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green sands a11d clays. 83 Darton in 189884 chose as his type section 
for the Chadron formation the area around Chadron and Crawford, 
Nebraska, and stated that the lower part of the Chadron is red. This 
was confirmed recently by a visit to Darton's localities under the 
guidance of Mr. C. Bertrand Schultz of the Nebraska State M useun1. 

Therefore, since Schlaikjer's ''Yoder formation'' is lithologically 
similar to the lower part of the Chadron at its type localities, there is 
no lithologic evidence in support of the contention that it is a sepa-

• 

rate formation. 
As no fauna has ever been collected and labelled as coming defi­

nitely from the red lower beds, either in South Dakota or in Nebraska 
(except for the almost useless group of scraps discussed in this paper 
as ''Fauna of the Lower Member''), Schlaikjer cannot compare his 
fauna with the fauna of the type section, and so can have no fauna! 
evidence for supposing that the ''Yoder'' is pre-Chadron rather than 
merely early Chadron. 

Therefore, in view of the lithologic resemblance to lower Chadron 
beds elsewhere, and the impossibility of comparison with lower Chad­
ron faunas, I regard the beds described by Schlaikjer under the name 
''Yoder formation'' as Chadron until proved otherwise. 

The comparison of lower Chadron red sediments in South Dakota 
vvith those in Nebraska and Wyoming, given in the preceding para-

• 

graphs, must not be construed as an attempt at correlation. The rela­
tive ages of the ''lower'' and ''upper'' portions of the formation in its 
various areas of exposure are not known ; Ii thologic si1nilari ties in the 
stratigraphic sequences are interesting and suggestive, but nothing 
more. 

INTERPRETATIVE SUMMARY 

The following brief interpretation of Chadron history is founded 
upon the evidence presented in the more or less unrelated chapters 
on stratigraphy, lithology, structure, and paleontology. It is offered 

Hatcher, J. B., The Titanotherium Beds; Amer. Nat., Vol. XXVII, 
1893, p. 206. 

(b) Wanless, H . R ., Stratigraphy of the White River Beds of South Dakota; 
Proc. Amer. Philos. Soc., vol. LXII, no. 4, 1923. 

B4Darton, N . H ., Preliminary Report on the Geology and Water Resources of 
Nebraska West of the. One Hundred and Third Meridian; U . S. Geol. Surv., 19th 

Annual Report, Part IV, 1897-1898, p. 736, 7 59. 
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in order to disclose the unity and sequence of depositional pl1enomena 
which the disjunct data reveal . 

Following the Laramide revolution, Red River flowed southeast­

ward from the Black Hills, south of Sage Ridge, which formed the 
northern border of its drainage system. During the Paleocene, Eocene, 
and perhaps part of the Oligocene, it cut a wide, flat-bottomed valley 
thro,ugh the soft Pierre shale, leaving behind local meander or tribu­

tary channel fills of gravel and white clay, hanging above the lo\v part 
of the valley bottom. Chemical weathering, under the prevailingly 
warm, humid or subhumid climatic conditions, produced the ''In­

terior'' weathered zone of the Pierre, with a red upland topsoil. 
A sudden change, probably either an uplift in the Black Hills or 

some climatic change, caused Red River to cease cutting its valley 
and to begin to fill it rapidly. The overloaded stream brought in masses 
of gravel, then greenish and gray sands and red clay, and filled its 

valley to the level of the top of the valley wall . As it built up, the 
current ran . more slowly and less coarse material vvas deposited , so 

the last few feet of sediment were fine clays spread over the alluvial 
plain, which stretched from valley rim to valley rim. Deposition 
ce_ased for a while when the former valley was completely filled , with 

the exception of precipitation of calcareous mud in local ponds on 
the alluvial plain. During all this deposition, relatively few bones 

were buried due probably to conditions unfavorable for their pre-
• servat1on. 

After a short period of non-deposition, and even of slight incision 
in its own deposits, Red River , free now to meander over its alluvial 

plain a11d over the former upland, began depositing again . The change 
from non-deposition to deposition was due either to stream captures 

in its headwaters, to climatic changes, or to rene\ved uplift in the 
Black Hills. This time it entombed within its greenish sands the 
bones of innumerable Titanotheres, especially · during the first brief 

part of the depositional cycle. Wandering over its everbroadening 
alluvial plain, untrammelled by valley walls and ever building higher 
to,vard the side of Sage Ridge, it laid down a complex series of green­
ish sands and clays. 

A sudden, sharp diminution in the amount of water traversing the 

area, and possibly even a short time of non-deposition, brought to a 
close this stage in the depositional history. The swamp-loving Ti­
tanotheres decreased almost to extinction; the Archceotheres and trt1e 
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rhinoceroses also practically disappeared. In their place came a fauna 
. 

characteristic of open grass-lands and local, restricted woodlands. 
Red River, probably split into several widely spaced and shifting 
channels as it had been before, slowly deposited thirty feet of fine. 
clay over its earlier sediment, leaving sand only in the immediate 
channels. 

Meaii"rhile, Sage Ridge had been buried and transgressed some­
where northwest of the area under observation. A very sluggish, 
swampy river from the northwest, more a connected train of lakes than 
a river, flowed southeast,vard over the present course of Spring Draw, 
then turned eastward and mingled its sediments vvith those of Red 
River. Within its course it left a series of very evenly banded, calcare­
ous, ash-filled sediments; its clays were bluish-gray and greenish, 
rather. than buff as were most of those " 'hich Red River was carrying 
at the same time. 

Finally Sage Ridge was completely buried. The two streams slowly 
covered its highest hillocks with a few feet of clay, and then ceased 
depositing, at the end of Chadron time. Thus the Chadron may be 
considered a single great depositional cycle, with coarse sediment pre­
dominant at the bottom and fine at the top, composed of two sub­
cycles, the Lower Member constituting the first, and the Middle and 

' 

Upper Members the second. 
The locality cited by Ward as showing an angular unconformity be­

t\veen the Chadron and Brule gives interesting evidence of a mingling 
of sediments from two sources, continuing the drainage conditions of 
the Upper Chadron although with sediments different lithologically. 
The basal Brule of the Indian Creek-Corral Draw area is the typical 
rusty to buff Lower Nodular; differing from the Upper Chadron clays 
chiefly in the amount of cement, as Wanless has shown. Starting in 
Sage Creek drainage basin and continuing southeastward from there 
over all the area around Conata, Interior, and eastward, the basal 
Brule member is the red clay already described. The outcrop which 
Ward figures, as I mentioned in the section on structure, shows clearly 

. 
the interfingering of buff clay from the west and red clay from the 
northwest. 

Certain objections to the stratigraphic subdivision proposed in this 
paper, and hence also to the paleogeographic interpretation given 
above, should be mentioned. 

First, it is impossible to separate the Middle and Upper Members 
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east of upper Cain Creek and Bear Creek. However, as the easily 
divisible sections west of there are abundantly fossiliferous while 
the clays of the eastern area are almost totally barren, this does · not 
damage the usefulness of the subdivision. Also, slow and intermittent 
clay and limestone deposition on the alluvial plain, away from the 
main course of Red River, during most of Middle and all of Upper 
Chadron time would produce just such an indivisible clay series as is 
present. Therefore, the paleogeographic interpretation is apparently 
consistent with the facts . 

Second, there are at least two places where the subdivision is not 
sa ti sf actory. 

At the head of the north branch of Indian Creek, near Hart Table, 
Titanotheres occur abundantly to within fifteen feet of the top of the . 
Chadron. It would be perfectly justifiable to point out tl1at over a 
plain of fluviatile deposition many square miles in area a topography 
of 10-15 feet is to be expected, and hence the Middle-Upper contact 
should rise a few feet, causing thinning of the Upper, in places. Never­
theless, I prefer to let this stand as an anomalous situation and say 
that I do not know how to interpret this particular restricted locality. 

In the valley of Spring Draw, as mentioned before, there is another 
anomalous section. The division into three members is perfectly 

• 

definite and, by assuming that deposition of the banded sediment con-
tinued into lower Brule time, the section can be brought into agree­
ment with the rest of the paleogeography. Once more, however, it 
seems better to admit that I do not understand the section than to 
make it fit by means of an assumption which , however plausible and 
possible, is not supported by evidence. 

Finally, Titanotheres occur abundantly within eight feet of the 
Chadron-Brule contact, in a pocket about six miles southeast of In­
terior. This area is close to the base of an extension of Sage Ridge, and 
there is no indication that the immediate valley of Red River lay near 
by to the south; it may have been several miles away. The Middle 
and Upper clays are indistinguishable here, the whole Chadron sec­
tion is only twenty to forty feet thick, and deposition was probably 
very ''spotty,'' with areas of Middle clay never covered by Upper 
clay, etc. This indivisibility of sediments in the eastern area has been 
admitted from the outset; as I have stated above, it does · not neces­
sarily invalidate the subdivision or the paleogeography. 

The evidence presented in the foregoing study intimates that the 
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general course of fluviatile deposition may, under certain conditions, 
be divided into four stages, recognition of which might be useful in 
studies of other areas. These stages represent youth, maturity, and 
old age in the progress of deposition , even as certain assemblages of 
degradational features represent youth, maturity, and old age in the 
cycle of erosion. Age terms will be avoided in relation to the deposi­
tional stages, however, in order to preclude possible confusion with 
erosional stages in future discussions. 

The first depositional stage consists of the deposits which fill the 
lakes and hollows characteristic of a youthful drainage system. It is 
characterized by extreme discontinuity, generally by trenching with 
deposition of younger sediments in the channels, and by a high degree 
of evanescence. No deposits of the first stage have been recognized in 

~ 

the Chadron. 
The second depositional stage consists of typical alluvial plain de­

posits, extending from the bottom of the valley upward until deposi­
tion covers the rim of the valley walls. Obviously, deposits of this 
stage are limited areally by the valley walls, and consist of a mixture 
of foreign and locally derived material . This stage constitutes the 
Lower Chadron. 

The third stage includes deposition from the level of the rim of the 
valley wall ttpward to the level of the crest of the divide. Depending 
upon the topography and relief of the old upland, deposits of the third 
stage may vary from appreciable amounts of locally derived material 

• 

to little or none. The deposits are much more widely spread than those 
of the second stage. Dt1e to sheet flooding and desiccation, concre­
tionary zones are frequently developed. The Middle and at least part 
of the Upper Chadron represent the third stage. 

Following burial of the crests of the divides, flood waters from dif­
ferent drainage systems spread their sediments of the fourth stage upon 
the depositional plain. These sediments, of course, contain no locally 
derived material. They show an admixture of material foreign to the 

' 

drainage system which deposited the sediments underlying them. 
Part of the Upper Chadron and probably all of the Brule are fourth 
stage deposits. 

The division into four stages is suggested with the hope that it may 
be of assistance in the interpretation of other Tertiary sediments. 
In any study, the order of succession of beds must be established on 
stratigraphic and lithologic grounds before the fossils contained within 

I 
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those beds can be arranged into accurate phylogenetic lines or can be 
used for regional correlations. Use of the division has permitted more 
detailed work within the Chadron than had been done before. It is 

possible that certain other favorably situated Tertiary formations 
might yield delicate determinations upon application of the same 
technique. 

Obviously, continued uplift, several sources of sediment, absence 

of an appreciable basement topography, and other factors might 
absolutely preclude its application. Also, in the absence of good ex­
posures, it might be impossible to know just when a divide was trans­

gressed, etc. However, the difficulties of unravelling flqviatile de­
positional history are so great that suggestion of any once-tested 
method of attack seems justifiable. 

CONCLUSIONS 

(1) The A, B, C, levels of Hatcher and Osborn are inapplicable. 

(2) The Chadron of the Big Badlands is divisible into Lower, Middle, 
and Upper Members, as characterized in this paper. 

(3) The Chadron may be considered as including the sediments re­

presenting one major sedimentary cycle, with two subcycles, the 
first consisting of the Lower Member, and the second of the 
Middle and Upper Members. 

(4) There is both f aunal and Ii thologic evidence of a change toward 
Brule environment duri11g or before Upper Chadron time. 

(5) The fauna of the Upper Member is a mixture of forms related to 

the Montana and Saskatchewan faunas and forms related to the 
• 

Brule, best interpreted as somewhat younger than the ''Titano­
tl1erium Beds'' of Montana and Saskatche,van, and appreciably 
older than the Brule. 

( 6) Several species from the Upper Member are very closely allied 
to forms from the Phosphorite of Quercy. 

(7) Parictis is probabl)1 ancestral to Phlaocyon, and is related to 
Cynodon and Pachycynodon. 

(8) Mustelavus mav be ancestral to the Miocene and Recent lVIus-
• 

telinC£, and is related to Plesictis. 
(9) The progress of fluviatile deposition, under certain conditions, 

may be divided into four stages, recognition of which may prove 
useful in interpreting the history of a group of sediments. 
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TABLE I . 

HATCHER'S STRATIGRAPHIC TABLE 

(Published in The American Naturalist, vol. 2 7, 1893, page 218.) 
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Characterized by Titanotheriidce of large size. 
' 

elliptical to sub-ovate in cross-section. Nasals 

H orns 10-18 in. long, 
very short and pointed. 

Incisors never more than 2. Internal cingulum on upper premolars not 
strongly marked in either sex. Posterior inner cone on last upper mola r . 
Third trochanter present. T rapezium absent. General form of skull 

shown in fig. l. 

Characterized by Titanotheriid<E of medium size. Horns 4-10 in. long, 

circular to subtrianguJar in cross-section. Nasals of moderate length, 
with broad or pointed extremities. Incisors never more than 2. Strong 

internal cingulum on upper premolars of males only. Posterior inner cone 
on last upper molar. Third trochanter present. Trapezium abse11t . 

General form of skull represented in fig. 2. 

Characterized by Titanotheriidce of small size. Horns rudimentary or 

from 1-4 in. long, circular in cross-section. Nasals long and pointed. In­
cisors occasionally as many as 3. Strong internal cingulum on upper pre­
molars in males only. No posterior inner cone on last upper molar. 
Third trochanter somewhat rudimentary. Trapezium present in earliest 
forms. General form of skull shown in fig. o. 

Represented by various formations from Laramie to Archean. 

NOTE-Hatcher's figures are not reproduced here. 
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TABLE II 

DATA GIVEN BY OSBORN ON SPECIMENS STUDIED BY HIM 

Height above 
Pierre-Chadron 

Page contact Level of 
reference Specimen Species (feet) Range1 specimen2 

Allops B3 . 

114 USNM 2151 serotinus 80 C? B (lower) 

" USNM 4251 " 77 " " 
Brontops 

" USNM 4259 brachycephalus 55.6 A A or B 

" USNM 4258 " 71. 4 A3 B (lower) 

" USNM 4947 " 14 .4 A A 
Diploclonus B 

" AE 327 tyleri 35 A? " 
Megacerops B 

" USNM 4711 copei 65 .4 C? B (lower) 

J.Vl egacerops 
" USNM 4705 bucco 46 . 7 B A 

Brontotherium 
" USNM 4256 medium 81 c B (lower) 

Brontotherium 
" USNM 1211 curtum 93 . 3 " B 

" USNM 4946 " 89 " '' 

Brontotherium 
117 AMNH 1447 ramosum 62.3 •• B (lower) 

Brontops 
489 USNM 4703 dis par 62 B " 
" USNM 4290 " " ' . B (lower) 

Allops ' 

511 FMP 6900 mars hi so A or B A or B 

Page references are to page numbers in U . S. Geological Survey Monograph 55 . 
Specimens: USNM-U. S. National Museum ; Am-Amherst College; AMNH­

American Museum of Natural History; FM-Field Museum of Natural History. 
Range: Range given by Osborn for each species in his detailed descriptions. 

USNM 4258 is variously mentioned as coming from A and B levels. 
Level of Specimens: Level at which specimen actually occurred, figured from 

Hatcher's original subdivision, A-50 ft ., B-100 ft ., C-30 ft. Osborn also men­
tions a field division into three 60 ft. levels, each of those divided into three 20 ft. 
levels, used for convenience in fielu labels, and from his text· it is not always clear 
to which of these subdivisions he is referring. However, as most of the specimens 
discussed bear Hatcher's labels, it is assumed that Hatcher's stratigraphic table 
is the one ref erred to in the formal descriptions of species. , 
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TABLE III 

SPECIMENS PERSONALLY O BSERVED BY THE AUTHOR 

. Height above 
Pierre-Chadron 

contact . L evel of 
Specimen Species (feet) Range • specimen 

ILL P64r3 Allops B3 A 
serotinus rs C? (lo"rer) 

. 
-

CM rr839 Brontops • B 
, . a is par 60 B (lower) 

-
CM rr840 " 60 " " -

CM rr84r " 60 " " 

w I534 Brontotherium 
platyceras 65 c " 

A 
p 13840 " 22 " (lo\ver) 

p 13785 Brontops B . 
brachycephalus 65 A (lo\ver) 

p 12971 Brontops . 

dis par 70 B B 
-

p 13620 Brontops B 
robustus 60 c (lower) 

p 12791 " 90 " B 

p 13778 Menodus 
giganteus 70 " " 

Ill.- University of Illinois, Natural History Museum; C.M.-Carnegie Mt1-

seum, Pittsburgh ; W.-Walker Museum, University of Chicago; P.- Princeton 
University Paleontological Museum. Other notes as in Table II. 
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Canada. 

H . cruentus 

D . ca1iadensis 

D. felina 

ANNALS OF THE CARNEGI E M USEUl\iI 

TABLE IV 

Pipestone Springs 

a11d other Montana 
localities. 

Upper Member. 

South Dakota. 

Peratherium titane- Peratherium sp. 

lix 

A . medicevus 

lv'I icropternodus 

A pternodus altitalon­

idus 

Clinopternodus 

borealis M etacodon 
I. major, intermed- I ctops dakotensis 

ius, et al. Sinclairella 
H . montanus? H ycenodon cruentus 

P seudo-pterodon 

minutus 
Daphrenus dodgei 

P arictis dakotensis 
Pseudoplesictis gra-

cilis 
Deinictis cf. f ortis 

' 

Hoplophoneus oharrai 

' 

VOL. XXV 

Lower Nodular or 
h igher Oligocene. 

P. huntii et al. 

A. gregoryi, brevi ­

rostris 

I . dakotensis 

H . cruentus 

D. vetus et al. 

Oligobunis 

D . felina et al. 

Hoplophoneus mentali s H. primcevus et a l. 

H oplophoneus robustus 

M . westoni 

al. 

Titanotheres 

et M. latidens 
Thompson 's 

Creek) . 

H. pr is cidens 

Titanotheres sp? 

C. occidentalis? 
H. sp. 

"Ancodus" 

0. culbertsoni 

L. esulcatus 

P . turgidus 

E. parvus 

S. montanus 

Oreodonts, several 

genera. 
L. esulcatus 

P . triplex? 

A. minittus 

A. minor 

P. lippincotti- P . paterculus 
anus 

Mesohippus cf. latidens M. bairdii et al. 

• 

Titanotheres sp? 
Colodon occidentalis 

H yracodon sp. 

Stibarus sp. 
Leptochrerus sp. 
A!,pinacodon ameri-

canus 
Perchrerus cf. nanus 

Oreodon? 

Leptomeryx cf. esulca-

tus 
Paleolagus cf. triplex 

A djidaumo minutus 
A djidaumo minor 

C. occidentalis? 
H. nebraskensis et 

al. 

A!,pinacodon rostra­

tus 

P . nanus 
Oreodon culbertsoni 

et al. 
L. evansi 

P. triplex, turgidus 

A. minutus 
I 

A. minutits, A. tri-

lophus 

Eutypomys sp. (near E . thomsoni 

thomsoni) 
Pseudocynodictis gre-

• garius 

P. gregarius et al . 

t 



• 
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EXPLANATION OF PLATE XXI. 

UPPER FIGURE 

Upper Indian Creek, showing the three members of the Chadron, with an 
outlier of Brule in tl1e distance. A heavy channel sandstone here forms the 

top of the middle member. 

MIDDLE FIGURE 

Brick-red, Lower Chadron clay with a very thin basal conglomerate, rest­

ing on Pierre shale, in Quinn Dra\v. The conglomerate is here ·cemented by 
pyrite. 

LOWER FIGURE 

Sand7"calcite crystals, Lo\ver Member, in Shoemaker Draw. 

\ 

\ 
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EXPLANATION OF PLATE XXII. 

UPPER F IGURE 

A typical "graveyard." co11taining chiefly Titanotl1ere remains \Vith some 
Trigonias and Arclia;otherium, in upper Big Corral Dra\v. 

MIDDLE FIGURE 

Close-up vievv of same subject £\S the upper figt1re . 
' 

LOWER FIGURE 

Sage Fault, in Dillon Pass. Displacement about sixty-five feet. This 

figure is in error to the extent that the horizontal broke11 line in the upper left­

l1and corner , indicating the upper limit of the "Chadron Interior," should be 
lo,vered about one-sixteenth of an inch, and the similar line in the lower right­

hand corner sl1ould be lowered about an eighth of an inch. 

_ J 



ANNALS CARNEGIE MUSEUM, Vol. XXV. Plate XXI I . 



• 

-

344 ANNALS OF THE CARNEGIE lVIusEUl\11 VOL. XXV 

EXPLANATION OF PLATE XXIII. 

UPPER FIGURE 

Chadron in the valley of White River, three miles west of Conata. 

LovvER FIGU RE 

Lower course of Quin11 .Draw, an intermittent strea1n which is fil ling up its 
valley at present. Note the very shallow, flat-bottomed stream bed, the lo\v 

natural levees, and the broad, ver)' gently sloping, almost perfectly fiat, flood 
plain. 

• 

• 

-
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MASS>V£ 
CHADROH CLAYS ,.. __ ....... -- .......... 

• I - BASAL WHITE. 
CHAl.-INE.l f'IJ.l .................. -

"I fiTE.R lOR." 
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• 

EXPLANATION OF PLATE XXIV 

UPPER FIGURE 

Parictis dakotensis Clark, X 3. Photograph of a drawing b)' Mr. R. B. 
Horsfall. 

LOvVER FIGU RE 

Mustelavus priscus Clark. · Natural size. Pl1otograph of a dra,ving by 

Mr. R. B. H orsfall. 

• 
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EXPLANATION OF PLATE XXV 

SECTION I . 
Cross-section r X miles long, extending southward from the southwest cor­

ner of 71 Table. Shows the edge of Red River Valley, paralleled by a local 
normal fault; also sho\vs the basal \.vhite channel fills and overlying clay series 

of the eastern f acies. 

SECTION II. ' 
Cross-section 2 miles long, extending southv.rard from the southeast side of 

Kube Table. Shows a limestone separating the Lower and Middle Members 

(western facies) and extending north\vard to overlie a basal \.Vhite channel fill 
and underlie the massive clay series (eastern facies) . Also shO\VS gradation of 

the Middle and Upper Members into the clay series. 

SECTION I I I. 
Cross-section 2 miles long, extending NW-SE in upper Battle Creek Draw. 

Shows the south \.Vall of Red River Valley, also a basal white channel fill . 
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EXPLANATION OF PLATE XXVI 

FIGS. 1-2. J.11etacodon magnus Clark. 

views, X 5. Scale shovvs millimeters. 
T ype specimen, cro\vn and inesial 

FIGS. 3-4. A pternodus altitalonid·us Clark. Type s pecimen, cro\vn and 

lateral surfaces, X 5. In the lateral view, P 4 is toward the left ; in the crown view , 
it is toward the right. U nits of the scale are millimeters. 

FIGS. 5-6. Clinopternodus gracilis Clark. Type specimen, crown and lateral 

views, X 5. Anterior encl' to the left in the lateral view, and to the right in the 

crown view. Scale shovvs millimeters. 

-. 
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