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THE STRATIGRAPHY OF THE UPPER CRETACEOUS ROCKS NORTH OF THE ARKANSAS
RIVER IN EASTERN COLORADO

By C. H. Da~g, W. G. Piercg, and J. B. Rersipg, Jr.

ABSTRACT

A comparison of the stratigraphic sections of the rocks of
Benton age in western Kansas and the southern foothill region
of eastern Colorado indicates the probability that the lower
members of the Greenhorn of Kansas merge westward into the
upper part of the Graneros shale of the foothills, the Green-
hern of the type locality being much thinner than that of west-
ern Kansas and the Graneros of the type locality being much
thicker than the Graneros of western Kansas. The Greenhorn
of Prowers County, Colo., north of the Arkansas River, has,
however, the thickness of the Kansas Greenhorn, and the mem-
ber subdivisions of the Greenhorn made in Kansas can also be
recognized in Prowers County. The Carlile shale, which overlies
the Greenhorn, contains at the top the persistent but variable
Codell sandstone member. This member, which contains the
Carlile fauna, is believed to have been deposited in shallow
water under conditions that were maintained for a considerable
period of time. The faunal discontinuity between the Carlile
and the overlying Niobrara formation is believed to represent
a time lapse, although no evidence was seen to indicate subaerial
erosion of the Carlile.

In the foothill region of Colorado the Niobrara consists of
the Timpas limestone member and the overlying Apishapa shale
member, The Timpas includes in its upper part limy shales and
thin limestone beds which, in Kansas, have been excluded from
the basal Hays limestone member. The Hays limestone mem-
ber appears to be a more satisfactory lithologic and faunal
unit, and the name is therefore extended into that part of Colo-
rado east of the foothills and north of the Arkansas River.
Similarly, the name “Smoky Hill” is extended from the chalk
member of that name in Kansas to the marl member overlying
the Hays limestone in eastern Colorado.

The basal portion of the overlying Pierre shale consists of
black shale nearly devoid of fossils, to which the name “Sharon
Springs member” is extended from the type locality in Wallace
County, Kans. The overlying portion of the Pierre shale was
not sufficiently studied to warrant the establishment of member
names, although the “rusty zone”, “tepee zone”, and “transition
zone” of previous authors are recognized.

The known invertebrate faunas of the several formations
are briefly described, and the fauna of the overlying Fox Hills
sandstone is also discussed because of its close relationship to
the fauna of the “transition zone” of the Pierre shale,

INTRODUCTION

During parts of the summers of 1931 and 1932 C. H.
Dane and W. G. Pierce spent about 8 months on a
reconnaissance examination of a large area of the High
Plains of eastern Colorado north of the Arkansas River.
A few additional observations on the lower part of the
Upper Cretaceous section in the southern foothills re-

gion were made by C. H. Dane in the fall of 1933.
The invertebrate faunas collected during this recon-
naissance have been studied by J. B. Reeside, Jr., who
has also contributed many hitherto unpublished data.
Although detailed work has been done in several areas
in this region, no summary of the stratigraphy has been
published for many years, and it has therefore seemed
appropriate to publish the data gathered in the present
study and to correlate them with the previous work.
Because of the large size of the area traversed, it was
not possible to make a rigorous examination of any
specific problem, though considerable information was
obtained concerning the lower portion of the Upper
Cretaceous.

The location of the area within which most of the
observations here recorded were made is shown on the
index map (fig. 9), which also shows the location of
some areas covered by previous reports.

The geologic map (pl. 64) shows the areas of outcrop.
of the principal stratigraphic divisions with reference
to the major geographic and cultural features of the.
region. The base was taken from the United States
Geological Survey map of Colorado compiled in 1922,
with minor modifications of land lines, drainage, and
culture observed by the writers in the field or suggested
by more recently compiled maps. The mapping was
done wholly by sketching, either on county maps or on
so-called military maps of the Colorado State Highway
Commission, which show towns, railroads, and graded
roads with considerable accuracy.

The formations exposed are of Upper Cretaceous
and Tertiary age. The Cretaceous rocks were laid
down in the widespread seas that covered much of
the western interior of the United States at that
time. During the period in which the earlier deposits
accumulated there was some differential warping of
the crust, but subsidence later became more pronounced
in an area centering somewhat north of Denver. Dur-
ing the epoch of subsidence a basin was formed which
filled with sediments as it subsided, the later Cretaceous
rocks thus having a much greater thickness toward the
central part of the basin. Toward the end of the
Cretaceous and early in the Tertiary the rising Rocky
Mountains shed great quantities of debris eastward to
form a series of nonmarine deposits. Although the
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seas had withdrawn, the basin continued to subside
until deposition ceased, probably in early Eocene time.
The latest structural movements accompanying the rise
of the Rocky Mountains completed the outline of the
sedimentary basin and made it a structural basin as
well. There ensued a period in which erosion was pre-
dominant, and the main outlines of the present areal
geology of the Cretaceous rocks were formed by the
beveling of the inclined strata. Somewhat later, in
middle and late Tertiary time, gravelly debris was
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Ficure 9.—Index map showing location of area in eastern Colorado
considered in this report (shown by short-dashed lines) and of some
areas described in previous reports, including folios of the Geologic
Atlas of the United States (cross-lined) and reports of the Colorado
and Kansas Geological Surveys (dotted).

swept out from the mountains by streams, and wide-
spread though comparatively thin deposits of gravel
and sand were laid down. The great plain thus built
up sloped gently eastward, its materials concealing the
underlying Cretaceous rocks far east of the mountain
front. Renewed erosion in still later epochs has cut
away much of this plain and exposed the underlying
rocks, but large areas of it still remain, and beneath
these areas the Cretaceous rocks are wholly concealed.
Even where the present surface has been cut below the
level of the High Plains deposits, there are extensive
areas where the Cretaceous rocks are concealed by rela-
tively late terrace deposits at several levels, surface
wash, and sand dunes, and the alluvial deposits of the
larger streams. For the greater part also the Creta-
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ceous rocks are soft and easily erodible, and even where
not concealed by younger deposits they may be weath-
ered into smooth ungullied sod-covered slopes in
which the details of thelithology cannot be determined.
No attempt has been made to indicate on the map the
distribution of terraces, wash, or eolian deposits, which
in places conceal the Tertiary as well as the Cretaceous
rocks. The extent of the present alluvial plain of the
Arkansas River is shown only approximately.

EARLIER WORK

The first comprehensive studies of the Cretaceous
stratigraphy of the Arkansas Valley were begun by
G. K. Gilbert in 1893 with the mapping of the Pueblo
quadrangle.! Mapping of the Apishapa quadrangle 2
was begun in the following year, and a subsequent
reconnaissance of the more easterly portion of the val-
ley led to the publication in 1896 of Gilbert’s report
on the underground water of the Arkansas Valley in
eastern Colorado.®? The description of the Denver
Basin,* a more northerly area of the foothills and ad-
joining plains, was published at about the same time,
though based on field work of the preceding decade.
In the succeeding years several other folios® were
issued that followed closely the outlines of the stratig-
raphy laid down by Gilbert and that dealt with areas
of the southern foothills and adjoining plains. In 1906
Darton’s broader study ® of the geology and under-
ground water of the Arkansas Valley was published.
With the appearance of the Castle Rock folio 7 in 1915
and the Colorado Springs folio® in 1916 the earlier
phase of the geologic study of the region came to an end,

| and most of the larger features of the geology had been
"| outlined. Several detailed reports on areas in the Ar-

kansas Valley in Colorado have since appeared, and
some features of the stratigraphic relations have been
touched upon in other papers. In recent years several
detailed studies have been made of the Upper Creta-
ceous rocks in western Kansas.? In these studies finer
division of the Cretaceous beds has been made than in

1 Gilbert, G. K., U. 8. Geol. Survey Geol. Atlas, Pueblo folio (no. 36),
1897.

2 Stose, G. W., U. 8. Geol. Survey Geol. Atlas, Apishapa folio (no.
186), 1912. .

3 Gilbert, G. K., U. 8. Geol. Survey 17th Ann. Rept., pt. 2, pp. 351-601,
1896.

4+ Emmons, 8. F., Cross, Whitman, and Eldridge, G. H., Geology of the
Denver Basin in Colorado: U. S. Geol. Survey Mon. 27, 1896.

5U. S. Geol. Survey Geol. Atlas, Elmoro folio (no. 58), 1899;
Walsenberg folio (mo. 68), 1900 ; Spanish Peaks folio (no. 71), 1901 ;
Nepesta folio (no. 135), 1906.

¢ Darton, N. H., Geology and underground waters of the Arkansas
Valley in eastern Colorado: U. S. Geol. Survey Prof. Paper 52, 1906.

7U. 8. Geol. Survey Geol. Atlas, Castle Rock folio (no. 198), 1915.

87. 8. Geol. Survey Geol. Atlas, Colorado Springs folio (no. 203),
1916.

9 Bass, N. W., Geologic investigations in western Kansas, pt. 2, Ge-
ology of Hamilton County : Kansas Geol. Survey Bull. 11, 1926. Elias,
M. K., The geology of Wallace County, Kans,: Kansas Geol. Survey
Bull, 18, 1931.
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Fossils probably from the lower part of the Fox Hills
sandstone—Continued

Locality
Lucina occidentalis Morton 3
Sphaeriola cordata Meek and Hayden 2
Cardium whitei Dall s
Tellina Sp. 5
Macira sp 7
Dentalium sp. 5,8
Lunatia Sp 8
Pyrifusus newberryi Meek and Hayden 8
Baculites grandis Hall and Meek - 1
Discoscaphites. sp. - U o1
1. 15736, Leyden Gulch.
2. 15831, near center sec. 23, T. 5 S., R. 58 W.
3. 15866, center sec. 1, T. 1 S., R. 58 W.
4. 15868, SE4 sec. 36, T. 1 N, R. 58 W.
5. 15869, NE14 sec. 25, T.1 8., R. 58 W.
6. 15870, SW14 sec. 31, T.1 S, R. 5T W,
7. 15874, SW14 sec. 31, T.1 S, R. 5T W.
8.,15964, NW1,SW1/ sec. 14, T. 13 S., R. 59 W., along road and

bank of Horse Creek,
Fossils from the Fox Hills sandstone

Locality
Nucula larimerensis Reeside =t ;9,12
Nucula planimarginate Meek and Hayden___ 6,7,9,10,11,12, 18
Nucul@® SP— o meoom e 13,20
Yoldia evansi Meek and Hayden-____ 8
Yoldia sp : s 1%
Arca n. sp — — 2
Gervillia subtortuose Meek and Hayden________________ 2
Pteria nebrascane Evans and Shumard_________________ 14, 20
Ostrea glabra Meek and Hayden 15
Unio? sp 15
Anomia sp. _— 7,20
Mytilus? sp i 20
Crenelle elegantule Meek and Hayden—_________________ 19, 20
Pholadomya n. sp. — - §,14,20
Tancredia americana Meek and Hayden = = V4
Lucina occidentalis Morton = i _ 16

Fossils from the Fox Hills sandstone—Continued

Locality
Mactra sp 2,67,14,17
Dentalium gracile Hall and Meek__________ 2,6,9,10,14, 18,20
Dentalium sp. 11
Lunatia concinnae Meek and Hayden 9,10
Lunatia subcrassa Meek and Hayden AT
Turritella? sp - 17
Melania? sp : 15
Fusus? sp 10, 14
Fasciolaria (Piestochilus) culbertsoni Meek and Hay-
den . (% |1
Fasciolaria (Piestochilus) scarboroughi Meek and Hay-
den 7
Haminea sp 13,17
Cinulia Sp-_— 20
Baculites ovatus Say?-__ 3
Baculites sp 1?
Discoscaphites conradi (Morton) 147,20
Sphenodiscus (Coahuilites) cf. 8. (C.) pleurisepta Con-
rad-__ ‘ 4
Sphenodiscus lenticularis (Owen) 3,9
Sphenodiscus sp 13
Belemnitella bulbosa Meek and Hayden = 8
Mesojassvides gigantea Oman___________ . _________ 20
Lamn@ SPo—e— o — 15,17
Crocodile TOOthwaweicdndn st ol St o = 15
Rolled leaves and wood s 20

1. 15737, Leyden Gulch.
2, 15748, east side of Fountain Creek, north. of Colorado
Springs, half a mile south of Pikeview station.

w

of the two below Pikeview station.
15835, northeast corner sec. 29, T. 4 S., R. 58 W.
. 15817, sec. 83, T. 6 S., R. 57 W.
15819, same locality as 15817, but higher.
15821, NE14 sec. 1, T. 7 S, R. 58 W. -
. 15824, sec. 32 or 33, T. 6 S, R. 57T W.
. 15829, sec. 8, T. 7 8., R. 57 W, south of Beaver Creek.
10. 15833, southwest corner sec. 23, T. 5 S., R. 58°'W. :
11. 15837, SW14 sec. 3, T. 5-S,, R. 58 W.

SR PN =N

,S’pha'eriola, cqrdata Meek and Hayden - 2,14 | 12, 15839, north-central part of sec. 28, T. 8 8., R. 57 W.
Cardium whitei Dall__________ 6,7,9,10,11,13,14,15,17,18,20 | 13. 15840, northeast corner sec. 13, T. 8 S;, R. 57 W.
Protocardia subquadrate Evans and Shumard________ 6,14, 20 | 14. 15846, SW1NW14 sec. 11, T. 5 N., R. 59 W.
Dosiniopsis nebrascensis Meek and Hayden______________ 2115, 15865, SEY sec. 31, T 1 8., R. 59 W.
D,osz.niopsisf Sp- _ - 13,14 | 16. 15867, SE1 sec. 85, T. 1 N.,, R. 58 W.
Tellina scitulq Meek and Hayden 14,20 | 17. 15871, center see. 27, T. 2 S., R. 58 W.
Tellina equilateralis Meek and Hayden_________________ 15 | 18. 15872, N15 sec. 12, T. 2 S, R. 58 W.
Sangumolari.al? e e e AR 20 | 19. 15873, same locality as 15872, float.
Mactra gracilis Meek and Hayden______________________ 1| 20. 16306, 500 feet south of northeast corner sec. 27, T. 1 8., R.
Mactra formosa Meek and Hayden_——________________ 7,11,13 58 W.

O

. 15749, Fountain Creek, west of south end of the south lake-
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the rocks of equivalent age in eastern Colorado. Al-
though the observations recorded in this paper were
made in reconnaissance, they show that some of the
smaller units set up in Kansas can be recognized also
in eastern Colorado. Much of the area offers small
promise of results to be obtained from detailed work,
but in places exposures are sufficient to justify more
careful stratigraphic study than has yet been carried
out.
THE FORMATIONS

In the area shown on plate 64 the Upper Cretaceous
rocks include the formations from the Dakota sand-
stone to the lower part of the Pierre shale. West and
north of the mapped area the higher part of the Pierre
shale is present, overlain by the Fox Hills sandstone,
the Laramie formation, and the Dawson arkose. The
uppermost beds of the Pierre shale and higher Creta-
ceous rocks are not discussed at length in this paper,
but certain observations, particularly the record of
fossil collections, are given.

The stratigraphic divisions of the Upper Cretaceous
rocks described in this paper are as follows:

Fox Hill sandstone.
Pierre shale:
Transition zone.
Tepee zone.
Rusty zone.
Sharon Springs shale member (barren zone).
Niobrara formation: (Foothill region, Colo.)
Smoky Hill marl member. | [Apishapa shale member.
Hays limestone member. }{Timpas limestone member.
Carlile shale:
Codell sandstone member.
Blue Hill shale member.
- Fairport chalky shale member.
Greenhorn limestone.
Graneros shale.
Dakota sandstone.

DAKOTA SANDSTONE

The Dakota sandstone, which is the basal formation
of the Upper Cretaceous series of this region, crops out
in a narrow strip adjacent to the alluvial plain along
the north side of the Arkansas River and extends from
the northwestern part of T. 23 S., R. 51 W., to the
southwestern part of T. 22 S., R. 47T W. Only the upper
part of the formation is exposed. In the exposures
observed by the writers it consists principally of buff
and white, uniformly fine-grained, cross-bedded sand-
stone, with weathered surfaces pitted. As much as 40
feet of sandstone of this type is exposed at one locality,
but elsewhere the exposed thickness is much less. The
total thickness is somewhat variable but probably does
not exceed 100 feet.® Where a more nearly complete

1 Duce, J. T., Geology of parts of Las Animas, Otero, and Bent
Counties ; Colorado Geol. Survey Bull. 27, pt. 3, pp. 89-90, 1924,

section is exposed south of the Arkansas River it is de-
scribed as a hard massive or quartzitic sandstone.*
Carbonaceous and lignitic layers and fossil leaves of
Upper Cretaceous age are found locally in the sand-
stone.

GRANEROS SHALE

Exposures of the next overlying formation, the
Graneros shale, occur in a narrow belt north of the
Arkansas River and extending from a point south of
Fort Lyon on the east to a point south of Wiley on the
west, and also east of Holly in a small area near the
Kansas-Colorado State line.

The Graneros shale was defined by Gilbert* as a
laminated argillaceous shale from 200 to 210 feet thick,
the lowest formation of the Benton group. It was
named from a creek in the northern part of the Walsen-
burg quadrangle.

The formation consists predominantly of dark-gray
to black fissile noncalcareous shale, Because it is soft
and easily erodible and because of the widespread
deposition of terrace sands along the Arkansas River,
exposures are so small and scattered that little informa-
tion on the details of lithology, thickness, and strati-
graphic relations can be obtained in this area.

The basal part of the Graneros is exposed at various
places from sec. 4, T. 23 S., R. 51 W., eastward to the
southwestern part of T. 22 S., R. 49 W. The basal
Graneros in this area consists of well-bedded nonsandy
shale, with thin bentonite beds at places. Although
the basal contact was everywhere concealed, there
seems to be an abrupt change in lithology from the
cross-bedded sandstone of the underlying Dakota sand-
stone. In other areas there is a transition zone of sandy
shale at the base of the Graneros. In Hamilton County,
Kans., the basal 8 or 10 feet of the formation contains
lenses of impure sandstone and sandy shale and layers
of iron concretions 2 to 8 inches in diameter.*®* South of
the Arkansas River, in the La Junta area,** several feet
of alternating shales and sandstones at the top of the
Dakota form a transition to the overlying Graneros,
and similar transitional relations have been observed
in the vicinity of Pueblo ** and of Colorado Springs.*®

1 Darton, N. H., Geology and underground waters of the Arkansas
Valley in eastern Colorado: U. S. Geol. Survey Prof. Paper 52, pp.
25-27, 1906.

12 Gilbert, G. K., The underground water of the Arkansas Valley in
eastern Colorado: U. S. Geol. Survey 17th Ann. Rept., pt. 2, pp. 564,
570, 1896.

13 Bass, N. W., Geologic investigations in western Kansas, pt. 2,
Geology of Hamilton County: Kansas Geol. Survey Bull. 11, p. 72,
1926.

14 Patton, H. B., Underground water possibilities for stock and
domestic purposes in the La Junta area, Colo.: Colorado Geol. Survey
Bull. 27, pt. 1, p. 14, 1924,

15 Gilbert, G. K., U. 8. Geol. Survey Geol. Atlas, Pueblo folio (no.
36), p. 3, 1897.

16 Finlay, G. I., U. 8. Geol. Survey Geol. Atlas, Colorado Springs folio
(no, 203), p. 8, 1916.
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In Hamilton County, Kans.,'” the Graneros shale is
from 60 to 65 feet thick. It is believed to have about the
same thickness in the extreme eastern portion of the
Arkansas Valley in Colorado, where, in addition, the
same divisions of the overlying Greenhorn limestone
may be recognized as in Hamilton County. In the
northeastern part of Bent County, Colo., however, the
Graneros shale is estimated by the writers to be about
200 feet thick, and although the overlying Greenhorn
limestone is there incompletely exposed, it seems to be
much thinner than in western Kansas. This relation
suggests that the Graneros has thickened westward at
the expense of the Greenhorn. In the western part of
Bent County and in Otero County *® the Graneros has
a thickness of about 200 feet, and farther west®® it is
from 200 to 220 feet thick. In a section measured by
the writers at Colorado City, west of Colorado Springs,
the Graneros shale is 210 feet thick.

Lithologic subdivisions of the Graneros were not dis-
tinguishable in the small scattered exposures observed
within the area covered by this report. In the region
of La Junta and farther west in the Arkansas Valley *°
the middle portion of the Graneros includes nearly black
shales which contrast with somewhat lighter colored
shales above and below. The subdivision into a nearly
black middle portion and lighter-colored upper and
lower portions is also recorded farther south in the
vicinity of Walsenburg and Trinidad.?® The thickness
in those localities is given as 200 to 210 feet. This is
also about the thickness of the Graneros exposed at a
locality about 10 miles northwest of Vermejo Park, on
the east flank of the Sangre de Cristo Range, in New
Mexico near its northern boundary. A calcareous con-
cretionary zone occurs at 30 to 40 feet above the base,
and a thin calcareous sandstone or sandy limestone
occurs 45 to 50 feet below the top. In the Apishapa
quadrangle ®* a bed of impure, sparingly fossiliferous
limestone 12 to 14 inches thick lies from 65 to 75 feet
above the base, and a 6-inch bed of hard sandstone
occurs a few feet above the limestone. At 80 feet above
the base of a section of Graneros measured by the
writers at Colorado City, west of Colorado Springs,
there is a prominent thin-bedded sandstone 1 foot thick
with 2 feet 6 inches of gray sandy shale below it. Over
the western part of the area described in this report and
a considerable region to the west and south the Graneros

17 Bass, N. W., op. cit., p. 72.

18 Patton, H. B., op. cit., p. 14.

19 Gilbert, G. K., op. cit. (Pueblo folio), p. 3. Tisher, C. A., U. 8.
Geol. Survey Geol. Atlas, Nepesta folio (no. 135), p. 2, 1906.

2 Patton, H. B., op. cit.,, p. 14. Gilbert, G. K., op. cit. (Pueblo
folio), p. 3. Fisher, C. A., op. cit., p. 2. Stose, G. W., U. S. Geol.
Survey Geol. Atlas, Apishapa folio (no. 186), p. 5, 1912.

27, 8. Geol. Survey Geol. Atlas, Walsenburg folio (no. 68), p. 1,
1900 ; Elmoro folio (no. 58), p. 1, 1899.

22 Stose, G. W., op. cit,, p. 5.

seems to maintain a fairly uniform thickness, and it is
likely that a few individual beds in it may be recog-
nized and traced over large areas.

Bentonite beds from a fraction of an inch to a few
inches thick occur at several horizons within the
Graneros. Although they afford a potentially useful
means of detailed correlation, the inadequacy of ex-
posures over much of the portion of eastern Colorado
here discussed makes it unlikely that such detailed
correlation can be effected without very careful record-
ing of the formation where it is penetrated by wells.
Southwest of Las Animas a bed of bentonite 3 feet
thick ** occurs about 85 feet above the base of the
Graneros and has been recorded as “talc” in severai
wells drilled for water in the La Junta region. No
beds of equal thickness are known elsewhere in this
region. Beds of similar thickness have, however, been
recorded in the lower part of the Benton ** shale of
northeastern Colorado, which is the equivalent of the
Graneros shale and the overlying Greenhorn and Car-
lile formations of the Arkansas Valley.

The fauna of the Graneros shale is scanty and imper-
fectly known. A small simple oyster somewhat larger
and more regular in form than Ostrea congesta is
abundant in sandy limestone near the top of the Gra-
neros shale in the region of the Apishapa quadrangle.?
Gilbert, during his work in the Arkansas Valley, col-
lected from the lower part of the Graneros the follow-
ing fossils, largely unnamed species: Corals, several
species; pelecypods, Leda sp., Arca sp., Inoceramus aff.
[. bellvuensis Reeside, Pteria sp., Pecten sp., Lucina
sp., Dosinopsis sp.; scaphopod, Dentalium sp; gastro-
pods, Turritella whitei Stanton, Mesostoma occidentalis
Stanton, Cinulia? sp., Actaecon propinguus Stanton;
cephalopods, a nautiloid, Mammites sp., Metacalyco-
ceras sp., Borissjakoceras sp., Twrrilites sp. DBass*
veported Ostrea n. sp., small simple type, and /nocera-
mus, n. sp. related to 7. fragilis Hall and Meek from
western Kansas.

A section of the Benton shale was measured by the
writers along the south fork of Bear Creek 1.3 miles
south of the place where the main road from Mount
Morrison to Denver crosses the Dakota sandstone hog-
back. About 10 feet above the top of the Dakota sand-
stone and thus in beds equivalent to the Graneros shale
the writers collected Holcolepis pulchellus Cockerell
and Leucichthyops vagans Cockerell, speeies originally
described from the Mowry shale. Several other small
lots of fossils were collected at horizons 250 to 300 feet

23 Patton, . B., op. cit., pp. 14-15.

2 Mather, K. F., Gilluly, James, and Lusk, R. G., Geology and oil
and gas prospects of northeastern Colorado: U. S. Geol. Survey Bull.
796, pp. 81-83, 1928.

2% Stose, G, W., op. cit., p. 6.

2 Bass, N. W., op. cit.,, p. 73.
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Fossils from the “transition zone” of the Pierre shale—Contd.

Locality

Anechara? 8P i T - 31?
Haminea subcylindrica (Meek) ________________________ 3
Cinulia (Oligoptyche) concinnae Hall and Meek__________ 3,32
Baculites grandis Hall and Meek___2, 11, 12, 17, 20, 24, 25, 297, 31
Baculites B = et e i 7,17, 28, 34, 35, 36, 37, 38, 40?
Discoscaphites conredi (Morton)_ 30, 39
Discoscaphites cheyennensis (Owen) 3
Discoscaphites mandanensis (Morton) 5, 17, 22
Discoscaphites cf.-D. abyssinus (Morton) ————__________ 20
Discoscaphites cf. D. nicolleti (Morton) ________________ 22
Discoscaphites Sp——-————____ 4,6, 7,8, 9,11, 16, 18, 20, 227, 23, 27
Acanthoscaphites sp-___ 337, 385, 37?
Sphenodiscus lenticularis (Owen) 6
Belemnitella bulbose Meek and Hayden 26
Decapod crustacean, undetermined 4
1. 15802, north tributary of Fountain Creek, north of Colorado

Springs.

2. 15806, SW14 sec.- 35, T. 13 S.,, R. 58 W,
. 15814, 15.1 mile§ north of Limon on Brush road.
. 15815, 15.1 miles- north of Limon on Brush road, above
15814.
5. 15816, 21.3 miles from Limon, just east of road bridge across
Beaver Creek on road to Agate.
6 15825, NE14 sec. 24, T. 2 S, R, 656 W.
7. 15826, 9.1 miles north of Last Chance store.
8. 15827, NE14 sec. 15, T. 3, S.,, R. 56 W.
9. 15828, SW14 sec. 5, T. 2 S.,, R. 55 W,
10. 15830, NW14 sec. 6, T. 10 S, R. 55 W.
11. 15832, SE1 sec. 36, T. 9 S, R. 55 W.
12. 15834, NW14 sec. 30, T. 9 S., R. 55 W.
13. 15804, one-eighth mile north of southeast corner sec. 3, T.
14 S, R. 58 W.
14. 15838, SW14 sec. 33, T. 3 S., R. 58 W.
15. 15842, northeast corner sec. 1, T. 2 8., R. 58 W.
16. 15844, SW14 see. 7, T. 2 S., R. 53 W.
17. 15845, SW14 sec. 29, T. 11 8., R. 56 W., East Rush Creek.
18. 15848, NW14 sec. 6, T. 2 N.,, R. 55 W.
19. 15349, southwest corner sec. 1, T. 5 N, R. 59 W,
20. 15850, center sec. 4, T. 13 8., R. 57 W., Rush Creek.
21. 15851, NE4 sec, 30, T. 13 8., R. 58 W., Little Horse Creek.
22. 15852, 814 sec. 20,-T. 13 S, R. 58 W.
23. 15853, N, sec. 26, T. 12 8., R. 56 W.
24. 15856, S¥ sec. 7, T. 14 S, R. 57 W.
25. 15857, NW14 sec. 13, T. 14 S., R. 58 W., Horse Creek.
26. 15875, SW14 sec. 16, T. 8 N.,, R. 57 W.
27. 15876, El sec. 4, T. 8 N., R. 55 W., South Pawnee Creek.
28. 15956, SW14 sec. 31, T. 13 S, R. 66 W., Monument Creek
north of Colorado Springs.
29. 15961, center SW14 sec. 30, T. 13 §., R. 66 W.
30. 15969, SE14 sec. 3, T. 1 N, R. 43 W., 3 miles east of Wray.
31. 15971, NW1 sec. 6, T. 2 S, R. 42 W.
32. 16307, SEY sec. 5, T. 3 8., R. 57T W.
33. 15955, SW1, sec. 21, T. 14 S, R. 66 W., 2 miles southeast of
Colorado Springs.
34. 15957, NW14 sec. 31, T. 13 8., R. 66 W., Monument Creek,
north of Colorado Springs.
35. 15958, NW14 sec. 31, T. 13 S., R. 66 W.
36. 15960, NW14 sec. 31, T. 13 S., R. 66 W.
37. 15970, near center sec. 21, T. 2 8., R. 43 W.
38. 15805, NW14 sec. 2, T. 14 8., R. 58 W., bank of Horse Creek
250 feet east of bridge.
39. 15836, NE14 sec. 13, T. 9 S., R. 56 W.
40. 15803, line between secs. 3 and 10, T. 14 §., R. 58 W.
41. 15807, B4 sec. 33, T. 13 S., R. 58 W.

o

FOX HILLS SANDSTONE

The Fox Hills sandstone, which overlies the Pierre
shale, outcrops north and northwest of the area shown
on plate 64. Its geographic distribution and some. fea-
tures of its stratigraphic relations with the Pierre shale
are briefly discussed in another paper ** dealing with the
later Cretaceous formations of the Denver Basin. ® Be-
cause of the faunal relationships between the transition
zone of the Pierre shale and the Fox Hills sandstone it
is desirable to include in this paper a summary of
identifications of fossils collected from the Fox Hills.

As used by the writers the name “Fox Hills sand-
stone” is applied to a unit ranging from 200 to a little
more than 300 feet in thickness, consisting in the lower
part of buff or brown sandstone and sandy shale that
contains large gray to brown hard sandy concretions
and in the upper part chiéfly of soft sand or poorlycon-
solidated white sandstone. In general this is alsé the
way the Fox Hills of eastern Colorado was restricted by
the Rocky Mountain Association of Petroleum Geolo-
gists in 1932.80 f /

Because the contact of the Fox Hills sandstone and
the Pierre shale is transitional in many places and be-
cause the zones of large concretions at the base of the
Fox Hills were not traced in detail over the complete
area from which collections were made, the fossils col-
lected from the Fox Hills sandstone are shown in two
lists. The first shows species in lots whose position is
somewhat doubtful; that is, they may possibly belong
to the transition zone of the Pierre shale, though the
writers believe them more likely to represent Fox Hills
horizons; the second shows the species in lots assigned
with confidence. ;

The fauna contains many species that appear first in
sandy rocks at various horizons in the Montana group
of other areas, though such species as Baculites grandis
Hall and Meek, Discoscaphites conradi (Morton), and
Sphenodiscus lenticularis (Owen) always indicate a
very late Cretaceous horizon wherever found. Some
of the lots—for example; collection 15865—show a defi-
nite admixture of nonmarine elements, a not unusual
occurrence in the Fox Hills.

Fossils probably from the lower part of the Fox Hills

sandstone

Locality

Solemya biliw White__________________________________ 3
Solemya? Sp———___ e =3 — 8
Pieria nebrascana Evans and Shumard________________ 5,6
Volsella cf. V. meeki (Evans and Shumard)____________ 4
Crenella elegantula Meek and Hayden__________________ 5
_____________________________________ 3

Pholadomya n. sp

8 Dane, C. H., and Pierce, W. G., Dawson and Laramie formations in
southeastern part of Denver Basin, Colo.: Am. Assoc. Petroleum Geol-
ogists Bull., vol. 20, no. 10, pp. 1308-1328, 1936.

8 Lovering, T. 8., Aurand, H. A., Lavington, C. S., and Wilson,
J. H., Fox Hills formation, northeastern Colorado: Am. Assoc. Petro-
leum Geologists Bull.,, vol. 16, no, 7, pp. 702-703, 1932.



230 SHORTER CONTRIBUTIONS TG GENERAL GEOLOGY, 1936

FAUNA

The fossils collected from the Pierre shale by the
writers are listed below. The first list contains fossils
from the beds between the transition zone and the base
of the “tepee zone”, with the exception of collections
15752, 15753, 15757, 15864, and 15962, which came from
the lower part of the formation. The second list in-
cludes fossils from the transition zone in the uppermost
part of the Pierre.

Fossils from the Pierre shale below the transition zone

Locality

Olionag 8Dy DOMADEY v s e i e 31
Inoceramus barabini Morton——_____________________ 3,21,24
Inoceramus sagensis Owen______________________________ 5, 6,
7,8,9,11,12, 13, 15, 16, 18, 22, 26, 31

INOCETTMUS B st e e 14, 20, 28, 29, 30, 31
Ostrea cf. O. congesta Conrad__________________________ 24,28
Anomia sp, probably new___________________ 11
Lucina occidentalis Morton________ 9,10, 15, 17, 23, 25, 26, 28, 30
Lucina subcrassa Meek and Hayden 25
TACING: B e o e i e i e 19, 31
Mactre gracilis Meek and Hayden____—_______________ 4,30
Mactra canonensis Meek___.______L.-__________________ 1,2,4
Dentalium gracile Hall and Meek == -- 11,30
Lunatia dakotensis Henderson 30
Aporrhais sp e = — — 25
Pasciolaria sp____ . _____ e e e R S ST e S e 25
Anchura Sp__-__ e e 16, 29?
Baculites compressus Say_____ e — 9, 31
Buculites ovotus Sa¥ecesee e v e e o ca 2,17, 25,30
Baculites ovalus Say var. haresi Reeside________________ 5, 26
BOCUIIeS S -t e e e 11, 12, 16, 27, 28, 29
Eziteloceras? sp———____ s i 25
Didymoceras cf. D. beecheri Hyatt S 26
Parapachydiscus complexus (Meek) ____________________ 29
Acanthoscaphites nodosus (Owen) typical form_________ 31
Acanthoscaphites nodosus (Owen) var—_________ 1, 9,10, 20,28
Acanthoscaphites quadrangularis (Meek) _______________ 24, 27
AcanthosOaphiles P oo e i 15,18, 22
Placenticeras meeki Boehm_ = 11
Hypsodon? radiatulus Cockerell___.__ 6

1. 15732, Leyden Gulch, north of Golden, about 5,000 feet above
the base of the Pierre.
. 15733, Leyden Gulch, nearly the same as 15732,
. 15734, Leyden Gulch, nearly the same as 15732,
.\ 15735, Leyden Gulch, nearly the same as 15732.
. 15752, opposite Pifion station, 6.2 miles north of Eden on
Pueblo-Colorado Springs highway.
6. 15753, west of Pueblo, north of Arkansas River, east of
Dry Creek Valley.
7. 15757, northeast corner sec. 18, T. 16 8., R, 66 W., south of
Little Fountain Creek, southwest of Colorado Springs.
8. 15759, SE14 sec. 15, T. 15 8., R. 65 W., at bridge on aban-
doned railroad grade.
9. 15750, near center of sec. 3, T. 17 8., R. 65 W., 1 mile south-
east of Little Buttes.* *
10. 15809, NW14 see. 19, T. 15 S., R. 57 W.
11. 15810, secs. 14 and 23, T. 17 S., R. 55 W.
12. 15812, NEY sec. 27, T. 15 8., R. 55 W.
13. 15841, along highway, sec. 3, T. 11 S., R. 54 W.

G W N

87 Collections made from the core rock of tepee buttes are indicated by
asterisks.

Iossils from the Pierre shale below the transition zone—Contd.

14. 15843, SW14 sec. 36, T. 13 S., R. 56 W.

15. 15847, NE14 sec, 30, T. 13 8., R. 56 W.

16. 15854, NW 14 sec. 26, T. 14 S., R. 55 W.

17. 15855, SW14 sec. 14, T. 14 S, R. 57 W.

18. 15858, NE14 sec. 36, T. 10 S., R. 53 W.

19. 15859, NE14 sec. 34, T. 10 S., R. 52 W.

20. 15860, SE1 sec. 30, T. 10 S., R. 51 W.

21. 15861, NE4 sec. 26, T. 8 S., R. 50 W.

22. 15862, SE14 sec. 35, T. 9 8., R. 51 W.

23. 15863, SE14 sec. 28, T. 11 S., R. 52 W.

24. 15864, NW14 sec. 22, T. 13 S., R. 51 W.

25, 15755, 3.1 miles north of Belle Plaine, which is 2.7 miles east
of Fountain Creek at Pueblo.

26. 15756, same locality as 15755, 40 feet higher.

27. 15808, sec. 1, T. 21 8., R. 59 W., 5.3 miles north of Olney
Springs.*

28, 15813, 2.6 miles south of Karval.

29, 15962, NE14 sec. 34, T. 14 8., R, 67 W., 500 feet above base
of Pierre,

30. 15963, SW14 sec. 20, T. 14 S., R. 66 W., brick pit southeast
of Colorado Springs.

31. 16072, NW14NEY sec. 1, T. 13 S., R. 47 W.*

Fossils from the “transition zone” of the Picrre shale
Locality
Robulus Spo—— 5, 10, 20, 27
REFPUIE B e e i e s e 20
Lngmle B s e e 3,8
Solemya bilie White__________________________ . 3
Nucula planimarginata Meek and Hayden____________ 3,4, 8,13
Nucula larimerensis Reeside_ .o 177,18
$0ETE0Y 1 A o S S S 6, 20, 227, 26, 27
Yoldia scitula Meek and Hayden—______________ 28
Yoldia evansi Meek and Hayden_____________ 3, 4, 5, 6, 15, 19, 28
YOldiQ SPscemmma s e s el 187
Perissonota? Sp——————e——— NN . e 4
Inoceramus sagensis Owen____________________ 20, 22, 28, 31, 36
Inoceramus altus Meek?— o _____ 39
Inoceramus fibrosus (Meek and Hayden)____ _____ 4,6,7,9,
10, 11, 12, 16, 17, 18, 22, 25, 30, 31
Inoceramus Sp——————— 9, 27, 38
Pteria nebrascana Evans and Shumard-________________ 26, 32
PLerit 8D —ce s s s e e e e 20
Pecten nebrascensis Meek and Hayden—_________________ 28
Lima n. sp., several _________________________________ 4
Crenelle elegantula Meek and Hayden_________________ 14
Pholadomifftt Dy SP = b i s i i 14
Cuspidaria ventricosa Meek and Hayden_______________ 4,8
Veniella humilis Meek and Hayden_____________________ 19
Eriphyla gregaria Meek and Hayden?__________________ 3
Lucina occidentalis Morton——_____________________ 10, 23, 27, 30
Y 577y 1 1 (R DY SR R, (S S G S 3, 6,19, 267
Protocardia subquadrata Evans and Shumard_________ 4,15, 17
Tellina scitula Meek and Hayden—______________________ 19
Mactra gracilis Meek and Hayden__________________ 1, 2,11, 13,
22, 28, 34, 35, 36, 38, 40, 41
Mactra canonensis Meek___________ ' i 33
Mactra sp- N R e 147, 17
Dentalium gracile Hall and Meek____ 20, 277
Dentalium SP---icmoeeee S NENNSEIRRIY. SRS KE A 4
Lunatia dakotensis Henderson— . ___ 3, 9%, 20, 33
TARIOTR, 8D o et e i e o A i i 27, 377
Turritella sp., probablynew____________ _____________ 2
Fasciolaria? cf. F. cheyennensis Meek and Hayden_____ 47,20
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above the base of the Benton in this section. These
lots include the species in the following list:
Globigerina sp.
Globotruncana sp.
Inoceramus sp.
Ostrea sp.
Ptychodus sp.

GREENHORN LIMESTONE

The Greenhorn limestone was differentiated as a
formation by Gilbert.?” It was so named from Green-
horn station, 14 miles south of Pueblo, and Greenhorn
Creek. The formation as described by Gilbert is from
25 to 40 feet thick and consists of alternating beds of
fine-grained, compact, pale bluish-gray limestone and
light-gray laminated calcareous shale. The Greenhorn
as recognized in western Kansas, however, has a thick-
ness of 100 to 130 feet and includes three recognizable
members in some places and four in others. It seems
desirable to compare the exposures of the formation
along the north side of the Arkansas Valley in Colorado
with the thicker and divisible section of western
Kansas.

In Hamilton County, Kans., which adjoins Colorado,
Bass ** recognized three members of the Greenhorn—
the Bridge Creek limestone member at the top, the
intermediate Hartland shale member, and the basal
Lincoln limestone member. The Bridge Creek member
consists of an alternation of limy shale and chalky lime-
stone having a thickness of 74 feet, four-fifths of which
consists of shale. It merges into the overlying Carlile
shale with no apparent lithologic change but is sepa-
rable from the Carlile faunally. Below the Bridge
Creek member is a unit of calcareous shale, the Hart-
land shale member. This is 23 feet thick and almost
devoid of limestone but contains, like the Bridge Creek
member, many layers of bentonitic clay. The Lincoln
limestone member, although consisting predominantly
of calcareous shale, contains numerous thin beds of
hard finely banded gray limestone that weathers brown.
These beds are most abundant near the top and base of
the member, which is 35 feet thick.

These divisions of the Greenhorn may also be recog-
nized north of the Arkansas River in eastern Prowers
County, Colo. The Bridge Creek member is exposed
along the west side of Cheyenne Creek from the NW1/
sec. 8, T. 23 S., R. 41 W., northward to the NE1/ sec. 6
of the same township. A partial and approximate
section follows:

2 Gilbert, G. K., The underground water of the Arkansas Valley in
eastern Colorado: U. S. Geol. Survey 17th Ann. Rept., pt. 2, pp.
564-565, 570, 1896.

28 Bass, N. W., op. cit., pp. 66-70.

Partial section of Bridge Creek member of Greenhorn limestone
on west side of Cheyenne Creek in Prowers County, Colo.

3 Ft. in.
Limestone, gray; weathers into hard yellowish-gray ir-
regular flat slabs; numerous Inoceramus labiatus____ 6
Concealed e 1 6
Limestone, gray, with Inoceramus labiatus 6
Concealed 2
Limestone, gray, with Inoceramus labiatus - _____ 2 6
Concealed ——— 3 6
EIMERLoNe; BTlY .« — e e s i s s s i e T 6
Concealed . ______ @l 8
DADEREONE, BIFAN - e e s i o e m s s i 4
Concealed 1
Limestone, gréy 4
Concealed_____ p— ——5 6
Limestone, gray, with Inoceramus labiatus_—____________ 8
Concealed_________ et 1 6
Limestone, gray, with Inoceramus labiatus——————________ 8
Concealed e 2
Limestone, gray, with Inoceramus labiatus-_____________ '8
Concealed _____________________________________________ 5 -6
(Above this point the section is approximate.)
Limestone, gray, bedded-_____ = 6
Shale, chalky, poorly exposed.__ = 1 8
Limestone, chalky, thin-bedded____ 5
Shale, chalky, poorly exposed__________________________ |
Limegtone, white, ehalky. .. ..covneceeecovgereea oo 3
Shale, chalky, thin-bedded, with a few hard white and
gray limestone lenses less than half an inch thick_____ 2 11
Bentonite___-_ - . 1. ... SRR 48 5
Limestone, gray; weathers white; single bed, with ver-
tical joints from 2 to 8 inches apart; upper part some-
what chalky ________________ 6
Shale, chalky, paper-bedded——______________________ 1 10
Limestone, gray; weathers white; single bed, with ver-
tical joints frem 2 to 8 inches apart_________-________ 4
Shale, chalky, well bedded, with a few layers of gray
crystalline limestone one-sixteenth inch thick ________ 1 5
Limestone, gray; weathers white; in lenses as much as
2 inches thick and 6 inches long _ 2
Shale, chalky, well bedded, with one zone of limestone
lenses 2 inches thick below the water level of a dug
pool.
Total measured . ____________________________ 4 3

This section when plotted can be correlated at least
approximately with the lower part of the section of the
Bridge Creek member published by Bass.? The
5-inch bentonite bed resting on 6 inches of limestone
can be correlated with a similar bed near the base of the
Hamilton County section, and a zone of abundant fos-
sils 0 to 40 feet higher appears in both sections. Many
of the intermediate limestone beds also seem to match.
Unfortunately the exposures along Cheyenne Creek
were not sufficiently good to permit the recognition of
other bentonite beds. -However, near the southeast
corner of the SW1/ sec. 12, T. 23 S, R. 41 W., a bed
of bentonite 514 inches thick crops out above a bed of
limestone 6 inches thick and below chalky shale. This

2 Idem, fig. 21.
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may well be the bed measured in the section west of
Cheyenne Creek, given above.

In the SE1/ sec. 12, T. 23 S., R. 42 W., somewhat
more than 40 feet of soft chalky shale is exposed.
These beds contain scattered limestone lenses as much
as 2 inches thick but no continuous beds of limestone.
They represent the Hartland shale member. Below
them in the NE1} sec. 18 and NW1; sec. 17, T. 23 S.,
R. 41 W, the basal part of the Greenhorn is exposed
above the Graneros shales. The beds include chiefly
calcareous shales, but also hard crystalline limestone
beds as much as 2 inches thick, which weather into hard
yellowish and brownish plates. The limestone beds con-
stitute only about 10 percent of the exposed rocks but
because of their resistance to erosion are conspicuous
on the outcrop. These lowest exposures of the Green-
horn correspond in lithology and probably also in
thickness with the Lincoln limestone member as recog-
nized in western Kansas.

In the SW1; sec. 11, T. 23 S., R. 42 W., exposures
of the uppermost part of the Greenhorn limestone
include beds of gray limestone and chalky marl. Part
of the limestone, however, occurs as flat but rounded
lenses or concretionary lenses from & to 12 inches
thick. :

The upper part of the Greenhorn limestone is also
exposed in the NW71/ sec. 18 and the W14 sec. 7, T. 22 S.,
R.44W. It consists of alternating beds of chalky marl
and gray limestone, and the limestone beds have a
thickness of 6 to 12 inches and carry numerous speci-
mens of Inoceramus labiatus. There are also some
lenses of hard gray crystalline limestone largely com-
posed of fossil shells. In somewhat lower Greenhorn
exposures in this vicinity there are less numerous
impressions of Inoceramus labiatus and other fossils,
and the limestones are less platy in habit, breaking
rather into irregular chunks. Exposures of the lower
part of the Greenhorn that might include possible
equivalents of the Hartland shale member and Lincoln
limestone member were not observed. In the north-
central part of sec. 7, T. 22 S, R. 44 W., a partial
section of the top of the Greenhorn limestone and basal
part of the overlying Fairport chalky shale member of
the Carlile shale was measured, as follows:

Partial section of top of Greenhorn limestone and base of
Carlile shale in sec. 7, T. 22 8., R. 4} W.

Fairport chalky shale member of Carlile shale:

Chalky shale. ) Ft. in.
Limestone, gray, with Inoceramus_________________ 3
Chalky shale 2 3
Limestone, gray 3
Chalky shale 2 6

Limestone, white, hard; breaks in curving plates
and flat slabs; in part weathering to yellowish
gray 5

Partial section of top of Greenhorn limestone and base of
Carlile shale in sec. 7, T. 22 S., R. 4} W.—Continued
y Fi. in
Fairport chalky shale member of Carlile shale.—Contd.
Chalky shale, white, thin-bedded 3
Chalk, white; breaks into thin chips

[

Partial thickness____ 9

Greenhorn limestone:

Limestone, light gray, dense, in part weathering to
yellowish gray, less fossiliferous than lower beds;
breaks along vertical joints into flat and irregular
vertical plates : 10

Chalky marl, gray, in part thin-bedded gray lime-
stone; numerous Inoceramus and oyster shell

fragments 3 10
Limestone, gray_. -4
Chalky marl, poorly exposed 10

Limestone, gray, dense; breaks into numerous ir-
regular flat slabby plates and chips; in part

stained rusty yellow ; Inoceramus labiatus . ___ 5
Chalky marl, soft, poorly exposed S S
Limestone, gray; breaks into thin flat chips in

lower 2 inches; Inoceramus labiatus__—_________ 6
Chalky marl, in part flaky and paper-bedded_______ Lk

Limestone, gray; weathers very light gray; dense,
with an irregular lower surface. Contains abun-

dant Inoceramus labiatus T
Chalky, marl, flaky and paper-bedded in part______ a (O |
Limestone, chalky, gray; breaks into irregular flat

chips____ - 3
Chalky marl, yellowish gray, flaky and paper-bedded

inpartoe - it 1+

Partial thickness___ 11 11
Total measured___________ 20, i

No precise correlation can be made of this partial
section with the partial section measured along Chey-
enne Creek. The lower part may include some beds
equivalent to the upper part of the Cheyenne Creek
section, or it may include only beds higher than the
top of the section measured on Cheyenne Creek.

The thickness and lithology of the Greenhorn in the
region north of Lamar are very imperfectly known, but
there is some suggestion that a thickness comparable
with that farther east may be present and that the un-
derlying Graneros has also a small thickness like that
of western Kansas.

Somewhat farther west, 114 miles north of McClave,
‘a section was measured of the upper part of the Green-
horn, possibly including some of the lowest part of the
Fairport chalky shale member of the Carlile shale:

Section of upper part of Greenhorn limestone 1Y% miles north

of McClave
Ft. in.
Shale, marly = 54
Limestone = 4
Shale, calcareous, tan P A S e b
LAMeBtone, @ray. o e 2

Shale, calcareous 1

[y

Limestone, gray, with Inoceramus labiatus .___________ 3
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indicates contemporaneously favorable life conditions
of some sort for them.

It seems possible that such favorable conditions might
be provided by submarine springs of low volume but
relatively high concentration in calcium carbonate. It
has already been pointed out by Gilbert ®° that springs
of sufficient volume to build a tufalike core would pro-
duce a concentric structure in the cores, which has not
been found. On the other hand, a spring or seep of
low volume on the sea floor might simply provide an
abundance of mineral salts in solution, which would
produce locally a favorable site for the growth of many
kinds of organisms. A feature of the distribution of
the buttes, which might be construed as favoring the
hypothesis of submarine springs, is their tendency to
alinement in rows. The lines of buttes in various places
trend in diverse directions, so that this tendency to
alinement does not produce any discernible systematic
arrangement of the tepees as a whole, but locally the
alinement is pronounced and should be explained by
any satisfactory theory of their origin, as should also
the tendency of the buttes to occur in groups or clusters.

As an interesting speculation, the writers advance
the hypothesis that the predicated submarine springs
arose from the pressing out of connate water during
the compaction of the sediments deposited to the north
in the more.rapidly subsiding portion of the Denver
Basin. The “tepee zone” contains the same fauna
in general as the Hygiene sandstone member and over-
lying sandstone members in the Pierre shale of the
northern foothills, where the total thickness of the
Pierre shale is much greater. These sandstones alter-
nate with intervening shalier zones and diminish in
thickness southward and southeastward. As they were
deposited in the more rapidly subsiding portion of the
basin, the tapering margins of the sandy wedges would
gradually acquire a gentle upward slope to the south-
east, outward and upward from the basin. It seems
possible that with the compaction of the sediments con-
nate water of high mineral content would be squeezed
out of muds and sandy silts into overlying tongues of
sand that might then serve as channel courses for the
movement of water upward and southward, there to
escape upward through the soft sediments of the sea
floor along local lines of weakness. H. F. Davies
has suggested a more direct relationship of the tepee
buttes to the Hygiene and other sandstones, supposing
that they may represent offshore deposition of the col-
loidal silica and calcium carbonate left in solution at
the outer margins of deposition of the sandy materials.

Whatever the actual mode of origin of the tepee
cores, if their vertical dimension is materially greater

& Gilbert, G. K., and Gulliver, F. P., op. cit.,, p. 339.
% Lavington, C. S., op. cit., p. 402.

than their horizontal dimension, it seems that there
must have been a balance of some sort between the rate
of deposition of the surrounding sediments and the
rate of accumulation of the tepee core rock, in order that
the required conditions for forming that rock might
persist in one locality through the long period of time
that must have been required to build up the tepee core
and deposit the surrounding shale. That there were
some variations in conditions from time to time is seen
by the irregular nature of some exposed side walls of
cores. In Gilbert’s words, they ‘“exhibit shoulders,
shelves, and overhangs, besides being rugose in detail.”
In general, it may be concluded that such conditions
could be maintained only in places where the rate of
shell and calcium carbonate accumulation could keep
pace with the rate of sedimentation. Where sediments
accumulated more rapidly nearer the source of supply,
such conditions could not long be maintained. On the
other hand, the rate of accumulation of the shells would
also seem to be a variable one, depending on available
supplies of necessary materials for shell construction.

The foregoing discussion of the origin of the tepee
cores is intended primarily to emphasize the point that
the nature of the masses themselves indicates that they
represent a type of deposition which would occur at a
certain time within a geographically limited belt, and
that this belt of tolerance would be very likely to
migrate to and fro, owing to variations in the rate of
supply of the sandy sediment that was being deposited
farther north and to variations in the rate of subsidence
of the basin. If so, the shale that contains the tepee
cores probably has an intertonguing relation with the
enclosing shales that are barren of the tepee masses.

The part of the Pierre shale above the “tepee zone”
is composed of sandy shale and soft sandstone, particu-
larly in the upper part. It is lithologically a transition
unit from the dominantly fine sedimentary beds of the
Pierre shale to the sandstone of the Fox Hills. As will
be seen from the faunal lists below, it is likewise in its
upper part a transition zone from the faunal <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>