons valley of all
the testh. A small crochet is developed in P4. The proiocone snd the
protoconule show & tondency to remain separate in the premolers. lIa
thie latter sharsectsr and in size, the Wiobrars River specimen sppecrs
s little move primitive than H. nesr affinis; while on ithe basis of
metaloph=ectolonph connection the Tonopah form may be slightly more
primitive. H. near affinis is interpreted to be more advanced bub
situated on & closely allisd side brench whieh retained the primitive
separation of wmetaloph and sctolenh.

%ell preserved series of upper and lower permanent Tseih and

uppar milk teeth of Hypohippus affinis in the Barge fauns have been

$1lustrated by McGrew (1928). These teeth agree closely in size with

those of H. near affinis. 4 partially erupted Ml in U. C. Ho. 28842



8

indicates that the Burge form i mueh higher orowned. The tooth
pattern of U. 0. Ho. 28840 differs in presence of a crochet on meialoph,
in better connection of metaloph and ectoloph, and in development in
the last two molars of & small conlcal cuspule at the lingual end of
the protocone~hypocons valley. The leower molars U. €. Heo. 28840 are
similar in pattern to those of H. mear affinis., bul are somewhab higher
erowned, snd have a larger nosterior lebe inm M3,

Enown material of Hypohinpus from Barstow is too fragmentary
to afford any comparisens ef value. On the basle of broken lower teeth

U. €. Nos., 21215 and 35421, the Barstow form appears larger than the

e

H. near gffinis, yet in all orobabllity 1%, too, lies near that spscien.

Hypohinnus near zffinis from Tonopsh way have been ancestral

to Hypohiprus nevadensis. The former type represents a siage af

development which is slightly more primitive than that shown in H. sffinis
from the Burge of Gordon Creek, and is move advenced than H. of. osborad

from the Mishars Mver of U. 0. Los. Iittle Deaver 4 ¥ 336,



Mowychippus calamarius {(Cope)

¢ are deterninable from the

Skpll.~ Only 2 few minor charscter
sparse and fragmentary ekull materisl. The iafraorbitsl foramen liss
directly above the vosterior portion of P3 and the anterior border of
P4. The antericr border of the orblt reaches as far forward as the
plane of contazect betwesn M3 and M2. Vhile the diastema betveen I3
and € vanges from 19 to 24 millimeters in length, the disstema between
G and Pl varies inversely in length from 32 to 26 wlllimeters.

iandible.~ Although symphyseal sections and horizontal varts of
pandl were pressrved in conslderable abundance,

&

to iillustrate the reglon of the angle and the

ety
2
%

cenine aocurs immediately vosterior o 13, and the dias

€ and P2.iz from 43 to 49 nillineters long. The menbtal Torsvwen is

between C and Po. In young animals the toothesize

&

astamal length is the same as in adulbts. Growtl

talkes nlace by deepening the Jaw
to Dméd in = young Ffoal (C. I. T, ¥o. 2833), %6 50 mm., betwesn P4 and
¥i in & young adult (C. I. 9. Fo. 2834). The mandidle is also
thickaened by zrowth. However, the greatest incrsase in slze and in
length tzkes place in the molar reglon, a3 the ascending vemus is

pushed back to meke voom for the meolar teeth.
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Hessurements (in millimebers) 2834 678 656

Anteroposterior dlameter of symphysis
measured on inferlior border from

sroteh to root of Il 50 gp 49 40
Least wldth of symphyseal regloa . 2B.4 23.0 19.0
Lesst denth of symphyseal reglon 28.0 20.4 16.5

Depth normal %o alveolar border
snterior to P2 32.9 31.0 21 ap
Depth normal %o glvsolar herder

snterior %o ML : B5l.4 43 est 22 et

ap, arproximate measurement.
as%, eabinated measurement,
Tooth wear.- Advenced stages of wear effaee detsiles of the
LBoul weer ,
ensmel pattern and destroy the original provertions of the occclusal

3

sarface, Hence, well-worn teeth tend %o lows many of the charachbers

&

on which specific determinations are made. For this ressen, in the
following discussion, 21l remerks anply to tseth whieh are spproximately
one-3hird worn sxzcent where noded o the contrery. Testh which ave
unworn to one-third wornm are designsted as unworn, teeth which are more
than one-third worn are termed worn. The state of wear of any given
tooth was detsrmined by comparing the beight of crown wit

orown height for that tooth.

Uover nermanent dentition.~ The Incisors arve sirongly curved

and relatively long-crowned with ne sharp break between erown and root.
The enamel gradually becomes thinner znd disappsars toward the rooet.
In esch inclsor the grinding surface is deeply cupped and the ensmel

1afold is filled with nement.



Fte

The upper canine is a strongly curved, peg-like tooth.
Ogcasionally the niereing end of the booth, iustesd of velng circulsy
in grose sectlon is somewhat flatiensd on the lingual side of the
anterior and posterior edges. Hense, the itosth appears 23 & small
curved blade supnorted by & column on the 1iﬁgu@1 side,

Pl &s a small, short-crowned, double-rooted tooth located
immediately anterior %o FZ. It is gemerslly welleworn abt an sarly
stagze and is often lost soon after maturity. Decause the angle of the
surface of wear on this tooth msy vary groatly., its enamel patiern

gonears in a number of diverse forms Basieally 4% consists of 5

prominent outer border, = stronz metaconule, and a nartially enclosed
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of the unworn teeih have roundad or oval vrotoconss. In the rest the

a spur projecting toward the protoconule.

nerally inflated although it

Indented protocones raprely sccur. The long sxls of the proitocons is
o

Eat

sriented for the most pard antervopssteriorly. Ths vrolocone usually

D85,

&

lies lingusl to the positerior half of the prefossetie. In some os
however, it 1% more posterior, exiending back to & position lingusl %e
the metaconule. The nrotocone in M3 always has this posterlor position.
The protocone is always larger, mors inflated, =nd more lingusl in

pnosition than the hypocone.



The hypocone is practiecelly slways united with the metaconule.
It ig gonerally Flattensd, slthouzh 1% may bes rouwnded in some specimens.
“he longz axls of the hypocone is almost never oriented anteroposteriorly.
The oli-cabsllin ie generelly o sisngle, anoubely polundted vlicalion,

sometines o single rounded pliestion, asund rersly s bifid or double

ot

plication. The hynostyle has sowsiimes no plications, but commonly

possesses 2 single aoule nllesilon and revely has a double nlicstion.
The fossettes are usually elosed in =ll ieeth excent P2. The

varicous vlicatlons wange in number from nons to quadruple folds. On

£

Ea g = Lo by, e 2, o oy 5
bhe wiole, the complicatlion of Sthe

moteretely to highly eomplex for s meryohionine form. Thars
K K ¥ i

Sir My he e v g i »- i E .
%o be o direct corvelatlon

gopplexity of the ensmel nalbters,

sbion, the mere cowplex the patiem.
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the paition ‘ebween ante stherlor and transverse

e
3
]
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v 1,182,310 in absolutely wyvorn teeth to 90-.76 in

very worn beeth. Because of the cement covering on most of the tsath,

=

{inacouracies snter into the measurements of the transverse dismeisrs

{Bode 1931, p. 122).

crowng of the molarifornm teeth are strongly curved. In
unwarn tesebh the radius of curvabture of the external styles generally

falls between 40 and 50 mm. The radius of curvature of the lingusl
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gide of the protocons ranges between 12 and 18 mm.  In unworn wpper
teeth the mexisunm erown helght 1s grester than in any seryohippline
gpecies previcusly recorded.
Measurewents (in millimebters)

A B

&
Y

41
45

i ¥}
e ing 132

i
e de
H

SRIR R

ey

i 40 zp 43 ap
M2 44 47
HE 36 41

ap, syorezinste pnessurement.

mmagurenunts were deken of ae S8 WRESTH

unerupted teeth in maxillary batterises. In 1ilst A crown height is

the sghortest distance frop root to grinding surface

f‘i‘&
&
fd
I
@
el
4
g
b

f

vier to mesostyie, with the noteh bebwsan the
e ?

one meassuring noint and the indenteilon on the external

wadl of the btooltl bebwess parscone aud aother
1B AE noind.

The measurements in liet B token by the meshed ussd by
Hode in compiling dots fFor & table comparing the crown helght of

neryvehippine forms fo seall, Csalinga, Zarstow and Tonopsh
{Bode 18534, g 56}, The messuring points in this case were the bezae

of the sntersexbternsl reot and the tip ef the varacone ougp.

Uoper decldunus dentition.- The imeclisors are large, dseply

cupped teoth without cement. The canine (C.I.7. No. 1312) is flabtened



1oz

particularly on the iamner side. Dml, as 1% aprears in C.1I.7. ¥o. 2838,
iz & slightly longer tooth than PL1. Ths metaconuls is poorly devsloped,
hence the jeoth is blade~liks in appesrance and shows no Sendenay

toward developing Fosselises.

iy

Character for charseter the nolariforn deciduous Ssedth roseudle
closely the psrmanent nremolavs, axeept for the empaciad differcnces
vetwesn decidvous and vermansut beeth. In the molarifors declducus

teeth the protocons remaing free until the crowns arve more than half-worn.

The Tossetie borders are & little wore complexly nlicabed then they ave

sabl bhe semsnt varles

N S R g Yoy ., Pe—— W T - B by 8 % e & T AP pe o o .
nodsrebely thick external ceabing and o thin film in the Fossedtes.

folloving mexloum crownehelght wag nessured from the roobs to the

ap, sporoximate nmeasurement.

wowey permanent dentition.~- 4 symphysesal section of the jaw

with ineisors and canines complete {L.I.E.

lower ineisor teeth Like the wppers are relaiively longecrowned snd have

no sharp break belween crown and root. Likewise, the grinding surfsace

is charszcterized by deen cement~fillsd cuns. inclsors differ

from the wpper in thelr more procumbent position and the crowns arve

thersfore not so sharply ourved.
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Yhe lower canine is less curved then the uwpper. The yood of
the %ooth iz clreular in cross section. The plercing end of the teoth
is flattened on the buccal as well as on the lingual side slong the
sntevior and nosterier edges. This gives the tooth the anpesrance of
2 gentral cons with anterior and posteriosr flanges.

Pl, based on a single separate tooth, C.1.7. Fo. 2837, referred
to this position i¢ very small with bwo rounded rools slessly apnressed.
In an snterososterior direction the ftooth is pinched in wherve the
crawn and roots Jein. The crown is strongly compressed labterally with
sharp asnderior and postericr edges.

The stout oremolars tend te be a little ghorter anterse
vosberiorly and mueh wider transversely than the molars. In the
molarifors %teeth the antersposterior length of the metaconid-
&e@&éﬁyiiﬁ golumn is reletively greast. The walues for the ratioc
metaconid-netastylid length to anteroposterior length for PR thru M3
ranges From .35 te B3, vhile the mean values for sach of these itesith

ks

fail between 41 and .48,

7
&

Ueasurenents (in millimeters) Batios of measurements

Maw, #in. Mean NMax. Hin. Hean Hax. YHoan

AP AP AP MCS  uCS  MOB /s ¥4
¥2 (separate) 25,5 21.8 24.0 6.7 5.0 5.9 .28 .20 .243
P3 {(in place) 24.2 21.4 23.2 11.2 8.5 9.9 .48 .35 .439
P2 and P4 (separste) 25.0 20.5 22.8 11.8 6.4 10.2 .53 .38 .448
P4 {in place) 25.2 20.3 23.1 11.5 8.8 10.3 .50 .37 .444
¥l {separabte) 26.0 19.3 22.6 10,8 8.0 9.3 .48 .36 .413
#2 (separate) 26.4 19.5 22.9 11.0 7.7 9.5 .46 .36  .417
42 (geparate) 27.5 24,0 26.1 8.7 6.5 7.7 .33 .26 .294

AP....anteroposterior length of tooth
HOS. . .anteronosterior length of mstuconid-mebasivlid column
M/A. . ratio of HOS to AP
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In P2 the metaconid occasionally sfands ss s small szaparate
golumn helfway batween the metasiylid and perestylid. In such cases
the anterovosterior dlgmeter acwoss the melsconid and metastylid

selumn is much greater than it is when the 3wp ave jJolned into ons

S

eolumn, and the mean retlie of mebaconid-metastylid length te anters-

- Fid

wosterior length beoomes .36,

The gutter on the inner wall of the mebaconid-metastylid colunn

-

is sharply inclsed bo rounded. Though the gotier disavnears vith wesr,

1% i3 always of vronounced depth in unworn Sesih. P2 charsoteristleslly

noszesses & small gutter and e metastylid which is often wmove hishly

develoned then the metaconid. In 8ll eobher teeth the meitasonid suroasses

ths metastyiid in gize. The nosterior lobe of X is greatly extendad.
The narastylid swings fnward lingusl o & to

the lingusl side of the sslazconid-mebtastylid column.

Wnile the entoconid may be in any form from trianzular (often
indented) to rounded, to slmost rectangular. it iz generally rounded
snd strongly inflated.

The posterior extension of the entostylid, »hile sommonly
shrong in unworn teeth and especially streng in the molars, waries
considerably from one tooth to another. With increased wear the

&

entostylid decreases in size.

teg

The external walls of the protoconid snd hypscenid are strongly

gurved in unworn teeth. Une or twe unworn testh and a few wern testh

u

in the collesotion show a slight tendency toward flattening of the outer
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walls of these ousns.

eusps generally ovoints anteriovly. Yith wear the valley becomes more

tely to heavily cemented.
'5

p o T ¥ s 3n
al fold is nresgent on more than 70 per cend

T o E
than one-fonrdh

surenents on

ed the 51l

nteronasterier dlapater digmetsyr

‘ Unwora ?@@ﬁh Horn Teath
Mindwan Harioun Awsrnge L

_ 1.81 2.06 2,01
and P4 1.60 1.98 1.78 1.57
1.83 2.50 2.2
2.04 2,80 2.5
2.46 3.0F 250

The extent of plication of the enamel walls of the lower

cheek teeth is very slight, hence the rabtern would be termed simpla.



106

STGWR
ared,

s

tiemeber

sonid
als man

4
© 24
23 mw W €5 ‘Mw
ool o ) foet Bt
E [ T & o
ox el kol £y 13
Eae] o £ ¢ & 0w
- w B &
s 4B =t e £
) w @ > @
w e B i D
= @ & 3 2]
mu_ a kit Ha €y H [
$e et o4 ® ) Fa
23 & ! S0 T B e 40 0D Ty 3
s i A R R B S
g2 o o
E | : % A
o 2 ® DHEWW &
i s BeE &
iy i @ @ 5
B Iy ad o i < g ! =
& 3 oo Wm o b~ o
s s o = = ot g wum o
& o 43 [ s I ¢ 4 wd B owf wf
el £ : Bt B I s e »
& & L2 A & a3
4 o SRN R R
) HootRSA
bl L i3
W & 3 i
3 el y
£ £k M.&
2 = =t
[ 4 43 j=] as
o " 124 Foaeni<
) ] it 2] % %nw
[ T %3 gL e £3
& ®4 4 @{
5w 5 3 &
£t ¥ &% ]
g 23 =1 Bt
o £t -
[ i

Gant.
et

& iy
w0 Finl
o5 P
e o8]




ey

These ratios for Dmd and Dmd sorrespond closely to similar
ratios determined for the vermanent nremolars P3 and P4, The ratio
for Dm2 is higher than all rstics For normal ?%9 although 41 i
fidentical with the ratio determined for the second premolars in
which the metaconid stands zs & separate column from the metastylid.

In Dm% and Dmd the mebaconid-metastylid column has aboub the
same astrength ss 1% has in P2 and F4. The column is normall ly sironger,
however, in Dm? than in P2,

The gutter on the inner wall is sharply insised and ef sheud
equal depth for all three declduous molars, hence the subtber in T
is relatively much deepsr than the gubtier in $3,

Ag in permanent premclars the metastylid in sm2 is move
highly developed than the metaconid, while the reverse is true of
Dm3 snd Dmd. In contrast to the entoconid inm permanent testh, the
milk sntoconid e triangular to strongly indented., Only afler con-
ziderabls wesy does the snboconid appesy rounded. In 2 and Dm3 the
entostylid is strong and is sharply curved linguslly. In Dpd the vory
sbrong entostylid projects posteriorly with only a slight inward
curvature. The strengly curved exbernal walls show no flabttening.
The ensmel surfacs displays a dlstinctive finely fluted surfacs. The
very deep valley detween proteconid and hynoconld points sntericrly.
Thile o few of the teeth lack cement almost completely, nmost of ithem
are thinly coaled with 1%, and some nmight be termed moderstely

cemented. The sntersezternal fold is wery well developed toward ths

base of the crown in Dm3 and Dmd. It 1s slightly to moderately developed
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in Dm3. In approximately two-thirds of the milk-teeth in the collection,
the external tubercle betwesn vroboconid and hyvoeonid is moderstely
developed to well devaloned. lLacking cement to rousd 1t off, the
soclusal surface i very rough, even sharpensintad in an unwern stsgs.

9

Yaristions in shape of crown may bs expressed by ratios belween ths

asnberoposterior dismeter and the transverse diameter.

Hatlos of antsronosterior dismeter to transverse diasmeter

#inimun Maximum
D2 1,98 2o 3L
a3 1.63 1.50
Dad .74 2,08

The snamel patbtern of the lower nilk molars is simple. The
maximus crown helght is expressed as follows:
¥aasurements {(in millimeters)
51:6
13%
18

35
i

tooth

" =, ", . I ) % . £ . s o Soam e . ,,
from the base of the hypocons to the orest of the hynooons cusp



Measurements (in millimeters) Marychipnus

Upper dentition 2839 669 1311 2840 g4y celamarlus
Type Specimen

Length of series F2 - MZ

pos
&
[

142 134 128.0

33
Length of series Pg - P4 76.6  73.5 713 TET 7LV 57.8
Length of series Ml - M3 8l.4 61.8 87.2 61.9 81.G
Fl, enteroposteriocr dlameler 14.9 12.6
¥Pl, transverse dlamster 8.4 7.2
F2, anteroposterior dlameter 28.3  27.5 27.0 27.0 27.4 25.0
P2, transverse diam &?e% 16.9 7.5 17.4 18.2 17.% 17.8
PZ, anteroposterlor dismster 24.0 23,0 22,0 241 22.3 Mg.ﬁ
P3, transverse diameter 20.0 20,5 20.0  20.8 23.1 2L.0
P4, anteroposterior dismeter  IZ30.5 23.0  22.3  B3.& 22.0 ZZ.
transverse dismeter 21.0 21.9  21.1  21.B =22.8 20.5
anteroposterior diswster 21,0 8.7 18.8 e2i.2  z20.7 12.4
transverse d1an ﬁ&%%; 19.6 2l.4 20.8  21.8 24.2 18.8
', anberopeos é 285 2i.2  18.8 23,0 2i.2 2l.2
B2, transve 20.5 21.6 1.8 24.2 18.8
A aniar 23.5 2EG0 20,0 18.1
transes: 17.8 1.0 21.4 17

&
i
ot

11, 13.4 3.5 11.5
1. 8.1 8.0 8.0
iz, 13.8 14.8 13,6
iz, 7.0 7.3 7.8
1z, 11.7% 13.6  11.4
1Z, 5.8 6.3 6.4
G, prestest dlameter 10 ap  10.7  10.1
.3 t dismeter 70 7.3
13 2 23.0 19.0 2L.9
¢ PL 2lastoma 27.5  31.3

ap, sporoximate measurement.
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Heasurements {in nillimelers)

2844

&

z

2843

Upper niik dentitlon
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Heryehippus intersontanes Mevriam (1915, 1918) from the

Baratow faune falls withia 3he gime limlde of the lareest Individusls

mie snamel padttern and enrly sitochment of the

igk the unper chesk=%eeth and nilk-dentition fron

Home of the lower testh of M. intermonianus

4
Ha
g
e
Eedit
&

e
-
Bopcadt
pe
i
i
394
3
Eo
by

3
L#
&
A ’9
E Y'
el
o

?53

el Fold vhich develops so commonly in lowsy

LI It
choek=teeth of M.

4 oy

Theugh the wprer chesk-testh of MHerychipous sumsni Merrism

(1911, 1915, 18919} from the Barstow show o comolexity of enmamel nabtern

calsmarius, the teeth of thiz svecles »

(1915, 1919) frem

colamarius *in

Tieity of enamel folde of the walls bordering the fozseties.
eoe. ..t i considersbly smeller than the tyoicsel form and the srowns

¥ Be dune in oert Lo

soan narrowsr.  The ay
W oy . P by g T il
n shages of wear of sy ﬁmmxmw;mwﬁev%@ﬁ%mwgm

ssurement.?  The suthor wishes to voint sul that the messurements

wrevicusly vecorded (Cope 1877, n. 3294 Herrism 1919, n. 488) fer

. calsmering obviously de not correspond Yo measurements made on the

*
s

original nlate {Oove 1877, pl. 75, fig. 1). Thus discounting the
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1a

species Pliohipous bantelus Merrism (V.0. No. 19434,

1919, fig. 188} and Plickipmue

crowmed teeth then in Mepyehinvue ealsmarius. Pliohinmus near

(U.0. Fo, 21323, 1819, Ffiz. 188} is of shout the same size as

it i%e snsmel patbers ie slumler snd the donthesroun

) . .
eatamariug from
SELENBTIRG

widas frop the Snelre Uresk was 2% Tirst

ryohivrus of. Leidy (Lotthew

fornstion woe divided inlde zones, 2inety o ninsly-f]

niensis Oope (Matthew 1924}, The type

B
By
i

Thess beedh 41 ey from

smaller and in lacking cement. Yhe type

»olatlivaly lowecrowned,

e In the un

o nanre

A second specles venresented Wy Y. 0.

$ o &K
in 1%

E443

gonstant nrotoconal

sannrsbion, gommler gnanel

I g e 2 B 2 . LY v B e o 5 <

A& third epecies, whish may ey : ¥, nerditus, sonesrs longey
¥ ¥ He DBYOATUS

grownsd and shows definlts commectlon between protosons and protocoaule
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Comparabive Oeteclogy of Hypohdppus and Meryehdprus

Braletsl varbs.e Por the aoke of convenlenos in 4isouseion,

derychisms calopeariue end Hyoohioous near

the shelels]l elomonis of Mo

affinie srs dsscribed togetber. Very few of the larger bones hove

saberial seours in o

been syeserved completely.

nogrer state of pressrevation and speelimens are wush leds sbundant

g1 i 943’3"’ i?"’ SORIETPERES

yayy clossly in oll foslures esxoent size. Unly fhose &

sarblons of elomonts

"ia

wﬁﬁﬁ; %% whdeh g

saeribed bolow ab

this slement of the shoulder pledle

i

g

downvnrd slove toward

Soumn in iis ¢

ple

1idneters] of s

Heyyahlomis

dpberopostorieor dismeler from fuber

sosterier border of glenold cawity. . &8 Pl

Treneyerse dlameter soress glencld
{:&%‘E‘Mﬂ‘;*?$ N R RS RS R I I

Enteroposterier dlmmeter acvoss
g;:i@%:%%ﬁ {g%@i%gae~ammwap«»»ne@uﬁ&s&vm*azvgw a4

40 A%

255
b
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single, not deuble as in Jguus. Decondly, the anterior pertion of

the laters) tubsrosity 1o sirongly preduced w6 as Lo ourve medislily.

s bleinital proowe. 4 large funer tubsrosity sxtends

nostoriorly towsrd the srbiculay surface of the head. The

the servespandivg

g»r@

festure in Souss, the deliold »idge 1la loconspliouous and looalized,
having no orests extonding osub Frew 1%, The laterzl condyleld srest
i poderstely develoved. The covenold fosse 1w not so desp as in

medisl candyle ia L

ze g bevers from the wedlsl horlar

ey,
toward the syosovial foszs. The latersy condyle i wuch sealler then

the medial one. Hedislly, the latersl cond

lov, rournded ridge. The laberal portlion af the latery

eviindriesl voabther then conienl on 8% earing surfac

L4

1 lake

B BE B onon B B P o e
wm ffebel exdwead ié;g* & PG BoTe

Fd k-
Bt B

sed, appearanss of obliquity %

: 4n which the

Fers From that of Jguus, & strong simdlarity is

of » Hecenlt articdabtyl mush az the on.

In the later swolution of the horses frow the meryshlpoias stodk

&

there has developed in the hunsrus o double bielpltal gweoye wlith
tion of & medlasn convexity (Dsbern 1920, p. 784: Deobt 1868, ». 10L).

v surved and overhanging propinense of the anterier rnovition of the

has boen sublusd and finally lost. The delteid »ides

and 1ts scoompanylsg proxinal snd 4lelel crests hoye bocons strongly

doveloped.
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Only the distsl ends of seversl bumeri of Hypohiyp

available in the Tonopah collesctions. These differ from the meryehippine
type and spproximate clesely in form that displayed by Eguus. The
lateral condylold crest is falrly well developed. The medisl condyle
does not taper so strongly as 1t does in Merychipous, yet it is net

quite 8o gently tapering as it is in Zguus. The latersl condyle is
marked by & proncunced shallew groove and is coniecsl, increasing in

- p % ey . % p
diamster toward the lateral border2 e in Hguus. The distel extrenity

o ]
g

touues in heving & rounded border

e Bl <

of the hnmeras differs Trom that of

at the medisn side of the medial condyle, whersss in Zgquus the bearing

45

surface of the medisn condyle is separsied from the median berder by
a very sharp sngular braslk.
Measurements (in nillimeters) of humeras

Hroohippus

Total length 223
Smallest dismeter of shafi:
sateronoaterior 2%
irangsverse P
Transverse diameter, prozimal end 62
Trangverse dismeter, distal end 56 By

Badinz.~ The mmersl ardloulzr murfoce a7 well sz the distal

Heyyehippus differs from that of Iguus in bein,
&

propertionally narrower trassverssly. The saglttsl ridge of the
prozimal sand is a 1little mere pronounced than it is in Zguus., The
darsal surface of the shaft is strongly ourved bub the volar surfece

is flat.



Mesenrements (in nillimeters) of radins

Yotal length 227 268 ap
Frozimal end, sanleroposterier dlameter 7.0 BE.B
Froximal ané@ transyverse dlsmelder 47.5 59.0
HMetsl end, saberoposterior dismeter 27.0 E2.0
Dietal end, traneverse dismeter 44,5 48.5
Harrewest vart of shaft,

sateronssterior dianstsy 18

Haryawast pard of shaft, trepsverze dlamoter 28

an, approximate measursment.

Ulns.~ Only fragments of the nroximel end of the ulne are
vreserved. The styuctural charscters of the proximal end are similay
to thowes in the corresponding vortions of the ulna in Zguus.

Sarous.~ The scaphold does not differ markedly from that of
Zgqaus. In the merychippine form this element has rounder articular

gurfaces and more aonosvs bovders, The lunsy resembles that of

vory ¢losely. The prozimsl articulsr surfaces of the cuneiform ar

letively farther spart than in Bguus. These surfaces are always
Adstinet from esch sther with o non~arbiculsr avea bebwesn them. The
snterior vroximal sriiculsy surfacs and the dlatsl articular surfnge

ars relatively narrower then those of Zguus. The pisiform is longer
sntervoposteriorly than in Bouus. It has two distinet surfaces for
articulation with the cumelifeorm and one surface vhich articulastes with
the ulnar portion of the fore-leg bome. “he trsperium was not preserved.
The traperoid is & wedge-shaped bone with less srticulating surfeoe than
B

that of fgups. It never has & nosterlor fscet for articulation with the

magmyn. 1% may or may not bear s posterior facaet for articulation with

the trapzium. The magnwe is wuch narvewer traneversely than the
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artiocular surface of mebecarepal III is strong vosteriorly, but wesk

to todally ebsent on the anterier surfses. Iun &

strong all the way around.

z”i

@
7
§L

e latersl metasarpals I and IV are welledeveloped in both
Heryohinpus and Hypohipous. “he hypohivpiue side wmetacerpals are readily
distinguished from the more siender merychipnine forme by their

msssivensss. In both gcenera mets al II Bears a faced Tor srticulstion

"

8t the frepexium. On

garrise o smell fasel !

amall fosed and narallel ts the nain sz
flat, elightly roushened ares soainst which lay metacarpal V,

Yeasurements {in millimeters)

Lyrnehinons
Hetacarpal i1 T 111 v
Leagth 183 177 egt 192 173 est
Proziwal snd AP iz 13 pers 15
Prozim & iz 28 13

Distal ¥ﬁﬁ AP 18

X

18 22 18

% 7 11 2%.5 11
ng of AP 7 14 8 12 16 12.85
Ty & 18 4 8 pred &

est, estinmated measurement.

AP, anterornosievior dimmsher

T %?&ﬂﬁ?@?“ﬁ dizmeter.

Hobetr Thas suremonts we e on nounted
gpecimens. All aporoximations sre aﬁntralleé by manaﬁraman%ﬂ of unmounted
speoimens of the same genersl sisze.

P

{1} Heryeriprine mesbacnrpal

1B mm., znd sveragss uh 180 mme lowg. Heuncs, $his mounted spedimen

is wuch smaller than sversge for the Tonopah colleciion,
(2} Hypohipnine metasarpal III varies in length from 183 to 182 mam.,

gnd sversges 186 mm, The mounted specimen 1s therefore larger than averags.
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Pelvis.~ The acetabulum is the only part of the pelvic girdle
which has been pressrved. The merychippine acetabulum appeare to
resemble clesely that of Zguus. A single hypohippine acetabulum appears
to be deeper and more nearly hemispherical than the others.

Measurements (in millimeters) of acetabulum

Heryehippus Hypohipprus
Antercposterior dlsmeler 42,0 46.5

Transverse dlamster 33.0 46,8

Fermr.~ Ho complete femora are pressrved in the collection.
The proximsl and distsl ends of the Temur of Meryehivnus closely
resemble those of Zguus. The shaft of the femur iz proportionstely mors
slender than that of Zouus, but the lesser trochanter and the thix
trochanter are well developed.

A distal end of & Bypohippus femur displays & btrochles
proporiionatsly much narrower than that of Zguus. The latersl condyle
of the fewur in Hypohinpus is much larger than the madisl sondyle,
whereas in Zouus the lateral condyle is¢ only slightly ilarger.

Soasurenmenis (in nilllimsters) of femup

Hepyehiprus

Length, estivabed 276
Distal end, transverse diameler 61.5 785

iivia.~ Yke tidvis of Merychippus closely resembles that of

Yguus throughout. f%he shaft le slightly larger than that of Zouus in

he extremities. The artienlsr grooves of

r desper and eharper in the $idias of Merychivpus.




The distal end of 2 hypohippine $ibis resembles that of Zouus
in every festure excent in » provortionsiely broasder intermediate »idge
sn the srilenlsy surface.

Hessurements Lin millimeters) of $ibis

Length
Pietal end, Ltransverse diameier

Hypeninous resenble the

knes-csp of Jouus, except that the bass s slightly more prodused and

the medisl angle iz less produced.

rabhar

that of = siwsare as in Sguus.
Yoasuremsnie (in willimeters) of patells

Anberonosterior dlomstar 28
Trensveres dleneler 45

Prozipel-distal diswster

Targug.~ & deep, nsrvew groove hovdered by asvrow, high ridges
charsoterizes the frochles of & meyyenlywine sstrogalue in which respect

the prineipal slemeni of the tarsus resembles that in Zguus. The
hypohipopine zetrsgalus, in contrast, bas s trochlsa with broszd, shsllow
groove bounded by low, wide ridges. Uhs mevychivpine astragalus further
resembles that of Hguus in having on the navicular favet s welledefined
non-articulsar depression. %his non-ariicular depreesion is elther

pourly reprosenied or entirely sbsent in the hypohippine ssiragalus.
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in the merychipnine caleansum, znd o a lesser extent in the
bypohiprine, there is s deeper groove between the tuber caleis
{proximel vart ¢f the body) and the sustentaculum $2li (medial vrosese)
than in Eguus. The artleoular facebt for the cubold is slightly more

steeply inclined upward and backward than the corresponding Tacet in

The astragalar facet of the navicular has g shallew non-
articular depression is the merychippine form and no depresaion in the
hypobiprine. Only one specimen in more than 80 naviculars of Herychippus
has a surface Tor artieulation with the saleeneum. This articulation
socurs commonly in Xgupgs. On the distal surfoce there is no non~
asrticulsr groove separating the twe gurfaces of sriiculstion for ihe
sctocuneiforn. Iikewiss on the distal surface there iz no noa~articular

groove between the eclto- and meso-cunciform surfaces. Both of these

grooves are commonly found in naviculars of Nguus. Finally, in Merychipous
the snte-mesccuneiforn surfa@& ig continuows and vounded, not broken by an
zagle as in Zguns. The fused emlo-mesocunsiferm form bone in Hypohipous
differs 1itile from that of Hguus.

In only 3 oult of 42 merychippine ecbo-cunsifors bones dees the
non-ariioular groove completely eross the proximsl surfsce. The disial
non=articalar groove may vary in shape, but is never largs as in Zguus.

Both of these non-articular grooves zre far less developed in Hypohipous

than in Herychippus. The proximsl pesterlor articulation fer the cuboid
sppesrs to make a falrly constant angle with the proximsl posterlior

articulation for the maevicular for any given type of horse, Ilarge series
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bo the owval outline in Bouwus. While s facel for the avticulation of the

mosgouneiforn is slways present in mebabarsal III of Bgquus, im Meryehiprus

the faced appears in only 2 oub of morve than 70 speclamens. On the othey
hand, this mesoguneifors Faced sesus to be constantly present on 21l
seven well-preserved hypohippine third metsbarsals. In both Meryehippus

sobivous the 4istal keel, though prominent on the posterior surfase,

dies away on the anterior surface. The transverse dlameter of the distal

end of mebtatarsal III is relatively nuch grester in Hypohippus than in

The lateral metataresls I1 end IV are welledsveloped in both

binvus and Hypehipvus. The merychlippine side toes are much move

slender than the hypohlpnins, especially near the distal end. Uhe
proxizal end of metatarsel IV ie very meselve in both Yovms, and is

characterized on the posterier side by a large sloving surface for the

atbachwment of Lligsments.
Heasurements (in willimeters)

Hetabarsal i3
hength 170 183 171 200 gl? ﬂg
Proxinal end AP 15 24 20 18 27 26
Prozisal end Ty é 26 b 1 22 1z
Distal end AP 14 iz 14 22 24 b
Hlatal end Ty & 25 7 iz 33 i
Lenat dimensions of &P & 16 B iz i iB

shall Ty 2.5 18 & 5 24 B

AF, smieronosterioer dlanmetey,

Tr, transverse diameler.

Bater These measurenenis were mads on mounted
specimens. All spproximsiions wers controlled by measurements on
uaneunted epecimens of the same general slaze



(1) Wewychippine metatarssl 111 warles in length betweon
182 and 216 mm., and sverages 202 mm. Hemce, this mounted specismen,
almest the spallest in the eollention, is sueh smasller than ths
BVETAEe.

(2) Hyponippine metatarsal III veries in lengih botwean
2312 and 221 mm., and gverages 216 wmw., This mounted specimen {9 &

litile larger than average.
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e Lthe variation

Wy the squlds in the collection, the nhals

Hinee nd

VTN

zpge of Both %

an hoonmes

the grocve is

merychippine ssoond phalany is longey and more
£ ¥

of ZHguus. Proporiionally, the second phalsnx of

s lengbh and breadth, but fslls sghori
this eguine form in thickness of the distal end.

The third or unsual rhalas § Mepyohipous tends bto be more

slender and pointed then thal Both are longsr and

Sl

narrower than the third vhalanz of Hguus. In the Popopsh forms the arstioulsr
gurface conitlinuss out toward the wings to mske a Delleshaped pattern, as

gompared to the semicircular shape of the srticular surface in the ungusl
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ey are in Douus.

A wellwmaried tersingl cleft characboyiz

mﬁrgﬁhig)ua and lyponipous. The aagle

ground pluae sad the snderier slope of the phalenx rangss from 23° %o

850 in the Miceenme Torms in contrast o approximstely 509 fn Touus.

The proximsl sessmoids differ 1ittle in sige fron those

of Zguus. He distal sesamolds were found in the enbive eollsction.

Heasuremenss (in nillimeters) of Digit III

rychippus

Ez:_;

2 Ty Pn
Foalsnz I 42 43

Proximal end 22,5 30 28 36
Distal end L E 15
Laanst dizmeter of shaft 11.56 20 12,8  27.5

Phelanx 11 20 x4

Froximsl end iy 3 2% 35
Distsl end i 26 17.5 33
Least diameter of shaft 13.5 225 ié 28

Phalaax 111 37 37

7
e

; e ey B
‘%3. i dite &’

AP, anteroposterior dismster.

Tr, iransverss diameter.

P, proximsl~-distal dizmeter

Botet These nmessurementis were made on individual
specimens in the collection snd vepresend sversge sized adulss.

Digite I and IV.- The lateral phalanges are small and more

variable in size than those of digit I. The hypohipnine first phelanx

le deeper proximally, much brosder throughout, and 8lightly lenger than

that of Meryehipous. The secornd phalanx of Hypohinvus is longer and

slightly larger tham that of Merychippus. Fo lateral ungual phelanges

are included in %the esllection.
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BUINCCEROTIDAR

Thig fanily of the Perissodsctyls 18 represented in the Toneopah
fauna by relatively few spocimens. The only welleprescrved moterial cone
sists of first premolars followsd by milk-teeth in both upper and lower
dentitions, along »ith o Tew ekeledsl clements. Based uwpon the teath,

a population count of the rhinscerotids in the sollection Botals three

individusnle, one adult and

Hoo 2808, snd 2 porticon of the left mandl

men 2806 includes su unworn I} and the sli

the teeill are 1n good condition oxgent

anterior end of DmZ which hes !

lowey dentition which corresn: b oof the btyne m

an wnworn FT oand slightly worn Dme - DmE. ALl ars in gz

- Lwrn Ford

OO (R o T
gproent IS,

Y oy g sone g o o
Trom the parilleory,. of th

seme Ludiviiusl.
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Beferred makerial.--Dm2 and Dad Wo. 762; part of & rams,
¥o. 2808, bearing Dm2 and Dmd; & remus, No. 2809, with DmB - Dnd
tibia, fibule, cslceneun, twe astrvagali, 3 lsteral metapodials snd o
phalanx, |

getara.-~PL, large, only slightly reduced,

bearing an internal erest and three Yraseverse oristae. Uoper declduous
molars with several oristas always present, very strong orochet and

moderate Lo strong sntecrochet, union of crechet aud orista ceourring

ﬁ%ﬁ%ﬁﬁ%ﬁiévh@ﬁé&ﬁﬁié valley. Idwhs and feet normally proportioned as

in modern rhinoceroses, not shortened ss in Teleoseras

ble.~~The young mendibdle, Wos. 2807 and 2809, i quite

slender snd posgesses very 1ittle depth. Much of this lavk of depth

may be sseribed %o the youth of the individusl, but the charscter re

flects in part o customary shallowness of jew in jAphelove.
Mepsurements {in willimeters) of mendible He. 2809

Depth of inner side ngrmal to slveolar border,
p@%‘gﬁ‘ﬂﬂ? tg} %‘% ” * L2 #* *. . *® w * * » * . » B L3 » * ﬁxﬁ

Helght from lowey border of angle %o condyle. . . . . . . 148

Upper den »~=FL {1) 48 a smell tooth with very simple

tibion

arows @aaaiatimg of an outer crest along the length of the tooth snd s
parallel inner grest whieh is resiricited to the posterior portion of

the tooth. Three oristse run transverse to these creshbs.

{1} Bince the orown is nob yet fully erupbed and the Fellowing milk
molars show conslderable wenr, the toeth is coneidered a Fl. Bee
Metthew 1932, Hote on p. 425,




A ia?@@ suberior orvists and & meall interwedliates erisis ariss f@@%
the externsl orest, while the swell vpeslerier erista srizinstes os
the internal ecrest.

In2, & molarifers teoth, is more elongate thaun the posterier

fdeoldunus teeth. The anderler border of the tooth 4w 4l

§
%@
i
4

urved, ziving the booth an almesd trisngular subline. The suber

wall of the tooth 18 convez externslily, and smooth sxcent for a low

ity

Pold} external te the varacons. The

pomaing #e from the pof

wapy 48 ropched,

ey

from the edboloph. There is ne

sviging Trow the protelonhi the prefossetite

ve wetaloph 18 sonnseted with the sololes

& wory sbrong oroched which Jolsne the pusterior criste from ke

is

5

wntire anteviar, il

‘@’x‘}%‘“'g f"

nal berder of the fonth iz the proboconsw-

by, y e s
Pug ie widey b - B ey wnd mire

& 5 i g 5 5 s . 2 £y . ’
The parsstyle fold iz such laresy than in
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so grestly produced snteriorly. The protelenh is firsly Joinsd %o

and bears a wully, rounded, but short antesvechet. The

metalovh, 21ightly swelley than the protelonh, fs fimly jof

sotoloph by the posburior eviela. 4 long relobively

foldn foruard from the metalonh. 4 unlon bebtwesn the orochet

ef the Ywo median cvistne feom the eoteloph i2 not

?‘:

Susl enevging.

iy L

slmondegh
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ot the ezternsl wall




% and B&:i; both relatively long-crowned, consist of 4wo
lophs srrenged as in typical rhinocerstids. The only ancmaly is a small

internal cusp which lies in the posterior valley of Dmd.



ﬁ@war Hanti%ian 2806
Length of series Pl ~ Imd - 154
Tength of sories DnJ - Dmd 138

Pl, antoreposterior iamoter 27.0
Pl, itremsverse diametler 21.8
Pl, crown height 28 zp
%mgg anteroposterior dlenmeter 46.0
Dn2, transverse dlamatoer 43.0
Im2, erown helght : 24.5
Bmd, antroposterior diameter 48.0
Dm3, trensverse diameter 47.0
Dmds orown helght 28.0
Im4, enteroposterier dlsmeler 54,0
Dud, transverse dismeter 62.8
Dmé, crown helght 8.0
Loway Dentitien 2807
Length of series ?1 - ﬁwé 1588
Length of sories TS = Dod 123

Pl, anteroposterior diameter 16 g8t
Fl, transverse dismeter 8 get
?X& erown hieght 22 ap
Dm2, anteroposterioy diameter 35 ap
UmZ, Lrensverse dismeter 17.8
a2, crown helght 2RO
3, smbervopostericr diameber 47.0
Dn3, transverse dilsmetey 220
Dmd, erewn helght 26.0
Dnd, sateroposterior dismeter 46,0
Dmd, bransverse dismeter 2B.2
Dmd, crown height 24,0

137

Hessuremente (1n millimeters)

£ps spprozimale messurement.
#st, sstimoted wmessurement.

o5

782

2808

38

igwu
27.0
45,5
2.0
32.0
48.0
24.0
7.0 est

$&1 messurements ave winlmum oversll dlemeters.
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Scapulag.--The macgive gospuls bears no acromion, The
tubser i large and rugose with a short heavy corscold process.
Measurements (in millimeters) of scapula Ho. 2811

Anteroposterior dismetey from tuber to posierior

border of glenold cavily 125
Trangverse diazmeter scross glenold caviiy 69
bnterovosterioy dlameter scross glenold gevity 8

Tibis snd fibula.--The thick-set tibia differs little
from the charscteristic rhinocerotid formm. Only the extremities of
the fibule are preserved. The tiblal facet of the dletal extremity
mokes a very obtuse angle {approz. 148%) with the zatragalar facel,
in ss#trast t6 & presumably wore acute angle on the teleocerine form.

Heasurements (in willimstors) of tidia Ho. L3O

Length 400
Metal end, itrausverse dismeisr 101
Letragalus.--The trochlear surface wideh is long snteroe-

posteriorly has s cherscteristic deep and Lroad groove. The filmlar
foeet iz almost vertical, The axievnal calecanenr faceb preseants s
strongly econcave and convex surfece and L8 separuied from the internsl
anlesnorl facet by & deep nonarticulsr groove. The internal caleansal
facet i rounded in outline. ©The naviculsr fucet 18 prelatively short
autaronosteriorly. %he cuboild facel mukes a low angle with the navie

enlar facet and ig long, narrow snd dizgonsl in position. The posterior
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reglon of tha line of junctlon between cubold and naviculay facste
bears a dietally projecting prominence.

Caleaneun.--4 short tuber caleis and e large astragalar
faoet whioh eurves up onto the anterior side of the cochlear process
characterize the calcspeum. The outline of the satragalar faoet on
the sustentaculum t2li 1s rounded. The surface for artfcnlation with
the cubold is strongly concave.

Meamurements (in millimeters)

782 AP Tr Pn
Astragalus 54 20 78
faleaneun 7o 86 e |

AP, anteropostorier dismeter
Tr, transvervss dlameter
B, proximo-dlatal diameter
Subold.-«~The most striking festure of the cuboid is the
extremely large size of the tuberosity for the plantar ligsment.
Hetspodisle,--Three metapodiale in the colloction mppear
to represent metatarsal II (2 specimens) and metatarsal IV {1 epecimen).
These metatarszls are relstively long, slesnder, smooth, and strongly
kealed diatelly,
Phalanx, -4 single gide-toe phalsnx I, thoush shert, apnears
te be relstively novrow and high,

Yenaurements {in nlllimcters)

Hetatareal 2810 ii iv
Length 142 ~ 162 141,
Froximal and AP 38 40
Provine)l eng Tr 50 43
Digtal end AP 40 41
Pletal eng T 21 21
Lenct dimenaion of shafi
AP 21 oo

P 2% 26
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2812 length Proximal end Distal end
Digit I o IV AP By AP e
Phalanx 1 37 37 37 b 29

AP, pnteronpsterior dlameter.
Py, transverse dismeter,

Relationshing.--The affinities of Anhelons? gristalatus

clearly 1lie with prhelops and Peraceras rather then with Zelecceras.
In ahsence of zdeguste siull material, however, the genmeric status of
the Tonopab rhinoceros must remsin tealative.

#phelops malacorhinug Cope {Cope snd Matthew 1915, pl. 141)
compares closely with 4.7 eristelatus om the broader points of size,
tooth-pattern, strong crochet and wesk antecrechet. A. malecorhinus
differs in having no eristee, znd hence no union of crochet end orista
to fore a medifonsetts,

Avhelops mutilug Matthew (1924 and 1932) is considered a
prograssive mubadion of A, melacorhinus. A, mytilus aversges somewhat
larger than 4.1 cristelstus in length of premolar tooth-row snd in trange
verse dlameter of the tceth. The latter difference may be due in large
part to the fact that the comparison is maie hetween permanent teeth
of one species and deciduocus of the other. The teeth of 1,7 cristalatue
are far more cristste than thoge of A. putilus, This agein may be &

normal difference betwesn milk and permenent teeth. PL of 4,7 criastalatus,

however, is distingauished by z long externnl cres$, a nmoderstely long
inner crest, and three transverss oristse., Pl of 4, mutilug and all
ether comparable rhinogerotids bear twe internal cusps, of which the
larger ia postarior, rather than a single leng crest. Transverse cristne

are gingle or absent,
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In view of these similarities and differences, A

gristalatus, progressive in tooth-pattern but primitive in retaining
1
well-developed ﬁ;: is regarded ae an offshoot of the line which gave

rise to A. mslscorhimus from the Republican Eiver bed (exact fauma

not kmown, Stirton 1936, p. 188) and to 4. mubil

8 from the Coffee
Raneh Quarry aud from Higplae Quarry 4 of Tezas.

Aohelops geratorhinue

Douglaes (1903) differs from 4.1

srigtaletus in smaller elze and in sheence of anteerochets and crisiae.

ipbelons megaledus (Cope 187%; Cope and Matthew 1915) from

Pawnse Creck 18 much smaller snd distinetly wors primitive in a1l

138 Booth charvastbors.

dianus (Leidy) and material from New Mexico
assigned to the species by Cope {1877, vp. Z17-319, pls. 72 and 74),
s likewice a swall sud prinitive formn.

Until Anhelops jemes

nag Cope {1877, pl. 73} ie represented
by better and more abundant material 4% will be imvossible to deter-
mine any bat its broadest relatlonships. MHo satisfactory eowmarison

can be wmade between A.

dsmesanys and Al orlstalatus.

An wpper milk melar from the Valley of the Niobrava River
was described and illustrated by Leidy (1888, ». 20y 1869, »l. 23,
figs. % and 5). The tooth resembles Dm3 (C.1.7. Wo. 2806) very close-
ly in pattern., The Hiobrara River tooth is of indeterminate zomus
and species (Matthew 1918, p. 207, withoul any specific reasong refers

the tooth to T, fossiger.)
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Avhelons sp. Matthew (1918, fig. 13, A4, 17222), conslste
ing of Pl - Imd represents a form which is much smaller with simpler
tooth-pattern than that from Tonopsh. The inner crest of so-galled
Dml (probably P1), consiste of twe rudimentary cusps rather than an
elongate crest. He cristae are present, hence in no tooth of the
series doss the crochet uaite with a crista to form s medifossetite.

4 not far dietant ancesior of Aphelops? gristalatus mey have resembled
this (Lower?) Snalte Creek Avhelops sp. very closely,

Aw Matthew has conclusively dememstrated (Matthew 1932,
vo. 433-435, ) Yamong the Old World Rhinocerotidae the group of
species assembled by Ringstirom under Chiloptherium melte the nearsst
approach 10 the American Avhelops." 4n tllustration of the milk
dentition of Uhilotherium anderszoni Ringstrom (1924, »i. 3) smphe-
sizes the similarity between this Asistic rhinoceretid of the Hip-
parion fauna and the American fphelops? cristalatus. The milk-teeth
of Chiletherium snderssoni are of same length as those of the Tononah
form, but they are nerrower transversely and are progressively higher
crowmed from FL through Dm2 te Dpd. The outer crest and three Lrang=-
verse cristae of Pl resemble Al cristalotus in form, but the metaloph
is 2 conlcal cusp as in all wpecles of Anhelops except A cristalstus.
In each of the milk wolurs, Tm2 to Dm4, the main medial crista ie
well-developed, but there are no minor cristse sush as spvovear in

At eristalatun, The antecrochet amd the posterier portion of the
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clngulum are more sirongly developed in Chilotherium then ian Aphelops.

In the lower jow, Pl is o neg=like tooth which is absent in most cones
in contrast 30 the relatively welledeveloped Pl of 4% cristalatus.

Dms e Dnd are almest identicel with the corresponding testh of the
Tononah species, except that there iz a strong protoconid=hynoconid
valley in,ﬁég, a feature which is characteristically absent in 45

gristadatus.

On the basis of dentition sions the following relation-

sitips seem indicated?

fphelons mutllus
Patiern comnlex (3)
Fl redueced, sisple
FI lost

Chilotheriun snderssont »

Pattern moderstely eomplex {2}

Pl veduesd, slightly :
- cristate
¥l strongly reduced

hphelons? griestalatus
Pattern very comnlex (4)
Pl slightly reduced,
- sristate
Pl slightly reduged

irhelons megnlodus
Pattern simmle (1)
Pl relstively well-develoned

P1 unkaown
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{1} Simple: No srista: no crochet; weslk sntecrochet.

{2) Moderately complex: (Orists present or sbsenty
sirong crocheli meoderate te stromg snbecrochety

- oocasional union of crochet amd criste on premolars.

(3} Complex: Orista always present; strong crochet;
moderate to strong anbtecrocheti union of crochet
and orists on premolars almost always.

(4) Very complex: Seversl cristae always present) very
strong crochet; moderate %o stromg antecrochet;
union of crochet and crista on premclars almost
always.

4n astragalus, U.C. Ho. 19824, from the Rameralda can be

agsigned qnestionably to Aphelaps.

Some fragmentary teeth from High Hoek CUanyon, U.0. ¥e, 11619,
suggest that thelr erown patiern was eristate when unwora. This noter-
ial, though slightly lawgﬁr; i# somparable in size to C.I.7. ¥o. 2807,
Sines the High Hock ﬁamyﬁﬁ_ﬁaﬁériai reprasents adulds, howover, a

dirsct comparison with the youthful A7 grist

atus is almost neaningless.
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The family i® ggeingly represented in the Tomopah
fauna. A fairly well-preserved palate and a #inzle partial vamus
with P2 - ﬁﬁ‘pﬁﬂviﬁa the anly'mééﬁwa&aiy gomplete dentitions in
the gollection. %The remainder of the collectlon consists of max~
tllary and mendibular fraguents, isolated teeth, sn axis, & few
sopplete limb bones, wany carpsls, tsrsuls, and phalanges, a few
netatarsale but no complete melecarpals, and an sbundencs of morve
frageentary skeletal material,

dn estimate based upon the occurrvence of astragell and
teeth indioates that ﬁhﬁ‘fﬁuﬁ&‘aeﬁ%&iﬂ@é a8 o mindsum populabion

8% lesst elght cemelids, two young and six adulta,

Altiecomelus? stocki n. ep.

plete (except both P2'e brokem off), left C. righd 13, both IZ's

geimen, ~~i palate with FL « M3 of both sides come-

and the alveolil far heth igﬁﬁg G 1.0, Ho. 31434, & vowus with
P3 - M3 complete, O.I.%., No. 2819.

Referzed

1,-=8 palate €.1.7. Ho. 764, symphysesl

No. 2821, Dm% and

4

o

section of jaw Ne. 2820, milk testh Dng and Do
Dud No. 2822, ulnoradii ¥os. 2823 and 2824, tidie No. 2825, meta-
tarst Hos. 2826 and 2827, and all {except perhaps the very largest)

samelid cavpals, btarsals and phelanges in the Tonopeh collection.

Spegific characters.--I1 and I2 retained in fully adull

individual., Premolars slightly move reduced than in other species
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Linmb bones large and long, but proporilonslly not

guite 80 long as in other alticamelids. T talte pleasure in neming
this species for Ur. Chester Stock,

Blull,~~In the bestepreserved palate, C,1.%. Ho. 1434,
the posterior pelatine forsmen liecs Just medisl to the widdle of P3I.
This poctiion is more materior than obssrved for the foramen in the
scoond pvalete, No. 764. 'The relative shordnsss of &1l of thse
dizctenata constitubes an lmporiant disgnostle character.

Heagurements (in millimeters) of diastemzia

1404 64
lﬁ - {3 1105 18:@
pL - P 12.0 18.0

Mandible.-~%The manibular material is too fragmentary Yo
display any important cheracters., £ large mental foramen lies
helow ﬁi, while a sscond and smaller foramen 1s situated betwecn
P4 gnd MI.

Measurenents {in millimeters} of mandible

- 2819
Depth of nandivlc helow Wl 4}
Width of mandible balow M1 23
Dlastenn I3 « § 15
Diastema © = P1_ 19
Dizstome Pl - P23 18 gt

ast, estinated measuremsnt.

Upper dentition.~~There is a deep conical alveolus for
a moderately large I1 which projects anterolateraliy. I3 is some-
vhat smoller then the first incisor and the crown is perhaps non-
funetional. The toeth curves inward. I3 i3 large, strong and

caniniform. The recurved ceninme bulks spvroximately as large as
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I3. Ceniniform Pl is a litile more reocurved thsn the coniuns and
‘has 2 sherber crown, bub iis single root i® jJusi as massive as
that of the canine.

The long, marrow apd denble-routed F2 is relstively large
and bears olngulum-like ridges on the internal wall ab either end
of the teoth. PZ &z similar to P2, but the internmal videe s de-
veloved along the whole intermal wall of the tooth 85 that 1% closes
off & lomg narvew fossekte. In P4 the intermal wall reaches full
&mv@imgm@nt, being thiock and strongly oenvexr linguwally. The pro-
malars do not appsar to be greatly veduced.

The molar teeth ave lorge, slmple snd typically comelid
with thelyr moderately high crowns (26 sm. on external side of an
unworn tooth G.1.%. Ho. 2831, messured from voot to highesi poind
in intercousp valley), ?éry strong styles and stromg fold on the

external enamel =all.

Lon. ~-The three strongly procumbent lower
incigore avrs ép&%&iahﬁ when uaworn. The laveze canine and single-
rooted E’% Both caniniform, sporovimate esch other 1n slze.

P2 4 slenday, slmple, moderstely large and deunble-rooted.
Its anterior portion dose not tritursie with sny wpper beoth. ﬁ%
end ¥4 ave relabively 1ittle reduced. The molars may be deseribed
a8 large, siople and woderately high-crowned.

Milk dentition.w-Dud fg submolariform with a strong aterisr
style, s narrow snbtertor arescent, and a posierior erescent. Imd is

3lightly highey crowmed than Im3. It is completsly melarifom



although smaller and lower crowsed than the true molars.

Dm3 18 & long and very slemder tooth chavacterived

by two deep iufelds in iis external well, one iz ite exlersal wall

and a swall eaclosed posterier fossetie.

Dd with 168 three crese

cents is long, slender and enly moderately highmcrowned.

Measurenents {in millimeters)

Upper dentition (ses note)

Length of series P2

- W3

Length of series 2@ P%
Length of series Ml - %&

13,

o ¥

anberoposterioy dianmater
anteroposterior dlaneter
transverse dismeter
ankeroposterior diameter
rongverse diameter
suberoposterior diameter

. transvervse dlsmeler
. anteroposterier diameter

braggvarss Alaweler
anberoposterior dlensiey

- brangverse diasneter

anteroposterior dlameter
transvorse dlameley
snteroposterior dlansley

. bransverse dismeter
» amteronosieriar dianeier

trapaverse dlsueiey

1434
148
51

g6

20 epproximete measurement.

Lower dentildion h),
Length of series Eg Eﬁ

Length of serles P2

- ?%

%gng%k of servies Wl - 33

ﬁgﬂ
P2,

P2,

sateropostarioy diametey
transverse diameter
antereposterior diameter
trangverse diameter

- anteropesterior diameter

brangveres digmeter
snberoposterier dianeter
transverse digmeier
snteroposterior dismeter
sransverse dlsmeteoy
suberoposterior dismeter
$rensvarss dlmmeler
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Measurements {iun millimeters)

pper wilk dentition 2821

M3, anteroposterior diameter 25.0
InZ, traneverse dismeter 13.0
4, anteroposterior diameter 4.0
Dmd, tranaverse dismeter : 14.0
Lowey nilk dentition 2822

w3, anteroposierior diameter 7.0
Dmi, transverse diameter 7.3
Dmg, anteroposterior dismeter 33.0
Umd, transverss dlemetoy 0.5

Hote.~~All measurements are made =oproximstely at
gonring surface of tosth. In meaasuring anleroposs=
tarior diametere of molare snd milk wmolars, the
parastyle was not included. Ho. 1454 (upper den=
tition) represents a fully sdult comelid, in which
snterior cregoentic infold of Ml hus slresdy pare
tially disaopeared with wear. Ho. 2818 {lower dene
tition) is so worn that sntevior cresceat infold
has disappearsd in Ml end is aimost completely worn
away in ¥2. %The nilk dentitions, Doth upper and
lower, are 1ittle wom.

Fealotal nords.~=In relation to the size of the dentitlon
the skeletal naris in the czmelld vollection spvesy inordinately
large. Yot sincs bub one type of camalid 13 found in the Tauns,
thegse dentitions sud skeletal purbs are vresumed to be of the ssme
species.

Axis.-~he second cervical verisdra though large {8 not
pariicalsrly elongated for & camel of this size. The odontoid oroe
sess ila spout-iike.,

Mezsuremsate (in millimstere) of sxis -
H83

Liength of centrum 200
Yransverse dlemeter at anterior end 73



150

g.~~Fhe radius znd nlne are as fimmly fused

together as in Becent Lome. Uwe examples of this bone are pre-

gerved in the colleatlion, one modevstely large, presusshly & young

animal, the other » very large adult.

Hesnsurements {in millimeters) of radius

2823
Total length 448
Proximel end, braneverse dismoter 67
Distal end, anteroposterior diameter 47
Pisbal end, Ltroaeverze diowebor B85

Sgrvus.~-The carpal elemenbs dlffer little from those of

Recent Lama, except in thelr somevhat larger size.

Although the

gize of the caypals wverles somevhat, there do notd appeay fo be

any distinetive characters by which the olements ecen Yo segregsbed,

Hessurements (1o millimetars) of curpals

Ap
Baaphoid 58
Imnary 38
Guned forn 40
Piaifove i
Trapegoid 22
Hagvam 33
Uneiforn 48

AP, anberoposterier dlameter,
e, bronsyerge diswsber,
D, preximaledietsl dianesber.

W
22
bt
24
Lt s
16
24
26

D
30
34
33
38
21
19
28

Hots.»=ALl memsurements are minimum overall diemeters.
The series which wes messured ie relatively only modser-

ately large.

Hetueay

g, -~Ho complete mebacarpel elements secur in

the collection, The proximal end of s large cannon~bone corresponds

in size with ¢he lavge esrpals and the lerze ulnoredius.

Thie lavge

metacayous 48 strongly fused as in 2m adult. A pair of emaller
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Heasuremsnte {1a nillimetors) of torsals

&P s foiy:
Astragalus 27 40 &4
ﬁﬁlﬁﬂnﬁﬁ&. 458 &2 80
Havieular e 25 o
Subetd B0 o] 2%
Betoounsifam o8 28 ig

AP, anlsroposterior dlaneter.

e, transverss dlametor.

D, proxipeledistal dlamster.

Hetebarsus.--The nelatarsal bones of o young individesd

demongtrats thet ot filret Musion 12 inecowplete nenr the dledsl
end of the ghafts, FPusion lg compleded 1o an older slightly largey
individuwal. & fow very lerge distel exivenlties of metapodisle cone
stitute some of the materiel whlch nay represent o lareer and 4if-
ferent specles of camelld. In Recent Loms the distal onds of the
motacarpals are larger than the distal extrenities of the metatare
sals. Hense those large fregments need not necessarily represent
another sndcles, bub mey beleng %o the Tove~fesl of an especislly
large dndividual.

Heasurenonie (in nillineters) of metatarsus

2897 2RO
Potal loneth AAE
Proximal ond, t%&ﬁ@”ﬁ%%@ &iwmﬁiv 51
Matal ond, Lroam
mababarsal, agmgﬂ 28 |
netapodlal, very large 26

?hﬁiagggg,umxa Racent Loms the phalanges of the manus nay

measure a8 much ms ouneeninth {112} lorger in every dimension then
do the ohalspses of the pes. It is $o be noted, hovever, that they

maintain similer proportions in both mamus and pes. Henoe, in a col-
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lsction of fossil camelid phalamges of a given specles there should
ba little wariatlon in proporiions sven though the size range seens
congiderable. On this account a few dispropertionately massive
phalanges may e assoclated with the metspodial matewial to repre=
gent a largoer camelid.

Massurements {in millimeters) of phalanges

Ap By L
Phalaax T (normal spscimen) 96
Proximal ond 8 29
Phalsnz 1T (larze sncolmen) 4
Proximsl end s 59

AP, antcropostorior dlcmeters.
Tre brangyerse dismater,
PR, vroximsl-digtal dismeter,

delationshineg.--4t present the distiactions hotween the

varioue Upper Hiocene-loror Pliocens camslids appenr Lo de very
posrly defined. NMotinew (1901) reviewed tlr bases upoa which these
distinctions ars nwds. In comparing the sﬁruétarai features of the
Tonopah csmelid with Matthew's revised list of generic characters

{1918} the Nevaden tyne 13 Ffound %o 4iffer from ¥lim - end

Megaiylorus in possessing s complete dentitlon. The latter two

3
genara have each bub one ircisor while the premolsr formla iw ® and 2
respectively. [dioinbis is wuch smallow and more primifive.

The Tonopsh Fors differs from Progsmelug in its complete

dentition wlith not guite so much raduction of the premplsrs, The

linmh bones of the Tonopsh camelid are reletliwsly lonzor and largoer.
Protol-bls resemblss Sliicamelas? stockl ouly in the

retention of its uppsr incisovs., It differs dscidedly in its smell,

short limb-bomes and in the sepsrate to imperfscily uwrilted metacsroals.
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According vo Stirten (1929, u. 202} thers ave a numbew
of cherscterve iw which Alticamelus may be dietinguished from Pro-
camelus, The Tonopsh material exbibits the followlng fzatures dinge
nostic of Altigewelust

(1) The premelars are slightly lsss reduced than im
Procamelus.

{2} Pue perastyle, mesosiyle, mnd the saterior sxternal
rih ave moers wrominent.

{2} The diastemata buotween Pl and PQ and between { and
Pl zre relatively short.

{4) “he PI = 37 disstonms {estimated) ia wmuch less.

{8) The cspiniform tseth are heavier than inm Progamelus.
{Tha upper canines in $.1.%. Ho. 1434 :re sbout the size seen in
Progemelus, but 12 and Pl sre lereer. ALl of the cominiform teeth
eye very karge 1n Fo. 754,

{8) e rivet premolors, upror ol lower, show o Hone
dency to develop  double roots.

{7) The imner tide of the lobes of the lgwer molors are
slightly convexr sabtaropostezriorly, ot not muek more so then in
Froconslus.

A1l of the chawvscters listed above apreay 4o he valid,
$ince the Yonopsh eamelid lies in oy nooy bhe alilesmelid group with
respect b0 exch of these charschters, Lt spperently should he referred

A 5

to the genus Mblcoenmelae, However, 1f the sbooenes of the first and

second upper incisors be considered = Aefinite chgrecter of Altilcomwelus,



then No. 14%4 as = fully adult svecimen with complete dentition, can-

ot be of that gemus. In hie description of Alticanelus

;raffin,ﬁ}bﬁ%&§$§ that #the first and aaéﬁﬁa upper incisors

named L.

are represented &y small erownless stumps, pevheps the remaing of the

will dentition.® The first two ineisors in Wo. 1434 ave mush y&ﬁm&a&‘
in #lre 2nd may have nad 1ittle funetion, Mt thelr veduction is not
80 grest ag that deecribed by Matthew and they are probably uod

milk teeth. Motihew {1974, flz. 54) has rofarred o Tigured spocinen,
AJLEH, Hos., 1BEED and 18869, %a.£&§iﬂ&m*iiu ef. leptocolon. The
gpecinmen s undsgorided, ﬁi’”m Tionre showe alvecll for 411 three fn-

alsors, but the specimen night be of the genus Protolabls,

Batios of nrenmclar redustion ﬁgv& heen coloulotaed by

dividing the length of series Ml - 3 by P2 « P4, snd also Ly dividing

e

e

y fand e el , i
length of sorles MI - B2 by P2 = P4, Thess reveal that in all bub
ous dgpecies of Alticsmelus the premolar teeth ars walatively less

reduned than in Nos. 1434 and 2819 from ?& nopzb. The one exception

33

is an Albicamslus vefarred to leptosolon . H. Hog. 18350 and 15069

by Matthew {1918). This ratie does nob ii%ﬁi%gﬁi%h‘ﬁ;ﬁi”ﬁ:ﬁﬁqgﬁ stock

frem Zrotolable and Progamelus.

4 ﬁﬁﬁﬁﬂd ratio wag caleulated o determine the limb pro-
portions of ﬁhm varions Upper Mlocene camelids. Thisg roblio was
dorived By dividine the length of the series ¥ - ¥ into the 1&ng%ﬁ

of the metasarpal. Vhere thege measursments were net available, length
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ML snd HE eud length of metaterssl were used. It must be remembered
that while the uwse of both of those "subetituve" measuvenmsnts pive
approximetely the same ralio, the uss of only sne "substdbuted naly
effect the vatie as much as sevevsl @@ﬁthﬁ of a point. Bhortening
af the tootberow with wear is &%ﬁ%ﬁﬁ?’iﬁﬁ&?%ﬁﬁ& source of errow,

This ?aﬁim»aa%@&ily dovs seh %@&@%‘£h§ alticamelid gra%@vfr@m the

gemera Protolabie snd Procamelus. Protolesbis has 2 much lewer ratio.

Progomelus with its moderately

Phat of Progewelus 1s ¢6ill lower.

%

long 1ilwbe shonld have e higher retie than aval

2ble messurenents
indieste. Although sdfitionsl meterial will probably yield highey
ratios for Provsmelus, these new ratios will undoubbedly romain Alge

tinetly lowey then thoss for Altlcapelus. In limb propostions

Alticemelus? stocki felle nearest te the Adbticemelus group, although

£t can not be definitely included within that group.



Comparative measurements {ia millimeters) =nd ratios

bxis 2006 ‘ 172 BEO
Badins L48=55 A5 03

Hetacsrpus : note)
Botatnrsas 403 8744

1.98
T 3
g i £l g Mus

&@we 3 wwmg b 1)

s vaoorded Tor Alticemeius sp. Ho,
whh % %ﬁ. wm. 48 evidently nobl e bs
A4 wm.  Hence the nelaosypus

oy, wwg smd having o is

0_»3 -l
Sl
vy, G

g, Poid .wﬁm

Be BP. ,?
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drae Davidson (1923) from the Barsiow

Alticsmelue

¥iocens has no I1 and I2. The tooth-row is shorier, premplaers are

al gran

less reduced, and the limb hones are move slongate than ia AR stocki
The length of the axle is provortionally the seme in both forms.

rogerus Ustthew and Cook (1808) from the

ALt camoly

Lower? Snuke Creeck differs from AT stocki in absence of I1 and 132,
in longer tootherow, in less reduced premolars snd in possessing
wore elongste limbs.

raffinue Matthew (1901, & azltus) from Pawmes

R i

Gleicemelus o

Creek, 2n old individual with a longer tooth-rvow and less reduced pre-
molars, differs strikingly from the Tonopah specles in the extreme
elongation of its limb elements and of its neck (gf. the axis.)
This speciss, ths type of the gemus, possssses the stumps of Il and I2.

Phe skall mentioned sbove, which was referred by Malthew
(1924, fig. 54) to 4. of. leptocelen, hes s much shorter tooth-row
than in ¥o. 1434, bat Il and I2 are present. Because of lack of
farther illustrations and deteiled dsscription of this Snake Cresk
camelid, the two forms cannot be closely compared. Limb bones which
have been designated 4. leptocolon Matthew (1901, fig. 30; 1909, p. 1185)
are of the game proporiions as the specimens from Tonocpah, but ars
somevhat smaller.

Some undeseribed slticamelid species from Bnake Uresk
{Davidson 1923, pp. 402 and 406} approximzte in measurements the Tono-
peh material. The premolars of the Snake Creek form sve scmewhal less
reduced. &&%ia&mﬁl&a priscus Matihew (1924, p. 187) lacks sufficient

deseription for smy detailed comparison.
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AHTILOCAPHIDAE

& large number of mevyoodont remains, including skull parte
and horm-coves, have been desoribed from the Tonopeh locality (Furlemg,
19%4.) On the basis of this msberisl, Ywo new epscies were established:

(1) Herycodus loxoserus Furlong repressnted by no less than sixty ine-

dividusls of all sges, end {2) Harycodus hookwsyi Furleng known by the

remaing of possibly more than three individuals.

Considersble variation im slize and patiern of meryoodont horne
cores ¢en be noted in & collection of this kind of material from s ziven
loeslity. Bometimes soveral distinet tynes ars represented. Hore towe
wonly the types grade by swall veristions from ome %o the other. With
such variations possible &% would seem legical %o use minor stzuctural
differences in hors-core Aevelopment to distinguieh species or varietles
of & partioulay species. It is deemed advisable %o vessrve for generie
digtinction the differences in dental charscters snd the major d1ffere
enaes only in the horn-oores.

Parlong has slre-dy pointed out the charsciers of hornesore
and dentition which serve %o disbtinguleh the twe Tonovab species from =1l
sthers. No atbemp’d was made, however, to deterine the nhylogenetie
position of these species.

The best ariteria for esteblishing the relationshipg of meryone
donte are not found in the form and slze of the horn-cores, but in the
length of the postsympbyseal disstenms, the reduction of the premolars,

erown pattorn of Pﬁ; snd in the leangthening of the molay tooth-sorowns.
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Plate 1

Panoramsa of the western slope of the San Antonio
sountains, looking 8 4597 to W from a point ten miles
north of Tonopah, Hevada. The southern end of Big
Smokey Valley liss in the distance with Lone llountain
beyond.

The locabtions of quarries "A™ and "C" of C.I.T.
Vert. Pale. l.ocality Fo. 172 are indicated on the

photograph.
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Plate 11

-1
=4

iew of Quarry & from the northwest. Quarry

=t

Pig. 1 -
4 is the cut on the side of the hill in the middle center-
ground . Quarry ¢ lies out of signt on the back slope of
tne same hill. Bobth guarries lie on approximately the
same sbtrabtigraphic horizon. Uhis horizon has been offset

by minor faulting.

Fig. & - Blasting bto loosen overburden at Tonopah

Quarry C. View from the easst. The fossiliferous strata

dip gently southward.
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 ABSTRACY

The study of the Cargo Muchache %&ﬂh&aﬁaa«@?@ﬁeﬁ%ﬁ the first
aceount of the zeology of southessternmost California. In these mounw
balns pre-Hesovole kysnite schist and arkosite ere intruded by 2
series of granltold rocke probably Mesesele 1w sge. The %wﬁaywmmg@s%
rocks of this series were Tormed by grenitication of avkosite. Ande-
site dikes of miner lwportance intruded the avea probably in Tertiary
time. Remnants of & once extensive Tlow of olivens basalt cover a
fow outlying hills. Alluvial deposits of three distinet ages socur
in the arvea. Twe of these, which are pre-bassld in sge, offer evie
dencs that the Goleorade %iv@r formerly flowed through the region.

The Carge Yucheche Hountaine constitute an imporbant gold
mining district. The occourrence of the ors ip shown ¢ have been cone
trolled by the regional st¥ucture. The ore depssiis sre mesothermal
sud ave loeslly charscterized by exireme sltepastion of the wall vock.
Kyanite and sericite are also nmined in the district. The record of

mining activity snd production of the distriet is brought up te date,

iv



GROLOCY AND MINSEAL DRPOSITS
oy THD
g}ﬂ Eﬂfuﬁ&{;}i{ﬁ mﬁz@t ﬁ”‘?fi

IMPERIAL COUATY, CaLIFORNLA

IRonuorIon

Location and Extemt of Ares

Yhe Cargo Muchacho Mountsine are defined as the small renge,
including ocutlying hills, which covers the central portion of the
northern half of the Tume Guadrangle, Californis-irizons. These moun—
taing lie immediately %o the northeast of the town of Ozilby on the
Southern Paoific Rallroad line. Thelr southeastern extresity is about
nine miles NV of Tuma, Arizoma. The ares which has heen mapped geo-
logically (Plate I1) is loosted approximately between ¥. Longliude

114%42% 00" tp 114950' 30% and W. Labtitude 32048' to 330580,

Settlement and Industries

principal industries carried on in the areas are the mining
sad milling #f gold ores. At the helghi of 14¢s development in the lstier
part of the ninetsenth century, the town of Hedges supported a population
of saveral thousand. 1t now mumbers asbout thirty. ¥hen work revived
recently at the American Girl mine, the town of Obregon temporarily
attained a povulstlion of over 300 inhabitanis. The town of Ogilby has

g povalation of about 100 sznd is loecated on the rallread.
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Boutes of Access and !

The main line of the Southern Pacific Hailroad passes $hrough
Ogilby which lies by rail sbout 15.5 miles from Tuma and 250 miles
from Loz Angeles.

An improved county road leads northward %o Blythe from &
poiat on U.S. Highway 80 Just east of the Sand Hilles snd sbout 12 miles
west of Yums. Ogilby lies on this county rosd, four miles north of
U.S. Highway 80. An improved road comnects Ugilby with the town of
Obregon. Arcund the mountaing 1s a network of unimproved rosds lesad-

ing in sll directions between mines, prospects, and saln roads.

Provigus Oeolozical Work in the Ares

Mih@u@t wmining has Veen carried on in the Uarge ¥uchacho
Hounbaing ever slace the latter part of the elghitcenth cenbury, no
detailed geological map has hoon made of the district. & few brie?
geological descriptions of the area have sppeared in the Broader gurs
veys of the reglon.

Iz 1857 ¥. P. Blske, geologlet in Dieut. Williamsen's
Pacifie BEailvoad Fzplorztlon party, vigimd th@ gouth end of the
Carge Muchschs Mounteins., He reported™ that the rock consisis of
Yrompaot guneiss or gnelssoss grmit@ v« . . Several whlte guarte

veing from three inches %o & fool or btwo in thickness wmore geoen.”

1. Blake, Wm. P. Oeological Feport (Willlamson's reconnaissance in
Oalifornia)., U.B. Pasific B.B. Zmpl. wol. 8. 18B8.



Also Blake moted the desort pavement of "rounded agates and carnelisns,
s0d & wass of rolled and water-worn flint, which contaimed smsll fossil
ghells, apparently carboniferous or ﬂr@ia&@@uﬁ,“

J. B. Brown of the U.B8. Geological Survey sarried on field
work in the Salton Ses Region during the winter of 1817-1918. His
Water Supply @ﬁpﬁ?;s govering over 10,000 square miles inm southeastern
California, necessarily makes only the broadesnt generalised stabesents
concerning the geolezy of any glven looslity in the region. He atirie
butes the granites snd schists of the farge Machachs renge %o the
oldest series of Pre-Uambrian rocks in the distriet. As evidense for

? fhat theso rooks have suffered the grentest

this conclusion Brown stales
metamorphisn, sud have been intruded or overlalm by 21l other series of
ths reglon: that they are similar to the Pre-lombrian rocks of the
Srand Csnyon and other parts of Arizona; and that, although thick
sovien of sedimentsry bede are exposed, no fossile have ever been
found within them. |

Bsports of the Dalifornis Btate Mineralegist, with their
acoounts of mining sotivity, sided greatly in surveying the history
of the Usrgoe Machsche Distvrict. The gecloglcal ﬁ@ﬁarﬁﬁ%i@ﬁgg howsver,
which sve included in these reporis, are very sketchy spd include

Little material of valus.

1., Byown, J. &. The Szlton Ssa Beglon, CGeliforais.
U.B.6.8. ¥ater Sunply Paper 49%. 1923,



| & series of private yveports on the fmerican 8irl mime is
limited in subjeel slmost sentirely %o problems regurding the sconomies
of mining and milling., The fow giatements regarding the geology of the
mine are cowpiled in & report by Marshell Eﬁa@@rl, These statementis
consint of gueeses zs o the metamorphic nelure of the well rock,
brief Gescriptions of the southeard-dipoing sbttitude of the muln fauls,
and mention of the sulphide nature of the nineralisation.

Field work by the writer wos begun in Juse 1927 snd contimeed
&% intervals during 1938 and 1932, Iz 811, the writer spent s 11ttle

weve thar thres months in the gres.

Parnose and Scope of Present Hork

The purpose of the writer's geologloal work dn the Javge Muchache

Hining Dletriet was te assemble gemeral facts pegarding the geology snd
winersl deposits of the whels reglon, snd %o mshe = deteiled study of
the Amsricen Glrl Hine.

The ares was mapped geologloally on an enlargement talken ffam
she Tums Quadrangie of the Topographic Atlas of the Unilted States, 411
important mineral deposits of the ares wore exemined. Faulls, wallyock
slteration, and ore of the American Glyl mine were studied in consider-
able dedail.

The geology of the kysnlte-bearing Vitrefrex formation presouts
gsome of the most inberesting probleme of the vhole aresn. The notes on

this formation included below do not pretend %o offer an sdeguate

1. Draper, M. Privete report on the American Girl mine. 1811,



discussion of the complexities involved. The formation has been men-
tioned by way of complebing the plelure of the regional geclogy. 1%
has no Alvect hearing on the metallization of the district which is

the main concern of %h%a thesis.

The writer was ably assisted in the fileld by Messys H.
Victor Church, ¥illiam ¥, Pledler, snd Howard Smith.

To all the mine ovwners, mansgers, eugineers and other men
interenited in mining in the Cergo Muchachs Distriet, my sincere thanks
are dus for their cordisl cooperation. Pertlicularly de I desire %o
express my appreaisdion for the many courtesies snd sinecere support
sxtended by the owners and staff of the American Gzl HMine.

To Dovtor Ten Comphell and Doctor M. J. Fraser of the
Celifornis Institute of Technology, who supervised the field work and

eritically vesd the mamuseript, I am deeply grateful.



The Cargo Muchechoe Mountaine are low but extremsly rugged.
The range rises sharply sbove an alluvial fan which is continucus
with the gently sloping surface of the Colorado River delta. %he
range is divided almost evenly in half by the deep cast-west Ubregon
Valley, the highest polnt of whieh lies less than 900 feet above
soa Level.

The highest peak of the district (2225 feet elevation)
liee in the northern hall of the range. This norithern portion of the
mounbaing includes & cowsiderable arvea of bigh, rugged hilles off %o
the saet. Stud Mountain (2130 feet elevetion) dominates the southern
helf of the vange. Both the northern and soubhern helves are dlssected
by aonmmbor of deeply incised valleys which conbribute to the exbreme
rugzedness of the couitry. A cowpact group of hills lies sbout & wile
to the south of the rongs.

The drainsge divide betwesn the Uolorsdo River snd the Salten
Ses Basin passes down the crest of $he range from northesst to soeubhweet.
Through the oultlying hille to the nerthesst sznd %o the south of b
rangs are cubt valleys which draln awsy from the maln mounitsin mags.

Ho perennial stresms or flowing wells exlst im the aves.

Slimate
The climate of the Jarge Muchacho district is typieal of the

Sonoran Desert reglon. docordiag to records kept st mem; for the past

1. ¥esther Burssn Bulletins. U.8. Department of Agriculiurs.



fifty-three yesrs the mean anmual tempersture is 71.9° Fohrenhelit
with an obsclute maximum of 120° and an sbeolute minirmm of 299,
July ie normally ithe hottest nonth,

The wean snmesl precipitedion ot Yums i 3.38 iaches. Ogilby
hee & mesn sanusl precipitation of epproximately 1.1 inchest. In ﬁuﬁ@@r
rain often falls in violent local showers which in o few ninptes chenge
&ry srroyos inbe veglng torrents,

Smith® etotes Shet the natural evaporation pessible at the
Yums Oltros Statlon, elght milss southwest of Yuma, amounte to 121.4
Inches of waler per yoaur.

Becords kept ot Tuma for siziy-ome yesrs indicate a preveiling
north wind for the winter months and & west to southwest wind for the

rest of the yoaor.

Flors end Trung
On the dry vocky wountain slopes, pedisents znd alluvisl
slopos, scabtered barrsl esobus, ¢hwlls, oootilleo, and creosete arve
nresent, Pale verde nnd ironwood flourish in the dry woehes., Haay
vook tanke and charcos which are able to hold water for long neriods
ol tims hebwesn raineg, mesguite and dccasionally resdy grasses maintain
a precariong existencs.

Anlmales are very scarce in the Oarges Mucheche Mountalng., Bwmall

1. Brown, J. 8., The Salten Ses Beglon, Balifernis.
. 5. 6. 8. ¥nter Supply Paper 497, p. 13. 18338,

Hehddie, A. G, Slimetolegy of Californis.
.8, Dept. Agr. Weather Buresu Bull. L. 1803,

2. Swith, A, V. Climsts of Arizons.
Univ. of Ariz. Ezp. 8te. Bull. 130, 1930.



mamnals, buzzards, guail, hupminebirds, lizerds, ratilesnsikes snd a

few insests make up the Fauna.

Historical Sketch

For sn account of the early explorers who passed Lhrough the
Tumz region, the reafer is referred %o the excellent condensation of
¥. L. Rensome's history of Arizona modified by Eirk Brysn and published
in Bryan's memovable paper on The Papage Country, &rizﬁﬂa.l

The best biblicgraphy of the Histery of Baplorstion of the
Golovedo Delbe region is the annobated and claesified blblicgranhy by
Godfrey Sykes.?

The Yuma wregion was first visited by the Spanizrds in 1540.
Oveaslional explovrere and missionaries visited there owey the nezt twe
hundred twenby-five years. Vith the establislment of a shert-lived
sebtlement from 17B0-B1 mining wag fivet carried on in the g@@iwnég
The vich placey deposibs st the Potholes on the west bank of the lolo-
rado Biver near the site of legune Dam wore worked. At the same ¢ime
mining activity extended to the Carge Muchacho district, and genterved
round placey grounds of Jackson Gulch and rich oxidized sres of
Madre Valley.

Hining sctivity in the Cargo Machaoho district was reswmsd

after the establishment of the Hexican Fepablic. Hvidenes of old

1. Bryaw, ¥irk The Pepago Country, Arizons.
Rangome, ¥. L. Historical Sketch of Ariszons. U.E.4.3. Water Supply
Faper 499, pp. B=33%. 1828,

« Hykes, Godfrey The Coleorade Delta Amer. Goographlcal Society
Speeial Pub. ne. 19, 1937. Alse Uaraegie Instn.
of Vash. Pub. ao. 460. 18537,

Z. Drowne, J. Ross Heporte upon the Mineral Resources of the United
States, p. 13. Gov't Printing Office, Wash. 1867.



Hexican workings and a%raﬁ%r@ﬁ'iﬁ sbundsnt. @@p@i@ﬁly it was ot this
time that two young Mexican lads, mhafware’@laying at prospecting,

in imitation of thelr fathers, came into camp one svening with their
shirte losded with gold. From this ia&iﬁa&% the district rocelived
ite name Uargs Buchacho or leaded Boy.

Daring the period of Mexiean oecupstion Americsn explorsrs
begsn to take indercst im the rezion of the lower Colorago. After
the Mexiecan wor, Tums seeuwned Lmportance as o fort sad wey stadion
slong the southern route Trem the esst to Uslifornia. JAwmericsn minors
begen $o work in the Cergo Muchashe distwrici.

The ond of the Givil Yar applied & major stimulus %o mining
threughout the Bouthwest., Mining in the Csrgo Wuehnohe District was
established on & fire basis vhen in 1877 the Southern Pocific Bailrpad

between Tome and the coast woes complebed.

Additional Bibliography

Bolton, H. B. EKino's Historiesl Memoir of the Pimeris Alts. $leveland.
1919,

Emowy, ¥. H. Hotes of a military recomnalssance from Fort Lesvenwordh,
in Missouri, to Sem Diege, Ualiferaia. 30%h Cong. lst
seggion,. S, Ex. Dee. 7. (M. Ex. Doe. 41), nn. 1428,
1848,

fuinn, J. ®H, A History of Celifoenis, p. 161, Calif. Mist, Soc. 1807,

Parish, . B. Histery of Arizema, vol. %, p. 281. 1916,

Gelif. State Minerslogist's Zeport, vel. 14, ». 728, 191314,
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Pigures for the total minersl producition @fyﬁhﬁ Cargo
Huchacho mining distriet for ysars prior to 1892 are very {ncomplete.
Yor the waﬁ%'p&r% they are concealed in the returng for the whole of

old Ssn Diegs County. Relishle figurecs give a minfmum total of almost

$2,500,000, Uonservetive sstimates indicste a production of more than
$4,000,000 worth of gold, of which 2,800,000 %o §3.000,000 were derived
from the Golden Cross group of claims alone,
Fotet In the followlng bable, only those yesrs have been
gaoted Tor which actusl figurses or reliable approximations
eould be obtained. The omlission o g year from the table
does not necessarily mesn that thore was no gold preduction
that yesr, Wl merely indicstes thal ne yﬁiﬁ@h&@ statistios
of nroduction were avallatle.

Table 1. Gold Production of the Cargo Muchacho Miniug District

1883 % 60,000 spproximste
1895 a4, 374
1898 255,000 speroxinate
ingy B0, 000 approvimate
1888 ZEDL D0 approxinets
1899 160, 000 sporoxinste
1508 G, 258
1911 98,044
1813 51,784
1914 219, 2848
1918 14,43%
1816 B3, 403
1817 $nd
1924 prs o]
1926 325 approzimabe
1927 280
1850 148
19zl 648
1982-33 15,230
1874 T, 486
1936 59,406
1938 44, 381
1837 308,994
1938 456, 884

Total 2,437, 760
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PETROLOGY
Hptamorphosed sediments, granitoid intrusives, volcanics,
and alluvium comprise the bulk of the roocks which oceur in the Cargo
Bochache district. The aresl geologzy and a2 stmeoture section arve

given in Plate I,

Hetamorphie Rocks

The metamorphic rocke of the district sre divided into two

distinet groups which pccur in separate areas.
Vitrefrax Formation

Defipition and dlstribution.-~This formation is named from
{ts best developed ezposure in the Blusbird quarry on Vitrefrax Hill,
(Plate I, no. 17, Plate 11I, me. 2}, The formation covers only a
very small ares of the district, nntaﬁly Yitrefrax Hill iteelf and
Hicatele Hill to the north,

Litholopic character. --The Vitrefrax formation comprises
saveral indefinltely hounded lithologic units., The lowermost of these
units is white quartzite vhich grades into sericite schist or cuartz-
mice schist, Abovs this ligs taloy sericite schist, which $n tumm
grades upward into kyanite«bssring quartz-sericlte schist, thenece
into white kyanite-bearing quartsite, thence into sericite schist
with sbundant magnetite metacrysts, and finally into kyanlte-bearing
auartz-seorieite sohist. Texiture is fine to nmedlum-grained for the
most part, yet where the kysnite la best developed the crystals socour
in large matted aggregates and in radlating groups several inchee long.

Origin and metamorphism.-«The presence of strikingly different

rock types in & limited area, the layersd charscter of these rock
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types, and the close resemdlance of the total composition of thess
rook types to that of silty sandstone noint toward the theory that
the Vitrefrax metamorphics were derived from sediments. The quartzite
aid 1¢8 verlatione ware undoubtedly formed from sandstone. The taloy
sericite layers were derived by metamorphism perhaps from dolomitic
beds, although a basic igneous rock would e an equally adequate
inltlal type. In the kyanite-bearing quartz-~sericiie schist, the com-
pletely random orientation of the kyanite crystals coupled with the
yuggy nature of the sugary quartz matrix militates etrongly agsinst
& regional dynsmic metamorphic origin for the depusit. Hydrothermal
solutions working on a more aluminous member of ths series is suggested
as the most likely ageni in causing this metamorphism. Ferruginous
clay shales may have deen the original materisl from which was pro-
duced the magnetite serlclite schist.
Evidence of luter pneumatolytle action is also present in
the area. Abput 00 feet directly south of Micatale Hill, nesar the
fault zons separating metamorphiocs from biotite gramite, a consider~
able smount of euhedral black tourmaline crystuls are dissemincted
through the kyanlte~-bearing quarig-sericite schiste., The tourmsline
azleo occurs in fineegreined veinlets cutting the schists, Accompanying
the tourmaline are wexy green $o white stentite, oftern filling ths
interstices of broken tourmaline needles. A small amount of pyrite
iz irregularly scattered through vortions of the Vitrefrax formation.
In the same limited loodl 1ty small dikes end veins of quartze
feldspsar pegmatite containing specular hematite croescut the tourmalinized

snd steatized kyamite schist. One guarizwin contzining a seem of
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specalar hematite ocours undistrubed in a fault zone filled with

taley gouge.

"

NHote: The controversy concerning the origin of kyanite
centers about the guestion of whether or not pew material has besn
pdded to the country rock by the agency of hys%m‘&ham&& solutions.
& fow of the classic and a number of more recent references on this

subject are cited below.

Dunn, 4. A. Andslusite in California and kyanite in Forth Carolina.
Loon. Gsol., wol. 28, Bo. ¥, vp. 692-856. 18922,

Jonas, A I. OBeclogy of the kyanite belt of Virginia.
vi?‘g.\ %@1; gﬁw« Mln 331 %v ’-{"‘&g: 1@3@?&0

Petar, & V. Billimenite, kyanlte, andalusite and dumortierite.
U.8. Bur. Mines Information Cirveuler 6286. Mareh 19730.

Prindle, b» M. and others ZXyanite and vermiculite deposits of Gsorgia.
Georglsa Geol. Surv. Dept. of Forectry and Gsol. Devel.

Smith, B. % The leyanite industry of Georgis.
F z' By Bia %aﬁh- Fﬂ%v ?ég- :{3» P 3 fig@- }*Q%ﬁ‘

Spuckey, ¥« % Uyanite dsposits of Horth Usrolina.,

Stuckeys J. L. Origin of cyanite.
Sgon. Geol. vol. 30, no. 4y pp. 444450, 19385,

Taber, 3. The origin of cyanite.
Econ. Gsol, vol. 30, no. 8, pp. 923-24. 1838,

Pilley, C. 5. BHole of kyanite in the "horafels zone” of the famn
Ciminmieg granite, (Ross shire) (Scotland).
Hiner. Mag. vol. 24, no. 148, pp. 9287, 3 figs. 1935,

Yan Higes, U. B, Prestise of metamorphiss. ,
Us 8 Geol. Surv. donograph 47, pp. 381-83. 1504,

Toraadsky, ¥. Hote sur 1'influence de la haute temperature sur le disthene.
mii- 3@@; ?1‘. %iﬁw Vﬁ}-u zwg ki ‘ié?"‘ﬁ%a 1@59*

%allace, K. C. An umuisual ocourrence of oysnite.
Amer, Hin,, wvol. 9, vp. 120138, 1924,

Wilson, E. D. An ocourrence of dumortierite nmear Quartzite, Ariszona.
tner, ¥in.,, vol. 14, pp. 37281, 1929.



1B

series. --dnother group of metsmorphie rocks may be

Beloted
included with the Vitrefrax fermstion. These outcroy on the exireme
sastern border of the southern hslf of the range. The occcurrence is
veyy much confused by sbundant aplitic intrusions in the form of emall
dikes and irregular plugs.

One horison of these metamorphics ouberops discontinuously
along ridge tope for over a guarter of a mile in & more or less straight
line, striking N10%% and aipping 50°52. Pnis ridge~forming rock varies
from an extremely hard white gusrtsite, which occasionally bears epldote,
to = rock bearing abundsnt wollastonite anéd occssional cosrssly crystal-
line caleite. The outerop has weathered to form & rough solution-
pitted surface like s normel limestone under desert conditions. The
rock proebebly originated from the metamorphism of s calcarecus sendstone.

4 fine to mediun-grained dense gray rock occurring nearby
sommonly displays laminae and bedding., It spvears to be a strongly
ﬁﬁ%ﬂ:ﬁﬁ@hﬁ#ﬁ feldspathic sandstone.

A third variety consists of a fine~grained black biotlite
hornblende schist. Although sometimes only slightly folded, this schis$
is often very strongly contorted, especially whem it 18 near a sontach
or is in fairly larze inclusions in quarts monzonite. The erigin of
this schist 48 uncertain. On the basis of lithelogie similarity,

- this schist may be $he source of the inclnsions in the guariz memzonite

on the southesst side of the range.
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Tumao Formation

jetribution. --This name i8 applied o the

Befinition and
netamorphle terrane lying in the Tumeo Valley and extending north
and south therefrom for about a mile. A4 strip of thig formation can
be traced through the northern part of the range over to the sast elde
where there Ziag another considerable srea of melamorphosed sediments,
Tith neither top nor bottom exposed, the minimum gtretigrephie thicke
negs of the formatlon is moye than 6000 feet.

gharagter.--Arktosite. Gray to plakish gray,

Lithologic

highly indurated, maseive and closely te sparsely jJointed srkosite i
the type rock of the formetlon. Ia texture the rock is fine-grained.
It consiste dominantly of quartz and feldsper with small amounts of
hornblende and blotite., Einor waristions in mineral composition and
in grain size produce s elight effect of banding im the srkosite,
The main joinke parsllel the bediing planes, while the next most iow
portant joints sisnd vertieslly and strike roughly HeS.

Under the migroscope the rock is fine to mediumegrained.
The principal minersls include feldspars, 50%, {approximately equal
smounts of orthoclase and microcline): gusriez, 454, rounded greinsg
biotite, 4%, larze, strongly plecchrofe greins often shoving parsllel
asligreenty and hornblende, a fer medium sized grains, plecchrole
yellow-green to blue-green., Accessory minsrels consist entirely of
magnetite, spatite and sircon.

The Tumeo formatien is not wniform im appearsnce. Host
important of the variations are those due %o differences ia the original
moterisls from which the rocks wove f@ymaé* giving two meln $ypes,
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arkostite {dempribed abovel smd bhornblende schisg,

Litheloglic chsracter.~~Hornblende schist. Green-gray,

schistose rock charscterized by its ihin~bedded nature and 1ts large
homblends vhenoorysts. It occurs in unjeinted lsyers a few inchse up
te s foot thick at wide siratigraphic intervals throughout the arkostise
series,

Microscopically this harnblende achist aprears holocrystals
lina, with large crystals of hornblends and biotite scatiered through
a fine-grained feldspar and guartsz groundmass. Feldspar vavies from
20% medium-grained orthooclase in the one extreme, to 20% erthoclase
and 207 medium-gralned microcline im the other. ‘martsz, 454, sooure
in mediumesized sralns, often elongated parallel fto the sehisgtosity.
In thin ssction under the microscope with nlcels erossed wmost of the
auarte graing disnlay wavy extinotion, Hormblends, 5%, apnecrs as
charactoriaticslly large gralns, nleochroie from yellow-green to
hlua-green and parallelling the schigtosity. Piotite, exhiblting
strong pleochroisn, varies in amount from 18% to 2% inversely with
the ameunt of mierneline nresent. ZEnidote, 0%, secenrring in small
gesbtered crystals, i found persistently throughout the schiet,
Aostite and megnedite are the domimant accessory minersls.

Origln nnd metameynhiam,-~In commosition the typleal aricosite
Aoes not differemuch from =n ordinary granite. The thin fissile horn-
blende layers interstrstified with the arkosite, and the slight but
regular textural and compositional banding of the arkesite appear to

e indiesations of sedimentary origin. Thia stratizraphic banding is
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espeaially evident where the rock has been folded by small sill-
like intrusions.

The texture of the mineral grains of which the roock is
ﬂﬁﬁpﬂﬁ%ﬁ points to sedimentary origin. Feldepare with their rounded
to irregulay grains may have been sedimentary grains slightly recry- |
stallized by metamorphic forces. Well-rounded quarte grains, on the
other hand, could be only detrital in origin, though they may have
heen slightly elongated and somewhat strained by metamorphic activity.

Thinness of its beds and extremely fine-grained nature of
its matrix, sugzest s tuffaceous origin for the hornblende schist.
The sudhedral horablende and biotite crystale in this schist weve
probably forsed by nild metamorphiesm.

North of Tumee Valley the formation is very abundantly
cut by dikes and penetrated by lit-par-lit sille vhich ave zranitic
' to pegmatitic im chsracter. Intrusions incresse in abundance as
the contaoct between arkosite and leucogranite is aprrosched. The
actual contact 18 a very indefinite zone inm which hundreds of sills
fingsr into the arkosite. On the map (Plate I) the contact is drawn
| to represent the loous at which sills predominate over arkosite in
& ratio of spproximately 60% to 40%.

In the contact area between Tumeo srkesite snd leucogranite
& numbey of suggestive festures have been noted.

Hocks with typiecal fine-grained texture of the arkesite
can be traced sleng a single siratigraphic horizen until shey have
changed by s series of minute variations to completelygranitold

leucogranite.
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Coincident with grsdual textural change is an equally
gradual compositionsl change. Fine-grained gray to pinkishezray
fﬁi&spari in srkosite give way to light gray and white feldspars in
1eu§ugranite. Biotite content which 48 cuite high in some of the
arkoesite neer the contact ares, decreases consideradly as graduasl
transition is made inte leucogranite. HMagnetite occurs in inverse
proporiions to blotite.

Likewise there is a gradual loss of sedimentary structure
as the contact is traversed from arkosite inte leucogranite. This
loss of sedimentary structure ccours even more slowly tham do the
varidtions in texture and composition., Heace, in many cases where
the roock 1s both texturally and comnositionglly leucogranite, 1%
8t11] besrs evidence of structural similarity to stratified arkosite.
This stratified sppearance is caused by differences in mineralogy,
texture, color or hardnese of different layers of leucogranite.

Very commonly the small amount of blotite im the leucogranite 43 in
parallel alignment with the regional siructure of the arkosite.
Weathering of the rock surface generally alde in accentuating the
ninor differences between layers and hence emphasizes the sedimentary
appearance of this type of leucogranite.

Throughout the leucogranite are sbundant arkosite inclusions.
North of the leucogranite~arkosite contact, the inclusions decrease in
number and in size, and are more completely digested. On the map
(Plate I) a few of the largest inclusions are represented by attitude
eymbols placed within the leucogranite proper. All of the major in-

clusions are oriented parazllel to the regional trend of the arkosite.



Two textural snomalies occur in the arkosite and in the
granite of the contaet area. It can be observed under the microscope
that while type Tumco arkosite contains a considerable amount of
microcline, this miecrocline oocours characteristically ia small, some~
what rounded, slightly kaolinizeﬁ grainas. As the contact with the
lsucogranite is neared, howaver, large hragnlar miorocline orystals,
many of which are considersbly kselinized, become incoyeasingly sbundant.
Thig same relationship has beem noted, but not 80 commonly, in the aase
of orthoclase.

In type lemcogranite, most of the quarts in in small to
moderste~sired angular to irregular-shaped grains, However, sowe
quartz in the leucogrenite, most notably in the contast ares, consists
of emall rounded grains, a fow of which are actually included im large
miorocline and orthoclare crystals, These phenomena are evidence that
the leucograntite was formed by the granitization of original arkosite
in the area,

The teoxtursl change might have been brought about by an
inorease of temperature and preasurs.

The compouitional change 13 not important in terms of total
composition. The reworking of the feldspars converted gray tinted
feldspars in arkosite into clear feldapars in leucogranite, It has

heen mggastad}‘ that the olouded gray sffect of many Teldspars is

1. Anderson, G, ¥, Oranitisation, albitigation, amd related phenomena
in the northern Iayo Range of Californis-Nevada.
Bal). G.5.A., vol. 48, pp. 1-74, 10 pla., 1) figs.
1937.
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caused by the presence of dustlike inclusiens of ferruginous material,
chiefly hematite, or, less abundantly, magnetite. The segregaiion of
this ferrginous material as well as partial breaskdown of biotite

and hornbleade may account for the slightly greater amount of magne-
tite in the granite,

The grafual loss of sedimentary siructure accompanies more
complete digeation of the arkosite by the granitizing solutions.

The varying stages of digestion pof the inclusions as well
as thelr parallelism of orlentation suggests infiltration and penew
tration by replacing solutions rather than foroible inirusion of a
displacing megma. -

The large feldspay crystals in the arkosite of the contact
area are interpreted as metscrysts representing the first stages of
granitization.

The quarte inclusions in the feldspars of the lewcozranite
are interpreted as being the last undigeated remmants of the original

arkosite.



leneous Rocks

The igneous rocks of the distriet have been tenlatively
rapped as several itypess. & @@?i@g of Tour major igweous intrusions
mekos up the Wulk of the range and exbends slmost contimuously slong
the center of the range from south to north. The rocks vary from
an exbtremely dark guartz diovite in the south to sn almost while

gramite in the north. They seem %o be a2 related secusncs of suc-

cegsive intrusions inbe the metsmorphic terrane.

Guarts Diorite
Quarts Qloride ocours in the southern pard of the range
in & belt lylag to the south of the Madre Valley, exbending sastward
t¢ Juckson Oulch and thence northwsrd o Obregen Valley.

The rock is dark in sppsavance, centainlng abundent blotils
and hornblonde. The quarty end Teldspar sve gray. Texiure 1g gener-
ally gronitie, though locally 1% becomes gneissold.

Hioroscopleslly the rock ig éﬁ@@a%ﬁaﬁazziaﬁ and fine %o
mediun-grained. Andssine {An 4B} mekes up 257 of the rock. Orihe-
clase, B%, is present im the form of large highly kmolisized crystals.
Guartz ocours 4o the extent of 208 in fairly well-preserved grains

interstitial to the feldepers. Bletite in stromgly ploochroic subedral

crysials forme 20% of the rock. Hovnblende, likewise 2 HEOUTS 88
shrongly plecchrole yollow to dark green crystals, partly rescrbed hy

later quartz greins. Bpldote, 6%, is formed ap small eubedrsl crystals
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seatiered in the Teldspars. Accessery ninevals include apabits,
zircon and sagusionally segnetite.

In i%s northeastwerd extension the dlorite bears mumerous
dark sehistose inclusions. MHany of thess inclusions conbaln abundand

microsocopie bales of sillimsnite,

Yunyty Honsenlie

Guarts ponzenite mokes up the whele gastorn poriion of the
southers half of the vangs. as well as the hills %o the seulh of the
renge. This guarts ponzenide mey eventuslly be mapved as twe ov
thyee ook types, for its wineral content vavies considershly.

It 49 characterized weguscopically by gralse and aggregaies
of dark biotite snd hoypblende gherply conbeasting with 1ight colored
feldspur snd quartz. The texture of this rock le typleslly gremiteid,
but in & momber of isolated spote 1% is gueliesie, baving besn subjected
elther to primery Flowsge or %o secondary locslised shesring ov
sompression.

Unon ezssinabion wnder the mierescops, the guarts monsonite
zppears holoerystalline, subeguigremuler and with greniteld texturs.
Feldsper comprises about 5569 of the vook. OF this, 100 is evthoclase,

20% miorocline; the remsining 25% consiste of sundesine {in 45).

20% of the rock is quartz, mostly in emall grains, hedral, strenzly

pilegehroic bliobite mukes up 189 of the rock. Other minersls imelide

hornblende together with the secessory minersls, apabile, maguetlis
; &

and zircon. Seriecite securs as an alterstion of the feldspars.



Ipidote, =hick say atlaln considersble preporiions loeally, fs found
Beth in velns snd a5 disceminations.

in 1ts less typlcsl phases, the guarts nonsenliie muy become
glther aplitic or poyshyritic in texturs. Thes porphyritic phase a&gwf
talne lavge orthoolsse phenccryste im the farw of Carlsbed %@ ns up o
fouy inches long. This porphyritic type scours in swall 4lkes, one
to fifteen Toed wide, oubiing the main body of the quarts monszonite.
While the adjacent porssl guards monseulie bears sbundent dark inclue

aiong, the vorohyritic fasies bears none.

Plotite Cranite

&

Thie pock scounys the southesstern guarier of the northern
hal? of the range. 1% veries somovhat i sppsersnce. 4 glosely
rolabed rock type outorons im the aren lmmediately o the seuth of
the Aueyicen @iyl Mins., Ssatbered astocks of blotite zranite intrude
the gusris dlerits on the south sdge of Obregon Velleyp,

Hegmsoopieally this reck is characterized by the abundsnt
peourrence of cesrss pink %o grey feldepsr 29 well a2 by the presence
of blotlte s the major dark wminewal.

Under the microscope the composition of s typical speviuen
ig seen to be BOY orthoclase and wierocline, 406 gasrtz snd 8% blobite
with 5 1ittle hornblende. Acoessory minersls include zircen, megses
tite, and a few graing of spatite and gavset. The texture of the rouk

sppears charscteristieally holoeryetalline, fine to coarse-graned,
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The large feldspsrs are believed bo be metocrrsts, and
guariz ooours 58 smell rowded sraing

vounfded quards graing seatlered throughont

that the biotibe granide in 1ts nresend Fform was derivad
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i Bee Sl s Bek S wed Bl b eemes s &
Ciosely ssgueliated with the gronile,

smanetiog frow 1%, o muperons vepeebtitle ond splltic ¢ills and

dikes, Thees sro composed of 980 quartz sud feldsper, with small
red gornetes ualklng up the repalnder. Often bhand specinens of the

1ike and 811l vock causnet be dietingulshed fvenm the leucogranite.

Oriein of the Graniteid Isnsous Boaks

Yo fzusous pocks discussed in the preveding o
nany sharechers in comuon. Only Yrosd Yypes wore distinguished in

though more detailed sbudy would sevialinly juabl

subdivision of sowe of 3hess Ltyoes,

somponly the Bletite grenite are luselly cshursctorized YWy

B
fuc
Pl
&
W
E
&5 v

an ellznment of slnersle nud o bedded eppeeyencs whileh ave nsd found
i he gunrby songonite and ﬁﬁﬁﬁ%? #iorite.

Frow field evidence the guartz diovite swems %o be the
pldest of the intrusives. I%s relationship %o the slder wetamorphics
ennt be dempnstrated sb only o very fow loealitles. On the sast end

af ¥iestale U111 the diowite intrusive sonbtact ouls sovoss ik

sehistonity of the ssvlier Vitrelfrax Torastion. To the south and
waet of Kyanite Hill ansther contact belwesn thess twe formations cap
be sean. A% this lalter lecality, howewer, the slluviuvs-nsniled oul-
epops are nodt osntinvous snough 36 glve a ¢lear~out nisture of the
relatinnshing.

A% the sest end of Hadws Velley end spnid in the ares jJust

north of Jockasn Guieh, e lnbrugive welabliopehive bobwsen the



guarty dierite and the younger cusriz menzonite are woll dleplieyed.

w stiringers of g

gome place, the guvard nroniie contalne shundant zenoliths

The dike-1ike bolies of porphyritic gunarte monzontts and
aplitie gquarts wonsonite whlch ecour in the eouthesstern pepiics of

bhe renge onlt the main body of the ouarts monzenite with meny ebringers

and hesordingly these minor faclies are younger than the
rest of the cuarty monzonite. Thelr rolationships %o sach obher and
te any of the supposedly subsoguent rocks ave wilmown. Sieilexidy

of composition provides the only reason Tor swnosing that these dikes

inbruded inmediately after wather then long after the emplscensut of
the sein boedy of guasiz monzenite.

The sode of intrusion of the bletite grnite 40 Tered fvon
that of the sarlier intrusions in that replacement walbhey than dise
vlacenent of the counbyy rock begen i9 semupe an lwportent wsls.

Thess velationshine mey be obssrved best st the sasisrn end of Tumen
Valley. There the biotite grenite definitely cuts soroes the sarlier
Tunse Srkoeite. A% the sawe time. howeweyr, eepsclally in 4ts8 allisnment

of winerals, the blatibe granite conbtelvg hints of atwueturel versilelisn

with the arbesite. Up 0o ether hond, the sl stookelibe ﬁ% wg of

o ehoe s shruchurel

piovite granide iw the seuthern part of Lhe yang

paraliellien wvhalsoever.

shosed’ gud the pre-episting coumiyy ook,

L
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smplaceuwent of the blotidte grenite, the
ienoorranits introded the §§z§§§§% part of the aves. 4 mumbey of
textural and structural festures which sen be observed in the leuvew
granlie, suggest thal this lgnecus pock granitlized or weplsced rathew
than displaced the Tumoo Arkoeite.

Alonz with the intvusion of the leuwcogranite. the entire
area. especislly im the nerth, wes shot through with spliitie snd
pogmatitic sille and dikes. These rsliationships can bost be seen on

the west side of the mountains sbout one nile north of Tumeos Valleyp.

Andeosits
Sndesite may be ohserved in a mwber of cuterope too wmell
o map in and aleng the western bordey of the bletlte grauite north

of Chregon Valley and iz & single large dike-~like mubercs on the west

ond and shirding the wordh glide

ki 5 o 2 almost aphsa

pass of vory fins needios and lathe., 4 pooul thin

aufesite Yo the scobteorsd ecourrenve of nosular %o well

nte of 2illky vhite guerdn. These fregments o

smalls ot may ot $ises e ae laves zw twe inches long.

vew of bioblies seour i8 e rock.

1% shows

wenihe rz B &

Under She microscops the andesite iz fine

BaES. ?&@3&? ‘ﬁ%iﬁ g‘ T 4&%‘@%‘"& wrrat ":,*:’

i b andead

ave mosh common, S0P. (uarbz, 29, couurs e
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basaltie texture. Luths of lubradorite meke up 605 of the rack,

sugite in small orystals 258,

olivine in large subedrel orystals 1

and magnetite 2.

In the ares nepped there are present at lsast thres sges
of slluvivm. The cldest type has been observed in enly one loeslity.
This 4s & high ridge consisting selely of slluvisl meterial ead lying
sbeut & guarier of = wile northwest of the lave-capped yound-topped
Bill %e the east of the mounteins. Poorly sorted. snguler or only
8lightly rounded pebbles and boulders charactetize the materisl.
Altheagh soonslonsl bwoulders stlaln o size of two oy thees feeld supong,
most of the matevisl vanges Trom oume ¢ siz inches in diameter. The
fragments ave heterogenous in chavacter, the Dulk {sbeut 904) sre of
achist, while the remsinder sre mostly of quarts and gramite. Some
of the large boulders consist of dense fine-grained dumertierite,l
others ave of Eyanite schist, vhile in o fow boulders kyanite is
found in conjunciion with dumertierite.

Becemee of the great size of the boulders iavelved, and
because of the sngulay Yo cubrounded charscter of he msterial, this
oldest alluvium appesrs to have suffered but little traneportation.
On the other hand, this elluvium contains an sbnowmally high content

of schist boulders for which ne sppayent loeal sourcs exists. ¥Fer

1. Hackay School of Mines Btaff. Dumortierlte. Unlv. of Hevads
Bell., wol. 22, no. 2. 1828,



e
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example, the presence of dumortlerite-tearing beuldery, seme of which
sye identical with thuse descoribed by %@iffg from bon mileg porth of

the Uarge Muchacho Mounbeine, places the bouldey sourge gé@gi%ig that
fry sway. HAccording %o Q. R dyawe® the Imperial County Gumertieziie
appears Yo heve hed » common origln with the beulders from Clip, Arizens.

{The town of Clin was located over thirty milss %o the norlh of the

Saven Muchacho Mountains neay the preseut cawp of Olbvela, Arizona. )

1f there wae & sonpon sourse for all of thess boulder deposliis of

iv & long since sbendoned course which led sorose Lthe ares now oeoy
By the Choeolste and Carge Mucheshe Mountelns. On the other hand.

theye may have boen seversl isdependent leovsl seurces which have been
erofied avay or eoversd by slluvium.

A secon? type of slluvimm consiste dominently of ellipsoidal
pebbles, extremely well waberworn sad well soried. Phia nlluvive
1ies on the flat asrea B $he sast of the mounbains and in long allus~
visl ridges between the washes south of the southesstern part of the
range. There 4% voours near the older schist-bearing slluvium thie

pebble sliuvium forme terraces which %@@?z%% the eider type. The

2‘ ® 1;{}3 ff ¢ q‘??@‘?k Qi % %%« 1% g%ﬁ} S

-

5. Mecksy Sehool of ¥Winss. work cited 1828,

é



ellipenidal sebbles are very constant iz thelr soepasition, almost

all belng of chaleedeny ov Jesper, with a feov of flint and guarte.

Cme cherty pebble was found which Wre the fmpression of & large
erineidal sten. This materisl s vertainly net leesl im erigin he»
pauses (1) there exists no lessl source for such meterial and {2)
the saterial sust heve Tesn transpovted far 4o be go well polished
pnd sorited. 1t is believed thet thig slluvius, Likewise, was dee
posited by the Colovedo Biver when it wes flowing on & now sbondouned

1 na

pourse. In thelp eerly explorations in the reglon Both Blake
ﬁ@w%%gﬁgg noted this pebble alluviuwem. Jach sselgned » Carbontiferous
age 6 the source yook. J. 8. Hewberry says the fossiliferous pebe
bles %derived, as I subseguenily sscerialned, from the Sarboaifsrons
limestons wany miles above.®

A third type of slluviom 42 the Becend slabby, snsulsy,
locally derived material vhich covers most of the fan aves apound She

Uavgo Mucheche Mountains. %o the soulk of the meuntaing this elluvius

can be sosn overlying the rounded pebble type of alluvium.

1. HBlake, Wm. P. Osclogicel Beport {WM1liameon's reconnaisange in
g”&&if%fﬁi%’} gi fg % ;@ﬁ?ﬁgfiﬁ fa ) ?ﬁ(& 1;»}3;%3} @ ‘%”ﬁ% % &%g
wr, 118, 117-118, 230-232, 1BB6.

8. HNewberry, J. 8. Beport upon the Uolorade Biver of the wesi, by
E;ﬁ%; @ ?}@3%}3‘%& ﬁs gﬁ?%‘%g Q%ﬁ@%%ﬂw :):;e “i’%e 3.%%%&
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Subssguent to the emplacement of the intrusions described
shove, feulbts played the dominant role in the Jdevelooment of the
structury of the Javge Muchacho Hountanins., Punlls are nunevous snd
Tault vlecks sre  charucboristic shruchbural units. Folding, on khe
obher hand, was of only elight significance in $he structural history

of the rangs.

The sarlier igheous inbresions in he rense oxhiild bhe
cherzsteristie featurss of Syvicsl siocks. The intrusive bodise haw
partly folded and vertly cub ascross the pounbyry rocks. So far as
could be defermined the intrusions have steeply inclined, ralatively
smooth walls with no flooy visible. Deooalities whevs inolusiens avrs
move abundent then the introsive reprosent rool sud ﬁaxﬁ&&i nhasey
wnsre the inveding zasms wes conmencing o etove the country rock.

The intrusion of the lsuwcogranite sxhibits oloarly some

sabares which sre commonly observed 1y conngebion with siock-liks

intrusions and others which are gommonly asccoiabed with revwlscements.

e

in %he fiprst place, the metamorphic rocke sre intruded by the geanlie
snd dip awsy from the suprosed center of inbtrusion, (Plats IV, nos. I
and 2,

Secondly, within the leusogranite are a gsreat many scbual

inclusiong of the medamorphics. Far move abundent then actusl inecluslong
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are the veliec structures of the Tumeo arkesite within the leucogranite
{discugsed sbove). In every cave thees inclusions snd velle structurves
maintain the reglonal dip of the lovaded Tumes avkusite. Thst ig, the
sunbry rock was net digvlaced, bayond @%?ﬁ@%% & reglonsl up-boving,
gentering on a point o the worthesst of the wovthern end of the vangs.

Thiraly, sesociabed with the iatrusion are a tremendons mume

bep of #1lls which are vemerkebly persisvent {(Plate IV, na. 5). These
sills renge frow o fTew iuches up o elght oy ten FTeed in thiskusus.
Those whish ave abould twe o9 three feel thisk sre mest semmon. Above
snd velow some of these sills whidh Lis %o the southwest of the grenite,
the metemprobics have been deformed by 1ittle dees folds which sve ﬁf'
such e nature ss to indicate intrusion coming from the southwent al
dopth and traveling 18 & sortheasteerdly divection or towerd the contey

af the graniie outerop.

Among the sinpr Intresiye festores i the lentiouiay

snoe of some of the #ills ip the melamewphios. lg this sses, $he mela~
aorphlcs obvicusly have been dlsplaced and nob weplaeed, for the layers
& the Tumoo srkosite can be sesn Bo pinch and swell s they lsp sround
the lenges of vegemetilic ellis. Upon exeminebion of detached blocks
of rock wontaining these 8111s 10 van be shown that the piuches in

the $ills are lovelized pointe, nob ridges &r wevas. Thabt is, in

three dimensions the 8ill &5 ®pulied®, Ilike & guilt formed by piaching

only single polnts bogether.



$> fourth feature of loporianee ie the weet muber of dilkes,
both granitic and pegmntitie, which vcour In the northern vart of the
vange and which ave @%ﬁ%ﬁﬁiy sonnected very closely »ith the origin of
the sills and granitic stock iteelf. Thess dikes do not awpear as

systenstio swarms, bub oriss-cvess the country iz eveyy direction,

{Plate IV, no. 8.} For the most part they are steep-dipving Yo vertical.
ihe facter (1) that the dike reek iw often indistinguishable {n compo-
sition and bextuve from the levcogranite, (2) thst the dlkee Boooms

aﬁ*

tnerensingly atmndant as the lencogvenibe iw nesved, snd (3] that

& outting the E@%@@ﬂfwﬁgﬁ iteelf, arve Intorproted

Lo

dives have been o

a8 evidence thay the souree of the dike muberisl was the loucosranits

Anethey winer Tectbare 13 1he s

mabie felding of

Sueh dikss, though

vary small

ey waleided rocks, ave Bighly irvegilsy in 211

5 veplsosment shanomencn vabher than

the remult of open spnoe filling.

k9 B B % ” - gy N B B
£XL of shose Deslures emphadize e Taots Bhmd

suls the very tep of the granitic intrusion znd assy the tops of the

¢ider inbrusions and that the fesbures herve exposed mighl be fomed

Yhe structoys of the cutlying hills on

L. H, Hetalliferous lsde systems snd iznesus intwmgives.
PAINE, vel. 74, pp. 29-70. 1926,
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ranze Guplisete the acrobatholithic structure of the novth end of the

rahge procisely. Hence, instesd of heing s sepave
Loy EA

5

intruslion, the rocks in thoee hille way sonsiitubs o down=faultad

L

i

gxtension of the sone wlruobure vivoh denlinabes the novthers end af

the gpountain wass,

In the metamorphic rocks of the Csrge Hucheshs Meuntalns
folding dove not vank se & previnent strucharal feature. In faeh,
thers i Wt o single mejor fold ia the whole range, nsmely the broad
wary whieh the Tunee arkosite mekes as it dipe off %o the west and
swuth mway Trom the granite iatrusive in the novih (Plate IV, nes. 1
gnd 2}, There » swing from o strike of ¥ 45% ¥ %0 o strile ¥ 450 2
i8 soread out over tws miles.

Smell drag folds have been noted in the Obfegon Valley, =s
wgll a8 2% mumerous points andersround in the Jwericse Giyl Wine.
The largest oue obwserved in the mine lnvolved a showviening of ounly

%,

two or three fTeed, while the largzest seen in the Field might have

3

caused a shortening of sboud thirty feet. The sigmificanse of thess

drag folds will be pointed vul under the discussion of faulis.

Taults
fheast fanlta.--Thrast foults mark most of the major sast~

Toulde are best ohosrved wnd

A% Insad Tour suoh theasis
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are known iz Tumes Valley: one is kmowa in Ubvegen Vallsys twe ave
believed to coour ln the Madve Valley. Undoubtedly more exlst, pere
hape seme in the northewyn pard of the range and perhare others in the
valleye slresdy oited. The feulie sivile malnly betwesn B=¥ and ¥ 60% 1,
though leesl varistions swing far subside of these limits. Ldkewise,
dipe sre relatively limited, vesging betvesn 20° amd €409 seuth. It
cannot be proven that the movensnt on all thess faulis has been in
the nature of & thrust. Hewevey, dreg folde in the Americsn Givl ¥ine
and small faulte and Aveps observed 1z the walls of the Uolden Uress
glory hole in conjunction with & low angle feult of majoy provoriions
aré indispubable svidenes af thrustine.

o8 Faults.--hmong the wany -8 faults theve ave ab lesnst
twe of major imvorbance. The greatest of these aypesrs as o brosd
vartiocal gouge mone siriking west of north which liss slenz the north-

agst side of the main wounbaln sane,

The ether {mperiant faull of this type lies Lmmedietely %o
the west of Passdena Poak snd say readily be traced &n the valleye snd
aobohes. It strikes aboudt ¥ 289 I and annears to be vortioal, &% is
sharacterized by o shatiorsd sous ten Ho Swenty Fesl wide whieh has

besn subsequently minsralized. The dominant ninerels in the faull

sone are epldelte, Brown calolite, sllice, malachilbe, and Limonits. On
the northwesd alde, the rock iz all bilotite granite, while thet on the
gsouthoast i3 quarts dierite. bearing very dark inclusions. Farther
down the valley to the souihwest, the fault sens cesces 4o mark the

sontact batween these Iwo vook tyves. Likewise, %o the aorihsast the



contuct owings avay from this Fault, Thas the fenlt has dlsvlissed

the Lgpewad conieo bwern the bloblie amd the ouarbs dlsrite,

iveally anaking & foult contech hebwoen the bwo.
From aveal ?%lm%@ﬂﬁﬁh/ﬁ the Tauld is sonsidered of the
strike-slip variety, the west side havisg woved noribwsslwerd affasie
ting the intrusive pontact belwsen the biotite granite and cuaris

diorite. If this hypothesls is corract, a slip of move thas 2000 fest

ig indienbed. The implicstions lwvelved inm such & feult heve & dlrect

heuring on the vroblens conzected wi%h the faw L Wine, for

wall bBlook of the

the blsek whilal wse sovel sovthumy i %he by

ming.

dotnte in %

ia the lgnsous voosks Ythan iy

gysten provails over any ¢
te Be more prominsnt thas sty others: (1) parallel %o the wange ond
¥ ¥

stesply dipping, (2} transverse %o the ranze and steenly dipping,

-

. £3) warisble strilte and very shallow dfp, Ziving 2 bHedded sodis

monbary appeavancs $o the rocks vhere bawd developsd.

To consider the poseibility that the mountaing cwe thelr

elevation te 41fferential evosion would be %o Yring up the whols guestion

of the origln snd structurs of the Basin wnd Jengs Physlozraphic Province.



i

we bhis sonbrovers;

Bldesterpis

»&f««@ R

e

p s &
westi

s
&

dovmbeing 48

4

che ¥

e
i

&3

[

e
gt

fg s

\
he

on o &

4%

%3
=

Loy

&

nromis

e

=
o

anss fanlis

in the »

&

noe vl

e
A

&
B
5
=
&
@
g

%

g
-

ths

dnate, it is probelbl




&k

The processes and the land forms produssd by westhering
and evosion under arid condisions have been smalysed in detail by
Lawnon, Brysn sud others.

Aoproxinstely one mile %o the south of the ranze llcs &

sompaet growp of hills whish are sompletely traversed by vellsve

dreining %o the gsoutb. In a slunllsr mavner, &b lesst one snsll

- guts merthesstyard through the lower Bills wiileh 142 %o Yhe

neast of the meln rangs. Yheee valleys mued beve bBoon slthsy

™

gupsrpeeed or antscedent. Uoupled with this vhenomeunn is the faod

%

that in the southern portion of the vangs the valleys whiceh dvaly

#1
i

the north may be obssrwed %6 bo long, of genile gradient,
Pively open ln contrsst %o the short preciplious stespewslled canyons
desining southward. Harthewmore, the oldsy Sypes of alluvium stend
28 mush ns seventy~five fest shove the pregent alluvisl surfass.

Urorlying this older alluvium ave remnanis of whad may once have been

i

& dingle Flew of basell.

ALL of thess feois nay Do coovdinated by hypobhesials

the stroems floving swey fros the range geingd thely courses on o

5

eover surface of old alluvium or verheps oven on the basali and maine

tained theae same courses s the subjacent rodk was sxposed,
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GEOLOGIC AGE AND COMARLATION

Ho means are at hand for determining the exsct geologic
age of the rocks of the Cargo Muchacho district. The lithologie
units are ainilaw in nature to the rocks of adjacent areas shich
have been deseribed, g.z. Bagle Mountains, Californis, 80 miles to
the northwest,l various mountains of southern Yuma County, Arizona,?
Tinajas Altss, Tule and O'Heil rmgmﬁ fifty milos and more to the
southesst, emd S, H. or Kofa Mountains? sixty miles to the mortheast.

In each case the author oited admlits that his dating of ihe
rocks 18 based upon simlilarisy of rook type and degree of metsmorphism
Yo corresponding features in rocks of lmown date of other areas. In
8o case was 1% poseidble %o dete by paleontological evidense or by
direct continulty of ocularop.

The same lack of sdeguate evidenge as {0 grolegle age pre~
vails in the CUargo Mucahoho district. Accordingly the following babue
lation of geological evenis 18 acocompanied by hysothetical aze

assignasnta,

1. Harder, & 0. Ironwore depesits of the Eagle Mountain, Oalifornia.
U, 8. Geologiesl Survey Bull. BOB. 1912,

2. Wilson, Hldred T, Osology nnd minersl deporiis of southem ‘%‘mzm
Gounty, Abizons., Unie. of Avin.,
driz, Bar. of Hines Dull. 13 1933,

3. 2ryan, Fiyk The Papago Uountry, Arizena. U. B, Geological Burvey,
Waker Suoply Paper 499, »p. 88«58, 1925,

4. dones, B, L. Jr. A reconnaissance in the Eofa Mountains, Arizona.
U, B. Geglogical Survey Bull, 620, p». 155. 1815,
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1. & great thicknese of guartz sandstone and arkosic sande~
stons was deposited, either preceded or followed by the formation of
limestone beds and silty quarte sandstone strata. Probably grﬁ»
Mesozolc. |

2. A series of granitold rocks intruded the area, comwencing
with guartz diorite in the soulh and terminating with leucogranite,
aplite, and pegmatite in the morth. Probably Hesozoic.

3, Hydrothermal solutions accompanying the intrusions
recrystallized the sediments, loocally develeping metsmorvhic minerals.

4. Shortly after the intrusion, the avez was faulted by
thrusts from the south, Selutions rose slong the faults and mineraliszed
part of the srea.

5, Minor sndesitic intrusion. Prodebly Tertiary.

6., Erosion almost to the present stage.

7. Deposition of old coarse boulder elluvium.

8, Deposition of fime rounded jaeper and quartzite pebble
alluvium,

9. Basalt flow. Prebably Quaternary.

10. Zrosion to the present stage and develovwent of cutwash

alluvial deposits.
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ECONOMIC GROLOGY - MITALS

acter of Besouvce

Beneral Chare

Gold is the most important single resource of the reglon.

In the past it has been mined on a fairly large scale. A% present
all zotivity is restiricted to a number of small scale operations.
Copper was produced slong with the gold at the American Girl Mine.

Other mineral products of the district are taley sericite and kyanite.

Structure of the Gold Veins and lodes

The gold deposits of the Cargo Muchacho district are all
confined to the western side of the range., Although some mines ave
located in the far north and others in the far south, those in the Tumeo
Valley region have been most productive. All of the lodes have certain
characters in common., They are 211 tabular bodies, usually associated
with & definite foot wall or a definite hanging wall, but rarely with
both., All but three of the lodes trend east and west, parsllel to the
major thrust faulte of the avea. locally, of course, strikes widely at
variance with this may be found. Dips of the lodes are fairly limited in
their scope. With extremes at 1698 and 529S, most of them lie between

2098 and 4098. The three major lodes which do not trend E-¥ zre the

sasternmost mines of the district, the Pasadens, Guadaloupe, and Cargoe
Muchacho. They all trend roughly east of north and dip steeply to the

east, parallel to some of the major N-8 fmults of the area. Ore yones have



been traced for considersble distance along the strike. Though the
values may pass below sn econopic mining limit the structure conbinues.
The same is true in following the ore st depth. Henee, the structure
at eny rate may be regarded as persietent.

The influence of Fracturing on ore deposition is very im-
portant. Foually aoteworthy ie the close relntinnship between fracture
ing and vook type. Where a wajor fault traverses gronite or ouaris
mongonite, the rock remaing unfractured. On the other hand, & major
fault in the metamorphic rocks or in gquarts diorite shatters the rock.
Though numerous prospects and even mines have been staorted on promising
veins in the granite and in the cuartz monsonite, none of these has
evey proved valuasble. Ivery mine im the district which hasg produced
or is now producing gold on an economic basis oecurs in metamorohies
or guertz dlorite. This influence of fractured country rock is brought
out strikingly in the case of the Carge Muchacheo mine, in which the vein
was exeeedingly rich vwherever 13 lay in guartz diorits. Where the
structure passed southesstward into the guertz monzonite, however, the
valuss disappecred.

A low engle fault, vhether 1% be hanglngz wall or footwsll,
generally forme one limit to the ore., The other limit is ususlly deter-
mined by sssay rather than by any structural festure. BNeverthelsss,
the values seem to be concentrated in a definitely bounded zene. These
zones sre abundantly fractured, although often the feactures are micro~

seopic, The smount of ore ocourring as fissure Filling is nezligible.



Almost all of the ere appesrs to have been deposited by raplacensnt,
slthough, of course, the ore~bearing solutions entered slong definite
fracture channels.

In most of the mines in the district the ore shoots sppéay
to tremd roughly north-south, or northeast-southwest as in the cese of
the Americen Girl Mine. The shoots sre broadly related to zones of

spproximately northesouth fractuves.

Ores
Pwo m&in‘ types of ore are knows from the Carge Muchacho

district. In the more common and more extensively worked, the gold
is free willing. In the second and less coumon type, the gold ie

included in disseminsted pyrits.

Qomposition and Value

Gold (end its included silver) and covver are the only minerals
extracted from the Cargo Muchacho district oree. In the minses from
which free milling gold is obtained the values run from $15. to $150.
per ton. The eopper content in thie sulfide ore mormally more than

pays for freight and emelting charzes on the concentrate.

eralization

L

Hineryalogy
Hineral species which ocour, or are assocloted with, the

matallie ore deposits of the Cargo Muchacho district are listed below.



Brief mention of thelr occurremce is also glven:
Gold: nmative gold Loadt zalena
Silver: notive silver Zinet aphalerite
Coppers chalcopyrite Ganguet quartz
covellite caleite
chalegcite sericite
maelachite biotite
azarite chlorite
ghrysocolls fluorite
cuprite
nztive copper
Irvon: »nyrite
mognetite
heuatite
limonite
Gold occurs (1) as microscopie grains disseminsted through
the country rock; (2) ae wire gold and groins in querte veinsg; (3) as
migroscopic zvains in disseminated pyrite, and {4) us placer nuggete,
groing, and colors. ALl of this gold conteins some silver.
The only silvey in the district occurs as alloyed with geld.
Ghaloopyrite, the most abundant of the copper-bearing minerals,
oceurs sparingly in the Ameriecan Girl Mine. [% wee probably the primery
source Tor most of the oxidised vopper which cen be seen in scattered
puborops all over the dietriet.
~ Among the supergene copper ﬁin&r&la are povellite, chalcocite,
malaehkite, szurite, chrysccolls, cuprite =nd copper, all in minor apounte.

Pyrite is the most abun

dent sulfide in the region. It scours

&8 & primery nineral in veipe and in disseminated deposite.

sgnetite hos been found oceccurring s8 & primary veln mineral
in vory small amounts at severzl isclated spots in the workings of the

American Uirl Eine,
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Hemsatite has been collected as shiny gray mirror-like
plates from a numbey of mineralized veins throughout the whole dis~
trict. It i3 most commonly found penetrating caloite crystals along
thelr cleaveage planes,

Limonite occurs in the oxidized zone whersver there has
been mineralization.

Galens and small amounts of sphalerite have been identified
as vecurring along with chalcopyrite in the ores of the American
Girl Hise.

Quartz is the most abundant gangue mimeral of the whole dis-
triet. It forms the tulk of most of the vein deposits and is an impor-
tant constituent in all disseminated deposits,

Caleite, and much less commonly fluorite, oceurs in minor
smounts as a gangue mineral in conjunction with most of the minerali~
zation in the area.
| Sericite and blotite cocur in minerslized zones as small
fresh looking crystals with subparellel orientation., They alss ogcur
in large micaceous lenticular masses locally along the main fault of
the Americen Girl Mine.

Chlorite 18 gensrally found in the mineralized zone in
veinlets with caleite or guartz, though some of it appears disseminated.

The best opportunity to study the mineralization was provided
by the American Girl Mine. Oonsequently, the remarks in the following



few pages are strictly applicable to that mine only, althpough °

apply in general Yo the other prospects and mines.

Wall rock alternstion

The couniry rock in the American Girl Mine has undergone
coneldersble slteration by minerelising solutions. The eountry rock
has been somewhat sheared but the extent to which this shsaring brought
about mineralogical changes is not grest, except perhaps in the close
prozimity of the shears themselves. This general Wut weak dynamie
metamorphienm may be obssrved persistently throughout the mine. Locally,
especlally along the main fault, shearing stresses acting in combinstion
with & swall amount of introduced materisl succeeded in producing none
persistent lenses of taley sericite,

To a later phase belong the sclutions which produced the
nzjor alterations and metallization. Chloritization and sericltization
are the most important types of alterstion, particularly in the meta-
morphic rocks. Feldspars and some quartz bave also been introduced
into the srkosite. Arveas of alteration of quarts diorite are rare.

Zhe typicel barren wall rock throughoutl most of the American
Girl Mine is green-gray, gemerally fine-grained tut occasionally porphy-~
ritic containing large gray to pink tha&ré of feldspar. The porphyritic
variety of slterstion is best observed im the footwall drift of the
BOO level of the mine. In the hand specimen (C.H. No. 43) the nature
and origin of the rock remains highly uncertain. In thin section under
the microscope, however, this wall rock apresrs holoerystalline and

porphyritie.
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Principel minerals?

Orthoclase, 358, ocours im roughly rounded grains of
small to medium size. | 1% 18 partly sltered to
kaolin and in places very small flakes of seri-
eite have developed im the crystals.

Hicrooline, 16%, small to medium siszed gray grains
which are distinet from the large pink metacrysts
described under alteration ninerals.

Andesine, 3%, appears as small rounded grains scattered
throughout the ground mases,

Quartz, 20%, most commonly occcurs as small rounded
grains. Quartz also ccours %6 2 very small exbent
s sn alteration mineral.

Agcessory minerals?
Includs zircon, apatite, sphese snd topaz.
Alteration minerals:

Chlorite, 8%, is the only important dark mimersl im

the rock.

haracterized by 1ts ultra-blue shuore
mal interforence color, it probably represents the
varisty penninite.

Uieroeline, 4%, oocurs as large pink meiserysts which
replace the earlier mineral graine indiseriminately.
The metacrysts often besr Inclusions of quartz and

socasionally of the less common minersls.
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Guartz occurs in one or two swsll velnlets penetrsting
the microoline metacryets.

Caleite and pyrite are present as a few grains replacing
the country rock.

Sericite and kaolin are developed to a small sxbent
in the feldspars.

The rock was derived from an arkosic sediment, probably iden~
tiecsl with Tumeo arkosite. Hydrothermsl azlteration has changed the
megasoople appesrsnce of the rock considersbly with little effect on
ite chemical oomposition sznd structure. Original dark minevals
{prebstly mostly blotite) have been entively chlovitized. HMicrocline
has been introduced or revorked in place %o form medium to large-sized
niok metacrysts. Hinor amounts of quarts likewise have been introduced
or reworked. A few grains of pyrite and calecite give evidence of the
sotual infiltration of mineralizing solutions. %The sericitization
of the feldepars may have occurred st the time of this later minerali=-
zation. {(There is no proof of the time of sericitization in the wall
rock under discussion. For evidence that sericitiszation may have bheen
closely related to ore deposition, see below.) Xaolin im the feldspars
nay heve been developed either by the sction of supergene ground waters
or by hydrothermal action., OChloritized rock of the type described
above is common in all of the workinge of the mine whether in rich ore
oY Barren woete, whether ipn hanging well or in foot. The degree of in-
tensity of chloritization decresses with increased distance from the

pre~bearing sres.
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In conirast %o the widespread week chloritization of the
wall rock is localized and intensive alterstion to sericite and bioe
tite. This sericite~blotite alteration occurs in the American @irl
Mine only in aress in close proximity to the main fault or to miner
subparallel faults. All of the wall rock which was altered in this
nanney constituted sconomiocelly profitable ore. Perhaps almest half
of the total ore of the mine was derived from these heavily metallized
sericite~biotite alteration zones,

In the hand specimen (C.¥. Ho, 45) the ore appears $o con-

ant euhedral pyrite crystals in a very fine-grained,
darkegray indistinctive ground mass. Numerous fine stringsrs cut the
rock. Under the microscope the groundmass is seen to be holocrystalline
and fine-grained. Apparently none of the orizinel minerals of the
rock bave been left unsltered, exzcept perhaps apatite.

Azcessory minerglsl

Apatite, 1%, ocours in small rounded gm&a#* and is
geattered all through the rock.

Alteration minerals:

Sericite, 57%, makes up the bulk of the groundmass. It
is very fine-greined and almost completely lacking
in any erystal alignment.

Biotite, 307, ocours in small fresh~looking crystals

with subparallel orientation. They are very rarely

replaced or alteved in any way.
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Quarts, 2%, caleite, 4% and chlorite cceur in veinlets
and also disseminated throughout the rochk.

Hagnetite, occurs as a dust disseminated through the
rocie.

Pyrite, 5%, forms large euhedral crystals which cut
acrose the other minerals, replucing rather than
displacing them.

The magnetite as well as apatite may bave been an original
rock minersl, but it must have suffered recrystalliszstion. All of
the other minerals are the products of wall rock alteration., From
the nature of this highly sltered specimen (C.)M. Ho, 45) there is no
elue to the original character of this oro-bearing rock.

Veins

In sddition to the guartz, calcite and chlorite velnlets
whieh penetrate the waell rock, several stromg veins ccour in the
dmerican Girl Mine. A1) of these major veins fellorfaulis slong which
the wall rock is shattered on either side. The dominant vein mineral
is guarts. Pyrite, chaleovyrite, galens and magnetite have Been ob-
gerved in these wim. Vein pyrite is rarely in enhedral erystals,
in contrast to euhedral pyrite in the sliered mil rocks, Perhaps
the sphalerite and pyrrhotite reverted in the concentrates were alse
derived from these melal~bearing quaritz velns. Pink orthoclase and
deep purple fluorite have been occasionzlly noted in veln quarts. lost
conmonly the velns are massive and single, bui ocecasionally they ccour

#s composite velns or lodes. A4 few very thin veins have minor cavitiss
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and ruge lined with quartz and esuhedral pyrite. OUthers coniteln caleite,

Hetsllisation
Along with the waell rock alterstion there were inbroduced
a mumher of metallic elements, mostly in the forw of mulfldes, All
date on metallization was obtained from = repordt by the American
Cyanamid Gamyany;l The flotation concentrsts includes pyrite, chalco-
nyrite, chelooclte, covellits, bornite, sphalerite, gslens, pyrrhetite,
mzgnetite, hematite, Llimonite and sold.

Pable 2. Asasys of the flotstion seacenteste

fmerdean Uyanasid Oo. Gmalier
Bold 5.75 o7, wer ton 5.88 ez, per ton
3ilver 5.5 om. nar ton
Lomey a4, 855 %7,
iron 31.935%
Sulphur RN
Lime
Aluping
Siliece

Insoluble  28.99%

{Hotn: Tho poroentane of copper in both samples
Hoto 3 oy 2
is lower than aversgs. 5% copoer is usual.)

Agsays of the different mesh sizes after soreen analysis
raveals that meed of the values fall inte the minus ZiB-mesh group.
The minus 325-mesh contained 54,74% of the total zold, 70.68% of the

copper, 45.81% of the iron, and 27.81% of the insoluble material.

1. American CUysnamid Compeny. Ore Dressing Laboratory. Hleorosconical
examination of & flctztion gonsenbrate Trom the Asorican
#rl Mine. Private Report. 1836,



Exemination of the flotation concentrate under the micro~
scops showed that the metallie mineral conetifuents occourrsd in beth
free snd locked mineral zraing. Pyrite was the most abundant minersl
constituent:. Most of the pyrite occurred in sppavently free mineral
grains. An eppreciable proportion of the pyrite contained inclusions
of other mineral conatituents, especlally chalecopyrite, sphalerite,
limonite and quarts,

| Of the copper-bearing minerals, sbout 66% wers a&x&lmyﬁm
and sbout 34% weve chaleocite, slonz with s little covellite and

bornite. About 76% of the copper metal content cocurred in apparently

free minersl grains and sbout 24% occurred in locked mineral varticles,
eupboially as mimute inclusions of chalcopyrite im pyrite.

Qoourrences of gold wers noted in free mineral graine snd in
locked vartieles. Locked zold particles 1 %o 30 mierens in dlametery
were most compon in pyrite snd chaleopyrite. fGold was a2lso found
both in limonite and ouartz. The limonite was generally psevdemorphous
after pyrits.

?m panner products and z slime product wers obiained from
& sample of the econcentrate on s Haultain super-panner. These products
were sll assayed for zold, copper, iron mﬁ. ingoluble material. 21.944
of the gold was panned out =8 free gold. The pamer iron concentrate
assayed 6.04 oz, of zold per ton and carried 38,407 of the zold. The
panney copper concentrote amsayed 10.24 oz. of gold ver ton and sarried

17.82% of the gold. 4.10% of the gold occurred in the pamner tailing,
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which assayed 1.32 owx. of gold per ton. In the slime portiom of the
gample was 17.74% of the gold. The slimes assayed 5.33795. of gold
per ton.

The study of the ore wminerals has not been carried far enough
to permit detailed discussion of the varagenesis of the ove minerals.
Since most of ths gold ocours as mimute locked varticles in the pyrite
and chaleopyrite, ithe interpretstion that is placed upon these relaw
tionships (whether inclusion or replacement) will determine in s large
measure ths nature of any hypothesis of parageneais.

A serios of drawings made from vhotogranhs of nolished ssctions
of the ccncantratasl &1&&3@1&@53 the nature of the ocourrence of the
matallie minerals and theiy relationships to sach other {Plate VIII).

Cmitting for lack of evidence, any statenment regaording the
parngenetie relationships of gold snd quarts, thess drawings seem to
show the following mineral paragenesis:

Rarliestt nyrite
ghalogprrite
Latestt sphalerite
Eelationship between wall rock sltersbion,
veins, and metallization

Surrounding the main break and some of the minor breaks of

the American GArl ¥ine lles san sureole of chloritized and feldspathized

country rock. Badiss of rock highly altered to dense fine-grained

1. Aamerican Oyanamid Company. work cited. 1838.



Plate VIII

Length (in microns):
Pyri?"e gmf'n
Gold grm‘n

I35
30

Leng%h (fn mfcron5)=
Pyrite grain 75
Gold grain 6

R N I

Length (in microns):

Gold grain 1

Length (in microns):
Gold grains 20-30

&N

Pyrite
Cha/copy rite

Length (in microns):
Gold grain IO

..

Length (in microns):

Gold grain 20
Gold B Quartz [:]
Sphalerite [Bie Limonite [0

AMERICAN GIRL MINE CONCENTRATES
Drawn from phofomf'crogmphs of polished sections.

American Cyanamid Company report
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masses of sericite and biotite crysiels ocour in shoots end lenticulay
deposite in close association with the breaks. a&ﬁemg& 8ll of the alter-
ation took place in the arkosite wall rock to the west of the Americen
Girl shaft. HNothing beyond o little chloritization ocourved in the
quartz dlorite which lies to the esst. |
Whether these two types of slteration reprssent suceessive
stages or different phases of the seme stage of minerslisation, the
metallization occours dominantly with the sericite and biotite. Hassive

quarts veins, which occasionslly carry inclusions of mericite~biotite

ore, were devosited during the next stage. More pyrite and gold,

aleng with the less common sulfide minerels and fluorite wers doposited
in the quarts veins. The exsot time of deposition of the relatively
unimportant caleite stringers was not determined, though it is sugeested

that they followed the reriod of meiallization.

Origin of the Ures
¥hile some of the materisls involved may have been derived
from the decomposition of the country rock, most of the chemical elements
wers introduced. Purthermore, the source of these initroduced elements
#as probebly a tooling magma. Bericitizatinn, which represents the
most intensive type of alterstion, ie considered to be indicative of

$he alkalinity of the solutions.™

1., Graton, L. G, Haoture of the ore~forming fluld. Zeon. Uecl., vel. 38,



57

The metallization, wall slteration, and veln structure,

as discussed shove are typical of mesothevmsl ore deposite.

dge of mimeralization

. Mineralisotion in the American Girl Mine wss obviously con-
trolled by the main fault and i%s subsidiary faulte. In every case,
wall rock alteratiom 2nd metallization decreases with inereasing dle~
tance from these breaks. Honce the mineralization is nostufmulting,
In several places in the footwall in the lmerican Glrl ¥ine small
sulfide-besring veing have been found cutting pesmetite dikes, Hence,
the ore mineralization odeurred after the popmatites intruded. JIn
the Soverelgn Bast mine of *E‘wwa VYalley the pegmatite dikes are soen
to im offset by the main thrust fenlt in the mine.

From these structursl relationships i1t is concluded that the
ore is post-feulting and the faulting 18 post-pagmatite. m;a peguatites
are known to be the youngest of the ooarsely crystalline rocke. Hence
the ore mineralization 18 younger than the main perlioed of intrusion.
Though at present there is no spparent means of telling how much younger,
it is believed that these mesothermal gold-bearing quarts veins, like
those of southeyn Yume County, ,&z*imm,i pay be of late Mesozele Age.

1. Wilsenm, 2. D, ﬁ%&@gy and mineral depesits of southers Tuma County.
Arizona. Univ. of Lrigons, Ariz. Pur. of Hines PBull.
154, ». 46. 1933,



Distrivution

The alluvial gravels of Jackson Guleh and the Pedve
Hadre Velley ave reported to have ylelded rich returns in placer gold.
Pits and dump piles testify that these twe alluvial areas were tho-
roughly explored and exploited. At the present time there is very
little gravel left whiech hasg not been worked at lecst once.

Gold Content
Bumour has it that these plecer deposits were very rich.
However, no esiimste can be mate of their total yield. Ia Jdackson
Sulch the writer witpessed the dry wasbing of about one-half a cubie
 yard of previously undisturbed gravel. This grevel yielded spproxi-
mately 6,00 in gold, most of whioh was in the form of small relatively
unworn muggeta. Yhe prepondevence of larger pieces wmus probably dus

to the loss of the fine colowrs inm the dry washing.

Peilings
The three major tallings piles of the dlatrisct have all
been reworked to a greater or less degree. The Tumeo tsilings are
being cyanided ia a susll scale a?ara%ian‘z_ Ol tallings and dumps of
the Americsn Girl were extensively milled and conceamtrated by 0'Srien
Hines, Inc. Corgo Muchscho tailinge heve been reworked more than ones.

Holmes emd Hicholason were the lact to operste on them.

1. Qalif. 3itate Hinerslogist's Beport, vel. 34, p. 9. 1938,



MBTAL HINGE
Mines in the Leucogramite

Binerelized zonss socar on faulds in or near motsmorphie
inclusions. The altitude of the faults is varallel to the relie
straoture of the inclusions. The mineralisstion consisis essentially
of guartz veins hearing oyrite, s litile chalcopyrite, specular hoemse
bite and gold.

La Colorads mine, Plate I, no. 1. Hine clalms swmed by
Mr., zad Hre, Hike Muller and Zorl Goff of Sulezics, Tallifownia. The
vein strikes B¥ and dips 30° - 359,

Golden Gueen prospect, Plate I, no. 2. Owned by & Hr. Hiller.
The vein lies on & Flat lying fault of variable strike, which sversges

roughly H¥, while the dip is less than 20° s%,

8 g t
Vol :

liines in the Tumco Arkosite of ZTumoo

Hineralized zones ccour on and near faulls parallel to the
rogionsl structure. Perpendiculay trensverse faults form a minor ore
aontrol, =g in the Golden Cross Mine. Dreg folds in the hanglag well
also loczlized the devosition of the ore, e.g. the large scale drag
folds in the 450 stope and 700 stope of the Golden fueen Mine. The
minerslization consiste of quartz, pyrite, chalcopyrite and gold., In
the past some of these mines were opersted on & very large scale.

Loffee Pot prospsct, Plate I, ne. 3. Bix elaims owned by
Fddie Coffes, 4, k. Hardy, Benry Streud, Wike Olathe, Henry H. fustin,

and Jose Davig., Vein sttitude is HB4%8 13498, A einze hsd bsen sunk



65 feet down the dip in January 1939.

Eing mine, Plate I, no. 4, differs from other mines in this
groay in its steep dip near the surface. The attitude of the main fault
is N72%% s80s,

Golden Cross group of mines now under the control of Thomas
L. Yoodruff of Ogilby hed & total production estimsted at over $3,000,000.
411 were large mines with inclined shafts extending down the dip of the
main fanlt for over 1000 feed, and with many thousands of feet of worke

ings. Ore ocourred disseminated in the hanging wall. All were mined

Golden Qusen mine, Plate I, no. 5. The attitude of ths
footwall is W52%E 2695, Yor workings see map Plate VI, Pegmatite
stringers in the hanging wall are shown in s pleoturé of the shaf$,
Plate IV, no. 6.

Golden Croass mine, Plate I, no. 6. Footwall stiitude is
N57°R 3798,

Golden Crown mine, Plate I, no. 9. PFootwall attitude is
Nge®n 22981

California State Mineralogist's Heports, vol., 12, pp. 240-241, 18931894,
vol. 13, oo, 381, 307230, 1805-96.
vol., 14, pp. 736-728. 1913-1914.
vol. 22, pp. 267258, 1926,

Dreapvey, ¥, Private Beport on the Jlmerican Girl Mine, 19811,

Y. 8. Buream of Mines. U. 8. Department of Commerce.
Mineral resources of the U, 5. Washingbon., 1924~1931.
Minerals yearbook-review. Vashington. 1972-1933.

U. 8. Pureau of Mines. U. 8. Department of Interior. ;
Minerals yearbook-reviews. Vashington. 18933-18939,

U. 8. Geologicsl Survey, Mineral resources of the U. 5.
Vashington., 1882-1823.
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Sovereien wines, east and west, Plate I, neos. 7 and 8, alse
Plate V, no. 4, owned by Thomss L. Woodruff. Total nroduction for
1957-38 over $50,000. The property is still being operated (1940).
Ore cocurs in the footwall under a fault of variable attitude: strike
W72 30°%, dip 200 30°S. In the Sovereign East mine, workings extend
more than 200 feet down the 4ip and over 380 feet alonz the strike.
Free gold occurs in a guartsz vein 20 to 70 inches thick and averages
$10. to $15. per ton.l

Other properties in the Tumco arkosite include Bamner mine,

Delta prospect, and Desert XKing mine,’

1. California State Mineralegist's Heport, vol. 34, p. 9. 1938,
U. B, Buresu of ¥ines, U. 8. Department of Intesrior.
¥inersls yearbook-reviews. 19728 and 1879,

2. Galifornia State Mimeralogiet's Report, vol. 13, pp. 331-332, 189686,
vol. 14, p. 720. 1913-1814.
?&3—. 3&%@ 'ﬁ}:}t &?ﬁg*ﬁﬁés 1%%5.



dmericsn Girl Mine

This mine, Plste I, no. 12, ia covered by sighteen clainms
which slso include the American Boy mine, Plste I, no. 13. The Amer—
ican Girl was recently operated by O'Brien Mines, Ine. Zarly in 1935
these holdings were incorporated with properties controllsd by Sidney
B, Wood, Jr. Yo form Allied Mines Inmc., with Mr. Wood as geneval
nansger. Operation of the mine cessed in the summer of 1979. fn
estimete of the totel produstion of the fmeriscan Girl mine from
July 18936 to May 1, 1932 i1s 119,000 tons of ore mined, yielding
$675,000 in gold, silver, snd copper. Zsrlier production had yeilded:

1892-1900 30,000 tons  $10B,000 gold.
19123-1916 20,000 toms  $131,000 gold.

4 well drilled in slluvium to the southwest of the range
aboul 2.5 miles from the mine supplied wuler for the mine and mill,
(for analysis see Arpendix A). Vater for domestic use was trucked from
Irvin well in Qzilby.

A plen of the undersround workings {Plate ¥I1) shows the
extent of operntions. The ore cecurs on =nd near a thrust fault which
dips 30°8 mesy the surface snd 2608 ot depth. Miner cross faulis
which intereect the meln thrust fault heve locally shattersd the wall
rock ond have determined to = consideradle extent the loeslization of
intenge wall rock alteration snd metsllizsticn. The neture of the wall
rock, wall rock slterstlon. and metallization have been discussed shove.

The Tybo shaft of the mine s shown in Plote ¥, no. 1.0

falifornia State Minerslogist's Feporss, wvol. 13, »n. 331. 1855-86.
: vol. 14, op. 728729, 1913-14.

vol. 22, n. 2BB, 1926.

vol. 34, ». 9. ig38.

Draper, Marshall Private report on the fmerican Girl HMine., 1911.
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The Amsrican Boy mine differs from the American @irl in
distribution of wsllrock types. The entire banging wall consists of
gquarts dlorite; the footwall, of metamorphogsed arkosite. The structure
is similar %o that of the American Girl, but wall rock alteration and
metallization are not so intense.

¥earby properties similar in geology include the Ogilby
group, the Mayata and Englewood slaims, and the Tums and Arizena a&&im}

gy ?& iﬁm
hie mine, owned by Haot Eenison, is located nescr the east
end of Obregon Valley, Plate, no. 14. Digseminated pyrite occurs in a

large quartszitic inclusion in guartz dlorite along a fault which para-

1lels the orientstion of the inclusion. The fsult strikes W7OW
dips 52%5.2

1. Oalifernis State ¥ineralogist's Reports, vol. 14, p. 729. 1913-14.
wol. 22, v. 369, 1928,

2. €alifornia State Mineraloglist's Reports, vol. 14, ». 725. 1913-14.



Hines in Guer

Withia this rock guartz veins occur along minor gemerally
stesp-dipping faults and shear zones. Wall rock alterction in the form
of chloritization is intense in the mines of Madre Valley, Wt is of
limited extent elsewhers, Hematite 1la common. Gold cocurs free or
in pyrite. Although the values are generally spotiy a few of these
mines have Been very productive.

Pasadena mine, Plate I, no. 24. An ore~besring silicified
shear zone, with an attitude of N309E 33%E, has been prospected by
five adits at different levels,l

Cargo Muchacho mine, Plate I, no. 23, was leased and worked
‘;&y Holmes and NWicholson in 1936 amd again in 1939. Quartz veins ocour
in s silicified shear zone 2 to 8 feet wide., Its attitude is approxie
mgaigr ¥4°% 48°B. To the south the mineralized zome erosses the cone
%m& from the gquartz dlorite inte quartz monzonite, Values occur only

where gquartz dlorite is the wall roak. 2

1. California State Mineralogist's Reports, vol. 11, ». 386. 1891-1892,
ke 13; Phe 341 and 343.
;y 18951896,
vol, 22, p. 260, 1926,

2. 0slifornia State Minerslegist's Reports, vol. 6, v». 81, Pe. 1. 1886,
vol, 11, pp. 385-386. 1891-92,
vl 13} BDe ;33%. iagg“lggév
v&l ® 135 :g‘;%}' 333*3%1 1%5"9&»
vol. 14, p. 729. 19513-1014,
vol. 22, p. 2B5. 1826,
voi. 34, p. 9. 12z,
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Blossom mine, Plate I, no. 1B and Plate ¥, no. 2, is an old
property which was reopened in 1938-32 by a2 Mr. Stubbins. The gquartz
diorite country rock is abundantly sheared and highly chloritised.
There are many small gquarte stringers in the mine, but none of them
are persistent. The 200-foot Valencia shaft and several mundred feet
of drift explors a minerslized fauli some with am attitude of H159 «
26% B0%aw. >

Padre and Madre mines, Plate I, nos, 18-21 and Pl:te V, nos.
3 and B, are owned and operated on a small scale by the Holmes and
Hicholaon Mining Company. The ore ocours in or near a dull gray guarts
veln which follows & fuult of wariable attitude. Its striks ranges
from N50%W to MGOOE, Dip remains almest constant at approximately 2495,
A& persistent breccian dike a few inoches to a foot thick occcurs generslly

in the footwall parallel to the vein. 2

1. Qalif. State Mineralogist's Reports, vol. 12, ». 238, 1893-94,
vol. 13, v. 232. 180596,
vol. 14, p. 729. 1913-14.
vol. 22, p. 255, 1826,

Register of Mines and Minerals. 8an Plogo Co., uw. 6. 1902,

2. Callf. State Mineralogist'e Beports, wol. 12, n, 242, 189304,
vol., 14, B 729, 1913-l4.
vol. 22, v. 269, 1926,
vol. 34, p. 9. 1828,
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Other properties in the quarts diorite include Oceidental
mine, south of Pasadens mine; Gray Hagle prospect, esst of Pasadena
mine; and Little Bear prospect, Plate I, no. 22. Gray Zagle, owmed
by C. J. Creese has an attitude of B57°E 36%53. Idttle Bear ie owned
by Boy Bennett and others of Yums, Arizema. It is charscteriszed by &

zone of mumerous small quarts stringers with an sttitude of B60VE
45%3,

& pumber of prospects have been opened in gquartz monsenite
on small veins similar to those which ocour in guartz diorite., Home
of them hse developed into s mwine.

¥hitecap prospect, Plate I, no, 18, five claims owned by
Jd. D. Hortheott, J. H. Willisme, RB. van Patten end B, J. Hanne. Vein
attitude ¥33%¥ B10W.

Tee Wee prospect, Plate I, no. 16, three claims cwned by

Alex Crawford, may represent an extension of the Whitessp vein.
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O6Y - FOMRTALS

ECONQEIC GOl

The non-metallic products of the Cargo Muchasho District
conslel of taloy sericite and kysnite. Though both of these minersls
have bs@n mined extensively in the district, their preduction is
sporadic and follows closely the demands of the market. Five taley
sericite quarries have beoen opened up and two kyanite deposits have
been worked. Most of the production has come from one taley sericite
guaryry and from one kyanite quarry.

| The minerslogy and genersl geology and possidls origin of

$hess deposits have been discussed sbove.

NOMMETAL MINES
Sericite in Tumeo formation

Ocoasionslly near pegmstite dikes in the Tumeo srkosite the

country rock is completely altered to tsley sericite. This gredes out~
ward first into & sericite schist besring large feldspar angen, then teo
a biotite feldepar schist, and finally into nommsl Tumoo arkosite.

A prospect pit in the botiom ﬁf‘#n arroye a few hundred feet
north of the Golden Queen mine and & few g@@raaiaﬁlly scbive guarries,
Plate I, mo. 10, at the southwest end of Pumee Valley sxemplify this

type of cccurrence,

Sericite in the Vitrefrex Formetior

This occurrence of taloy sericite has been briefly described

zhbove., The largest and post sotive talcy serieite querry in the district
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is located on Mleatale Hill, Plate I, mo. 11. 4n éng; cut has been
worked since sbout 1930 by Micetale Inc., under C. B. Lllebrand of
Los &ngeles.

The geology of the kysnite deposits has been briefly dis-
cussed sbove,

Several mmall quarries have beem worked on Migatale Hill
and in its vielnity.

Ogilby Kyanite Deposits, 10 claims owned by Vitrefrsx Corp.,
B0E0 Pacific Boulevard, Los dngeles. 4 large open cut om Vitrefrax
Hill, Plate I, mo. 17, wsupplies an average of 100 ?emm per year of
kyanite. The best ove in the mine averages 40% kyanite. The kyanito
is separated from the quartz by crushing and secreening in the Micatale

#i11, Plate ¥, no. 6.°

1. Oslifornia State Mineralogist's Reports, vel. 13, p. 333, 1805-1806.
vel. 22, vp. 268270, 1926.

vol. 27, pp. 451482,
485-4B7, 1331,

California State Div. of Mines Bull. 99, »p. 87, 121-122. 1828.

Riddle, P. H. WMinerals of the sillimanite group.
?’éﬁgq &E&ﬁ; ﬁiﬂiﬁg #@ﬁ?w. ?@3.1\ lggt e 3@ e iégm 1%32'
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APPENDIX A

lysis of Water from the Ameriesn Girl Well

Dissolved Solids

Bilica ‘ - 1.30 grains per U.B. gal.
Aluminum oxide 0,26
Im oxide 0.01
Uale 24.41
@bgﬁ
82.64
21.18
! 166,82
rmmmm Kone
Biearbonate e

Totel solids 259, 36

Total non-volabtile solids 268, 27

Totel hardness as ﬁa%g 64.74

Hypothetical Jombinations

Silieca 1.30 grains per U.8. gal.
Aluminws oxide 0. 2E
Iron oxide .01
Galeium bicsrbonate 2.84
Caleium sulphate 29.98
Caleium chloride 41.30
Magnesium bicarbonate Hone
ﬁagaﬁﬁwi sulphate Hone
Hsgnesiunm chleoride 5.5
%éhm blearbonate Fons
Sodium carbonate Rone
Sodium sulpbute Hone
Sedium chloride 210.18

Total solids 289.36
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Yeterainations

Carbon dioxide uncombined in v.pum. 2.0
Hydrogen sulphide in p.vn.m. Hone
Bpecific elestric conductance Hot determined
Hydrogen Iocn concentration 7.7
Boron in v.n.m. 0.4
Color {(filtered) Hone
Ddor Hone
Taste ; Baline
Tarbidity (filtered) Hone

SmitheBmery Co. Chemical analysis of water from the Amerienn
Girl well. Private report, March, 1936.
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APPENDIX B

Zell Becords

Location

7168 R2OE Bec 4
T158 R20® Sec 23
T168 RoOT HSee 34
7168 R21Y Bes 26
7168 R2OX See

T16% R20% Ssc

T168 R20% Sec 32
168 RISE Sec 36
1165 H20% Sec 22
%1?% B18E fSee 1
135 H18E Bee 28
7128 RLEZ Bec 24

460
450
310

170
in0
e
165
170
128
350

259

Denth

Flevation Vetoyr
Stands

410
368

¢
110
80

Depth Totsl Sround Type

Water Depth Vater
Struek Well Flsw.

410
%25

B2l

BEQ

50
82
90

of

Waber
Domestic
Saline
Domestic
Domestic
Domestic
Domestis
Domeutie
Domestic
Domestic
Domestic
Baline

Saline



128

PLAE® 11T

Ponovemes looking north from Fassdens Pesk. Kote
Vitrefrax Hill on the extreme left: low lava=-capped
Bill at west end of Obregon Valley; town of Obregon
in the wvalley! round lava~capped hill at east end
of Ubregon Valley.

Panorame looking northesst from g low hill scuthwest
of Vitrefrax Hill, Hote low lava-oapoed hill st wost
end of Ubregon Valley on the extreme lefi: Hicsiale
Hill i1 the ceanter ground; Vitvefrax Hill with the
lerze cut of the Bluebird ousnrry.
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