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ANCIENT FAUNA OF MONGOLIA 
DISCOVERED BY THE THIRD 
ASIATIC EXPEDITION OF THE 

AMERICAN MUSEUM OF 
NATURAL HISTORY1 

ITis a re ry  significant fact in the history of 
palaeontology that the homeland, or chief center 
of evolution or adaptive radiation, of the mam- 
mals dlxring the Age of Mammals and of the 
reptiles during the Age of Reptiles is the very 
last to be explorecl. Beginning with the fii-st 
palaeontological work toward the close of the 
eighteenth century in Europe, continuing with 
the tliorough exploration of Europe and south- 
ern Asia cluring the nineteenth century and 
with the ~vonderful discoveries in reptilian and 
mammalian history in Sorth and South Amer- 
ica from tlie middle of the nineteenth century 
o~in-ard, the homeland was still left untouchecl, 
unexplored, Discoveries in Soyth  America were 
so extensive ancl so rerolutionary that many 
thought the homeland had been revealed in our 
p e a t  veste ern fossil beds. Positive claims were 
advanced by Ameghino for  Patagonia as  tlie 
l~omeland of proboscidea and primates. As a 
residnum of these discoveries in the western 
hemisphere, it  p r o v e  true that several orders 
of matnmals did originate in the Americas, but 
the ancestral stock from which these orders 
radiated was still to be found. Speculation 
11-avered between the northern hemisphere ancl 
the -;onthem hemisphere and some zoologists 
advocated both hemispheres in so-called bi-
polar theories. Thus sprang up  t.wo new 
branches of science-Paleogeography and 
I'aleometeo~ology-centering in more or  less 
inductive and cleclucti~e schools of thought. 

I11 1889 tlie New P o r k  Academy of Sciences 
adopted a new rule, namely, that its presidency 
should be held not fo r  long terms but for  two- 
year terms, and a new condition of the presi- 
dency was the preparation of a serious presi- 

1 ,!cldress t o  the New York Acadelny of Scienc~es 
a t  n special meeting May 21. 1923. 
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dential aclclresa. In accepting this I-esponsihil- 
i ty and honor the ~vri ter  took the task very 
seriou~ly, i,etirecl to the most seclnileil spot in 
the .lmei.ican lIu>enm, name]>-, the sistli f l o o ~  
of the boutheaht tower, and, aii1t.d by hi3 col- 
league, TTilliam I<. Gregoi-y, bcgaii to attack 
the prohlem of tlie hon~elanrl of tlie ~nammali.  
The results of two very hard years' ~i-orli were 
ileliverecl in tlie two successive \)-inters of 1809 
and 1900 anrl published by the academy j iz 

1900.* 111 these aclcl~~essestile snccession of 
mammalian life in ~veatcrn Eii1301w ax stutlicd 
by Cha~rles Dephret was fol. the first time corn- 
l ~ a r e d  step hy step with the succession of mam- 
~naliarl life as linolvn in North America. Pal.-
allels previously drawn, especially those of 
Edrraril 11. Cope, -\ve13e pointetl oiit; otlicrrs \velae 
adtlcil. I t  nay founil that there -\vai remarlcahly 
close ~ve~eml~la~lce  t l ~ e  life Ilistory between of 
Europe arid that of the Rocky JIountain region: 
there are  some interludes of separation, but 
in  the main there are longer prriods of affinity. 
Co~~scc~uently $en-we con firmed Joel A .  ,Illen's 
ei.alization that Sclatel.'~ division of the noyth- 
r1.n helnitphere into Pa1acarctic.a alicl Nearctica 
s110111rl he uilitecl into a yinglc liolarctic province 
and proved that Holarctica extendeJ hack a, 
fa], as the Lower I3ocene periocl of the Age of 
N a m m a l ~ .  

that Africa must hare heen an inlportant and 
indepenclerit center of lnamnlalian eroliltion 
(luring the -\vliolr period of the Age of Xam-
mals; becond, that in Afi-ica there probably 
originated four great orders of mammals. 
ilamelp, the P~.oboucidea, the Hyracoidea, the 
Sirenia and the ancient whale.;, ,Ircliaoceti. Of 

2 1D00.182. The Geologicnl t ~ ~ i dFaunal Re-
lations o f  Europe anti -41nericx during the tertiary 
periocl :~nd the t11eol.y of the snceessi~-e i~irasioi~s 
of all African fauna. Scie~lcr,X.S., Tvol. si, Xo. 
,713, Apr. 13, pp. 361-374. 

1900.187. Correlation between ter t in~yiilniii-

ma1 horizo~~s of Eiirope and Aniericn. ;In intro-
iluctjon to the more exact investiyatioii of tertiary 
zoogeogrnl~h>-. Prelimiirary study with third t ~ i n l  
sheet. . . . Presidential adcli~css before S .  Y. 
Academy Sci. delivered Febsuarx 20, 1900. Wit11 
a list of the author's scientific publicatioi~s,1 S i 8 -
1S99, sppendeil by rlireotjo~iof the Coul~cil of the 
A%cadcn~y.i i n r z .  N. F. Acctd. Sci., Tol,  siii, So.  1, 
July 21, 1900, pp. 1-72. 

these, traces of Sirenia ancl tlic ancient -\vhales 
hail already beell found. TITO Sears later this 
goiieralization Ivas confil-mecl by tlic ilibcovery 
of Reacinell and Andrew.vb in northei~n Egypt  of 
lie anceitors of Prol~o~ci i lea and of the H y - a -  

coiclea, nanielg, primiti~-(> ant1 primi- ma.totlont 
ti,,, coneys. 

Tlie th i i~ l  gc.nc~~alieativ~i was of el-cn a Inore 
sirceping chii1~ac:tcr a1111 lliiil 1)crli i~cliunl)ratetl 
more or 1e.d c lca~lyb?. nlillly zooloyi>ts anct 
palacontologists from tlie time of Buffon; it was 
that tlie chief llorneland of the manimals \vas 
not in .lfi.ica nor in so11t11c1-11 A d a  noi3 in 
Eai*oprt nor in either of the .2n1ttricas, but ill 

the mlcsploi*ecl regions of the roof of the n-o~lil, 
namely, of tlie central plateail3 n o ~ t l i  of the 
Hiinalaya~. Theqe t h i l ~ l  anrl fourth gencrali- 
zations are expressed in the palcozoologic map. 
A similar theory was advocateds ~ ~ h s e q u e n t l ~  
by .J. L. Tor tman  and \\-as set forth ~vitll very 
g e a t  fullness by William D. 3fatthe1v in his 
yell 1;no11-n paper published by tllc academy. 

H o ~ v  fiir this succesuion of adtlresses and pa- 
pers fired the imagination of Roy Cllapmari 
i\nil~se~\-s.I(-(. do not ~IIOTI-, lbat it  may be cleaily 
stated that thr chief object of the Thirtl Asiatic 
Expedition was the e x p l o ~ a ~ i o nof the 1111-
laio~\-nroof of the ~voi.l(l. The results haye fa13 
surpassed our fondest hopes. F a r  no re tllall a 
neiv chapter-a new col,un7e-has 1)een ol~ened 
LIP in tht. history of the earth. Crntl.al Sfon- 
golia p o r e s  to he the lion~elanrf not only of 
the Jfllamwznlin l ~ u t  of the Rcptilin as \\.cll; a 
single year'.; work (1022) t1cmonst1-ates tlliq? 
and the present season of 1023 -\\.ill confii.ln 
aiirl extc?nil i t  and will, we hope, I-eveal the 
nlaminals of the basal Eocene and upper Cre-
taceou. as yet uniiiscovei.ec1. Roy C l ~ a l ~ m a t ~  
-4nclre1~9, leader of the rxpedition, war pre-
pareil for  his very responrible ta,k hy s e ~ e r a l  
p ~ ~ c c e d i i ~ g  Tlleyears of cxploi-atioil in China. 
trrritoi-y he explorer1 in 1922 had bee11 crossctl 
1-9- Raphael Pumpelly in 1862-65; 11y Kicht- 
hofcii in 1877, who named tIl(3se Tertiaries the 
Rban-I<liai 1)ecls; by Obrutcher in 1892-94, ~ v h o  
appliecl the name "Gobi Series" to tlie telntiary 
sotliments; and by Cliernov in 1008. 

-4. developer1 in China, the t indeslyi~~g sei*ies 
of i~ocks, fi<om the Ju~.assic clo\vni\-arcls, had 
l~een described by von Richthofen and late^ 1)y 
Bailey Ti-illis in his researcher ill China of 
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1907. Our geologic party found a great uncon- 
formity separating the folded sediments of 
Jurassic and earlier time from all of the desert 
basin sediments; after the Jurassic period the 
marine sediments of the roof of the world 
ceased. Above the Jurassic and also above the 
Great Unconformity, sediments are entirely epi- 
continental-this Cre taceous~ l ' e~ t ia rycontinent 
constituted the  homeland of the  chief orders o f  
reptiles and mammals!  

The series underlying the Great Unconform- 
i ty  from the Srchean to the Jurassic had been 
recognized by T?*illis in China, and that pioneer 
work was of great help to the geologists of the 
expedition. The Nan-K'ou Series of China 
seems to be continuons aci,oss Jlongolia. A 
great bathylitn was f o u ~ l d  by our party invad- 
ing these older metamorphic rocks and exten- 
sively exposed by erosion. I t  is on this com-
plex erosion floor thst  all of the later Creta-
ceous-Tertiary strata were laid down, some of 
which were again swept away by the Post-
Jurassic interval. The Later Mesozoic and Cen- 
ozoic sediments of illongolia lie upon the pene- 
planed surface of this complex of old deformed 
rocks with its Great Bathylithic Invasion. This 
is a wide contrast to conditio~is in  the Rocky 
Mountain Plateau region of America, wheye 
marine sedimentation continues to the very 
close of the Creraceous and the Tertiary sedi- 
ments overlie either the Cretaceous or the 
Jurassic. Above tlie great Post-Jurassic uncon- 
f o m i t y  ten new formatioiis were discoverecl by 
our expedition and more or less clearly distin- 
guished from each other by their vertebrate re- 
mains, according to the field determinations by 
Granger and Berkey. Four of these are in the 
Cretaceous, two rat the confines of the Eocene 
and Oligocene, three in the Miocene, one in the 
Pliocene. 

The only precedent to the magnitude and nov- 
elty of this reconnaissance in  the geologic his- 
tory of the arid regions of the world is to be 
found in the early surveys of our own western 
territories by Hayden a s  geologist-in-chief, 
I-Iolmes as topographer and h i d y  as vertebrate 
paleontologist. 

SUM3fA4RY OF FOURTEEN W E W  POSSIL-BEARING 

POlZMdTIOSS DISCOVERED 

Zones. 
1. 	 Pleistocene. An erosion epoch. 

2. 	 Pliocene. Cervus (Elaphns?) zone. DP-
termined August 27, 1922. 

2. 	 Miocene. Not yet defined by determina- 
tion of fossils. 

2. 	 Middle Miocene, Houldjin, Hsanda Gol, 
Balzlckit l~eriwnzone, in  two localities, B. 
gralageri. April 30, Sugust  6, 1922. 

1 	Upper Eocene, I rdin Manha. Proti tan-
otharium zone. P. mongoliercse, April 27, 
1922.=Uinta Beds of Utah. 

1. 	 Lower Eocene. Fossils not ideniified. Sep- 
tember 14, 1922. 

1. 	 Upper Cretaceous. I ren Dabasu dinosaur 
beds.=?Ceratops, or Triceratops Beds of 
Nontana. April 25, 1922. 

2. 	 Lower Cretaceous, Dja-doch-ta. Proto-
ceratops zone. Ancestors of the Ceratop- 
sia. September 2, 1922. No equivalent 
in PIT. America or Europe. 

1. 	 Jurassic. Plant  remains. 
1. 	 Permian. Marine invertebrate remains. 

September 7, 1922. -
14 	new life zones. 

The geologic personnel of the expedition in- 
cluded Charles P. Berbey as chief geologist; 
Frederick I<.hiorris as geologist and topogra- 
pher;  Walter Granger as vertebrate palaeontol- 
ogist. The entire personnel under Leader An- 
d r e w  inclnded a party of twenty-five-eight 
Americans, eight Chinese, nine Mongolians. By 
means of a train of seventy-five camels and two 
freight and three light aulomobiles, a three 
thousand mile reconnaissance was made be-
tween April 18  and September 20, 1922, when 
the party returned to Peking. The work was 
greatly aided by the Geological Survey of 
China, now under the management of Dr. V. 
Ii. Ting, honorary director, and Dr. W. H. 
TArong, acting director, with headquarters in 
Peking. On reaching the confines of Mongolia 
Berkey and Morris began a systematic and con- 
tinuous route map and geologic cross section, 
which was carried throughout the whole $in- 
erary. These studies early in the work deter- 
mine the major structural and formational units 
and locate the major ~mcoi~fo~-ini t ie i  and other 
physical changes. The great Post-Jurassic un- 
eonformitg, the Pre-Jurassic unconformity, the 
lerser Post-Cretaceous unconformity and th,e 
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Great Bathylithic Invasion were one after the 
other definitely distinguished. 

The itinerary of the geologic party and 
s e ~ i e s  of discoveries are briefly stated by Pro- 
fessor Berlcey as  follows: 

Left Kalgan April 21. Welit into camp at  
Iren Dabasu after finding rhinoceros jaw evening 
of April 24. First dinosaur bones found at  Ireii 
Dabmu morning of April 25 hy 3e.ckey 1:efore 
breakfast. Camp was dividecl April 26,  lenviag 
the gcologic group, 31orris) Granger ancl Berkey, 
at Ire11 Dnbasu, giving special attention to the 
collecting of fossils. First finds cf Titallotheres 
and other early Tertiary fossils by Granger a t  
Irdin 3lanha April 27.  Sddition:il finds made at  
Irdin lifanh2 by the geologic group May 2. First 
Balnchitherium boues found at  Houldjin in the 
vicinity of Iren Dabasu, April 30, by Berkey. 
Geologic group stayed at Tren Dabasu ulltil LIay 
7. Bnsin later referred to as Tsagan Xor Basin 
was entered first at Xt. Uskuk June 21 by tha 
mhole party. Firs: exploratory trip to Loh 
June 22 bg the group, recovery of a fern frag- 
ments of  bones. Discowry of  dinosaur bones and 
fossil insects aad fossil fish June 26 in the O~ldai 
Sair locality by Berkey and Morris. Three great 
colloetlocs of Later Tertiary fossils judged to be 
of SIiocene age made by Granger at  Loh in the 
Hsnncla Go1 formation June 27-August 3. Dis-
covery of Baluchitherium skull at Loh August 4 
or 5 by Granger and Wong. Discovery of stag, 
mastodon, et,c., judged to l ~ e  of Pliocene age in 
the I-Iung Kureh district July 27 by Berkey. 
Whole group made collections later. Left the 
Tsagan Nor Basin August 13. Discovery of dino- 
saurs in the Ashile District by Granger August 
20-27. Side trip to the Gurban Saikhall across a 
new basin by Morris and Berkey August 19-27. 
Discovery of Protoceratops by Shackelford at 
Dja-doch-trt. September 2. Additional collections 
by the whole party. Discovery of Paleozoic strata 
~7ith Permian fossils September 7 in the Sair Usu 
district by Berkey and Xorris. Discovery of 
Ardyn Obo fossil-bearing beds September 10. 
Collections by the hole party. Discovery of 
Eocene forms in the sedimentary beds of Shara 
IvIurun by Granger alicl Alidrews September 14. 
Discovery of fragments of bone in the sediments 
at  the edge of the 3Iongolian plateau above Kal- 
gall by Berlrey September 19. 

The firat fossils brought back by Mr. Shackel- 
forcl, photographer of tile expedition, included 
the three great c1isco~-eties of the season, namely, 
(1)a superb B~l~~c i i i t l~e r iumskull found east 
of the Altai 3110untains, which is now being 

fully described by the ~vr i te r ;  (2) a complete 
slrnll of P~otocerutops,a pre-dentate dinosaur, 
ancestral to the giant Ceratopsia, just described 
by William K. Gregory; (3)  jaw of Psotitnn-
oti~eriunz,,which will shortly be described by t,he 
writer in Anzerlcun JZuseum Novl:tates. The 
main shipment of the Xongolian collect,ion has 
just reached the American Museum and in-
cludes nll the fossils collected on this very 
rapid reconnaissance. During the present season 
the same beds are being visited by a strong 
collecting party and already reports of addi-
tional discoveries of importance are reaching 
the mv.seum. 

EIEKRT 1 7 ~ ~ ~ ~ ~ ~ i J ~OSBORN 

SOME EXPERIMENTAL STUDIES ON 
THE CENTRAL NERVOUS 

SYSTEM1 
ONE of the great contributions of the last, 

century to the field of biological science T a s  
the application of experimental methods to the 
study of development, and the factors underly- 
ing the production of individual struct,ure. 
Though many of the fundamental facts of em-
bryology lvere known, the coinplevity of the 
factors which operate during the process of 
development was so great that further prog- 
ress could be accomplished only by segregating 
or isolating certain structural units and by 
changing intrinsic and extrinsic relations to so 
modify the conditions of development that 
some tentative answers could be made to the 
question of causation in development. 

One of the interesting problems in nervous 
embryology has been : What ma!:es neuro-
blasts differentiate into neurones? and a s  a 
corollary to that, Why do neurones, whose 
cell boclies lie in a certain region, grow over 
a definite pathway and establish connections 
with another group of neurones so that they 
may 1:ccome par t  of a complex chain of.nerv- 
ous units? 

B? experimental methods, Dr. Harrison has 
sho~vn clearly that neuroblasts will develop into 
neurones when isolated from many of the nor- 
mal environmental factors. Primitive nervous 
tissue from the central nervous system of the 

1 A paper read before rhe Tri-State JIedical 

Society in New I-Iavcn, April 19, 1923. 



