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Explanation of letter symbols on plate 64 (p. 212) 

Kd, Dakota sandstone; Kgr, Graneros shale; Kgn, Greenhorn limestone; JCcl, 

Carlile shale; Kn, Niobrara formation; Kps, Sharon Springs member of the 
Pierre shale; Kp, Pierre shale above the Sharon Springs member (black dots 
marked Kpt indicate location of tepee buttes) : 'I'u, Tertiary deposits; Qal , 
a llnvinm (shown only a long the ArkanS<\R RiYcJ'). 
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THE STRATIGRAPHY OF THE UPPER CRETACEOUS ROCKS NORTH OF THE ARKANSAS 
RIVER IN EASTERN COLORADO 

By C. H. DANE, W. G. PIERCE, and J. B. REESIDE, 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 tlle 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
horn 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 sha le, whi('h 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 consiclerable 
period of time. The faunal discontinuity between the Carlile 
and the overlying Niobrara formation is believed to repr esent 
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 H ill" is extended from the cha lk 
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 "V. 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 (pI. 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 Ct>IOl'ado 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 thiclmess 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 ceous rocks are soft and easily erodible, and even where 
until deposition ceased, probably in early Eocene time. not concealed by younger deposits they may be weath
The latest structural movements accompanying the rise eFed into smooth ungullied sod-covered slopes in 
of the Rocky Mountains completed the outline of the which the details of the' lithology cannot be determined. 
sedimentary basin and made it a structural basin as No attempt has been made to indicate on the map the 
well. There ensued a period in which erosion was pre- distribution of terraces, wash, or eolian deposits, which 
dominant, and the main outlines of the present areal in places conceal the Tertiary as well as the Cretaceous 
geology of the Cretaceous rocks were formed by the rocks. The extent of the present alluvial plain of the 
beveling of the inclined strata. Somewhat later, in Arkansas River is shown only approximately. 
middle and late Tertiary time, gravelly debris was 

EARLIER WORK 
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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.1 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.s 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 G 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 G of the geology and under
ground water of the Arkansas Valley was published . 
With the appearance of the Castle Rock folio 1 in 1915 
and the Colorado Springs folio 8 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.9 In these studies finer 
division of the Cretaceous beds has been made than in 
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FIGURE 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 whoily 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-

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

• Stose, G. W., U. s. Geo!. Survey Geol. Atlas, Apishapa folio (no. 
186), 1912. 

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

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

• U. S. Geol. Survey Geol. Atlas, Elmoro folio (no. 58), 1899; 
Walsellberg folio (no. 68), 1900; Spanish Peal,s 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. Geo!. Survey Prof. Paper 52, 1906. 

7 U. S. Geol. Survey Geol. Atlas, Castle Rock folio (no. 198), 1915. 
8 U. S. Geol. Survey Geol. Atlas, COlorado Springs folio (no. 203), 

1916. 
o Bass, N. W., Geologic investigations in western Kansas, pt. 2, Ge

ology of Hamilton County: Kansas Geo!. Survey BUll. 11, 1926. Elias, 
M. K., The geology of Wallace County, Kans.: Kansas Geol. Survey 
Bull. 18, 1931. 
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Fossils probabT!y from the lower part of the Foa; Hills 
sandstone--Gontinued 

F08SUS trom. the Foa; Hills sandstone-Continued 

Locality Locality 
Lucina occidentalis Morton____________________________ 3 Mactra sp--------------------------------------- 2, 6?,14, 17 
Sphaeriola cordata Meek and Hayden____ ________ __ ____ 2 Dentaliwm graoile H ull and Meek _______ __ _ 2,6,9,10,,14, 18, ,20 
Oardium whitei Dall ____ ---___________________________ 3 5 DentaZiU1n sp------------------------- ---------------- 11 
T ellina sp------------------------------- ------------- ' 5 , Lunatia concinna Meek and Hayden____________________ 9,10 
Mactra sp---~------------------------------~---------- 7 Lunatia sub crass a Meek and Hayden ___________________ 7,17 

~::~~!~U~p-~~========================================= 5,~ ~:!~;i~~:~~~====================================~==== 10'~: Pyritu8u8 newberryi Meek and Hayden_________________ 8 
Baoulites grandis Hall and Meek______________________ 1 Fasciolaria (Piestochilus) c1dbe7'tsoni Meek and Hay-
Di8coscaphites.sp---------------------------------- --- _ 2,8 den _________________________________________________ 7,13 

1. 15736, Leyden Gulch. 
2. 1.15831, near center sec. 23, T. 5 S., R. 58 W. 
3. 15866, center sec. I, T. 1 S., R. 58 W. 
4. ' 15868, SE% sec. 36, T. 1 N., R. 58 W. 
5. 15869: NE% sec. 25, T. 1 S., R. 58 W. 
6. 15870, SW% sec. 31, T. 1 S., R. 57 W. 
7. 15874, SW% sec. 31, T. 1 S., R. 57 W. 
8 . . 15964, NW%SW% sec. 14, T. 13 S., R. 59 W., along road and 

bank of Horse Creek. 

Fossils fr01n the Fox Hills sandstone 

Locality 
Nucula larimerensis Reeside __________________________ 5, 9, 12 

Nucula,planimarginata Meek ~nd Hayden ___ 6,7,9,10,11,12,18 

Nu.cula sp,r--7-------------------------------------__ 13,20 
Yoldia evansi Meek and Hayden____________ ____________ 8 
Yoldia sp _______ ~_____________________________________ 17 

Arca n. sp-----------------------------------_________ 2 
Ge1'vilUa 8ubtortuosa Meek and Hayden________________ 2 
Pteria nebrascana Evans and Shumard ___________ ______ 14,20 
O,8t1'ea glabra Meek and Hayden________________________ 15 

Uniof ~p--------------------------------------------- 15 
Anomia sp~~------------------------------------------ 7,20 
Mytil1tsr sp-----------------------------------________ 20 
Orenella elegantula Meek and Hayden __________________ 19,20 

Pholadomya n. sp-------------------------__________ 8,14,20 
Tancredia americana Meek and Hayden_________________ 7 
Lucina occid~ntalis Morton ___________ __ ________ ~______ 16 

Sphaeriola cordata Meek and Hayden__________________ 2, 14 
Oardilltm whi.tei DaIL _________ 6,7,9,10,11,13,14,15,17,18,20 
Protocardia subquadrata Evans and Shumard ________ 6,14,20 
Dosiniopsis nebrascensis M:eek and Hayden__________ ____ 2 
Df}siniopsis r, sp------- -_-----------r-_________________ 13, 14 
T elUna scitula Meek and Hayden ______________________ 14,20 
T ellina eqttilateralis Meek and Hayden_________________ 15 
Sang1tinolaria? sp-------------------------____ ________ 20 
Mactra gracilis Meek and Hayden __ ~___________________ 1 
Mactra formosa Meek and Hayden ___________________ 7,11,13 

Fasc;iola1'ia (PiestochiZus) sca1'b01'oughi Meek and Hay-
den ________________________________________________ _ 

7 
lTa1ninea sp------------------------------------------ 13,17 
Oinulia sp---------------------------------- ---------- 20' 
Baoulites ovattts Say L__ ________ ____________________ __ 3 
Bacttlit('!s sp-------------- --- ------------------------- 11 
D'iscoscaphites conradi (Morton) ______________________ 141,20 

Sphenodiscus (Ooahuilites) cf. S. (0.) p~eurisepta Con-
rad _______________________ ~_________________________ 4 

Sphenodiscus lenticularis (Owen) ______________________ 3, 9 

Sphenodiscus sp-------------------------------------- 13 
Belemnite'·la bulbosa Meek and Hayden _____ .____________ 8 
Mesojassvides gigantea Oman______ ____________________ 20 
Lamna sp ___________________________________ _______ . __ 15,17 

Crocodile tooth_________________ __ ____________________ 15 
Rolled leaves and wood_______________________________ 20 

1. 15737, Leyden Gulch. 
2. 15748, east side of Fountain Creek, north of Colorado 

Springs, half a mile south of Pikeview station. 
3. 15749, Fountain Creek, west of south ' end of the south lake ' 

of the two below Pikeview station. 
4. 15835, northeast corner sec. 29, T. 4 S., R. 58 W. 
5. 15817, sec. 33, T. 6 S., R. 57 W. 
6. 15819, same locality as 15817, but higher. 
7. 15821, NE% sec. I, T. 7 S., R. 58 W. ' 
8. 15824, sec. 32 or 33, T. 6 S., R. 57 W. 
9. 15829, sec. 8, T. 7 S., R. 57 W., south of Beaver Greek: 

10. 15833, southwest corner sec. 23, T. 5 S., R. 58 ' W. 
11. 15837, SW% sec. 3, T. 5 ·S., R. 58 W. 
12. 15839, north-central part of sec. 28, T. 8 S., R. 57 W. 
13. 15840, northeast corner sec. 13, T. 8 S., R. 57 W. 
14. 15846, SW%NW% sec. 11, T . 5 N., R. 59 W . 
15. 15865, SE% sec. 31, TIS., R. 59 W. 
16. 15867, SE% sec. 35, T. 1 N., R. 58 W . . 
17. 15871, center sec. 27, T. 2 S., R. 515 W. 
18. 15872, Nlh sec. 12, T. 2 S., R. 58 W. 
19. 15873, same locality as 15872, float. 
20. 16306, 500 feet south of northeast corner sec. 27, T. 1 S., R. 

58 W. 
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the rocks of equivalent age in eastern Colorado. A.I
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 tIllS 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. 47 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.10 Where a more nearly complete 

10 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.1l 
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 12 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.18 South of 
the A.rkansas River, in the La Junta area,14 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 observeCi 
in the vicinity of Pueblo 15 and of Colorado Springs,16 

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

13 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. 

u 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. 

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

16 Finlay, G. L, U. S. Geol. Survey Geol. Atlas, Colorado Springs folio 
(no. 203), p. 8, 1916. 
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I n Hamilton County, Kans./7 the Graneros shale is 
from 60 to 65 feet thick. It is believed to have about the 
same t.hickness 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 
m~lCh 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 18 the Graneros has 
a thickness of about 200 feet, and farther west 19 it is 
from 200 to 220 feet thick. In a section measured by 
the writers at Colorado City, west of Colorado Springs, 
the Graueros shale is 210 feet thick. 

LitlLOlogic subdivisions of the Graneros " ere 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 20 

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. 21 The thickness 
in those locali ties is given as 200 to 210 feet. This is 
also about the thickness of t.he Graneros exposed at a 
locality about 10 miles nortlywest 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 ba;se, 
and a thin calcareons sandstone or sandy limestone 
occurs 45 to 50 feet below the top. In the Apishapa 
quadrangle 22 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. 'V. , op. cit. , p. 72. 
18 Patton, H . B. , op. cit., p. 14. 
1. GUbert, G. K. , op. cit. (Pueblo folio), p . 3. ])'isher, C. A., U. S. 

Geo!. Survey Geol. Atlas, Nepesta folio (no. 135) , p. 2, 1906. 
'" Patton, H. B. , op. cit., p . 14. Gilbert, G. K., op. cit. (Pueblo 

folio) , p. 3 . F ishe l", C. A., op. cit., p . 2. Stose, G. W., U. S. Geol. 
S urvey GeoT. Atlas, Apishapa folio (no. 186), p. 5, 1912. 

01 U. S. GeoT. Survey Geo T. Atlas, Walsenburg folio (no. 68), p. 1, 
1900; Elmoro folio (no. 58), p. 1, 1899. 

2> Stose, G. W., op. cit., p. 5. 

seems to maintain a fairly uniform th ~clmess, and it is 
likely that a few individual beds in it may be recog
nized and traced elver large areas. 

Bentonite beds from a fraction of an inch to a few 
inches thick occur at several horizons within the 
G~·aneros. Although they afford a potentially useful 
means of detailed correlation, Hte 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 23 occurs about 85 feet above the base of the 
Graneros and has been recorded as "talc" in several 
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 24 shale of 
northeastern Colorado, which is the equivalent of the 
Graneros shale and the overlying Gl'eenhorn and Car
lile formations of the Arkansas Valley. 

The fallna of the Gralleros shale is scanty and imper
fectly known. A small simple oyster somewhat larger 
and more regular in form than Ostrea oongesta is 
abundant in sandy limestone near the top of the Gra
neros shale in the region of the Apishapa quadrangle.25 

Gilbert, during his ,york in the Arkansas Valley, col
lected from the lower part of the Graneros the follow
ing fossils, largely unnamed species: Corals, several 
species; pelecypods, L eda sp., A1'oa sp., Inoceramus aff. 
T. b ellvuensi..~ Reeside, Pteria sp., P eoten sp., Luoina 
sp., Dosinopsis sp.; scaphopod, Dentalium sp; gastro
pods, T urritella 1vhitei Stanton, ]J! esostoma oooidentaUs 
Stanton, CinuZia'! sp., A otaeon propinqUtlS Stanton; 
cephalopods, a nautiloid, M ammites sp., M etaoalyoo
oeras sp., Borissjakoceras sp., Turrilites sp. Bass 2U 

:·eported Ostrea n. sp., small simple type, and Inooo1'a
mus, n. sp. related to I. t ragilis 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 
30uth 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 
t he writers collected H oloolepis pulohellus Cockerell 
and L euoiohthyops vagans Cockerel1, species originally 
described from the Mowry shale. Several other small 
lots of fossils were collected at horizons 250 to 300 feet 

"Patton, H. B. , op. cit., pp. 14-15. 
"Mather, K. F. , Gilluly, James, a nd I,usk, R. G. , Geology and oil 

and gas prospects of northeas tern Colorado: U. S. Geol. Survey Bull. 
796, pp. 81- 83, 1928. 

25 Stose, G. W. , op. cit. , p. G. 
"" Bass, N. W., op. cit., p. 73. 
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FoslSil.s trom the "t1·ansition zone" Of the Pien'e shaw-Contd. 
LocaU/!y 

Anclwra r sp__ ________________________________________ :n 1 
H a·min.ea subcylindrica (Meek) ________________________ 3 
GinuUa (OU,goptycl~a) concinna Hall and Meek __________ 3,32 
Baculites gmnd·is Hall and Meek ___ ~, 11,12,17,20,24,25,291,31 
BacuHtes sp _________ ____________ 7, 17, 28, 34, 35, 36, 37, 38, 401 
Discosoopl/1ites com:adi (Morton) ______________________ 30,39 
Discoscaphites cheyennensis (Owen) ____ _______________ 3 
Discoscaphites manaanensis (Morton) _________________ 5,17,22 
Di8c08caphites cf. -D. abyssin1ts (Morton)______________ 20 
Disc08caphites cf. D. nicolleli (Morton) ________________ 22 
DiscoscaphUes sp_~ ________ A, 6, 7, 8,9,11,16,18,20,221,23,27 
Acanthosca,phites sp::. __ ___ _____________ ___________ 331, 35, 371 
Sphenodiscus lentioularis (Owen) ______ ________________ 6 
B elemnitella bulbosar Meek and Hayden_________________ 26 
Decapod crustacean, undetel'mined_____________________ 4 

1. 15802, north tributary of Fountain Oreek, north of Colorado 
Springs. 

2. 15800, SW]!~ sec.- 35, T. 13 S., R. 58 W. 
3. 15814, 15.1 miles north of Limon on Brush road. 
4. 15815, 15.1 mil€s· north of Limon on Brush road, above 

15814. 
5. 15816, 21.3 miles trom Limon, just east of road bridge across 

Beaver Creek on road to Agate. 
6 15825, NID14 sec. 24, T . 2 S., R. 55 W. 
7. 15826, 9.1 miles north of Last Chance store. 
8. 15827, NE14 see. 15, T. 3, S., R . 56 w. 
9. 15828, SW1,4 sec. 5, T. 2 S., R. 55 W. 

10. 15830, NW14 sec. 6, T. 10 S., R. 55 W. 
11. 15332, SE14 sec. 36, T. 9 S., R. 55 W. 
12. 15834, NW14 sec. 30, T. 9 S., R. 55 W. 
13. 15804, one-eigh~h 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. I, T. 2 S., R. 58 W. 
16. 15844, SW14 sec. 7, T. 2 S., R. 53 W. 
17. 15845, SW14 sec. 29, T. 11 S., R. 56 W., East Rush Creek. 
18. 15348, "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 S., R. 57 W., Rush Creek. 
21. 15351, NE14 sec, 30, T. 13 S., R. 58 W., Little Horse Creek. 
22. 15852, Slh sec. 20,T. 13 S., R. 58 W. 
23. 15853, N % sec. 26, T. 12 S., R. 56 W. 
24. 15856, S% sec. 7, T. 14 S., R. 57 W. 
25. 15857, NW1,4 sec. 13, T. 14 S. , R. 58 W., Horse Creek. 
26. 15875, SW14 sec. 16, T. 8 N., R. 57 W. 
27. 15876, Elh sec. 4, T. 8 N., R. 55 W., South Pawnee Creek. 
28. 15956, SW14 seg. 31, T. 13 S., R. 66 W., Monument Creek 

north of Colorado Springs. 
29. 15961, center SW1,4 s~c. 30, T. 13 S., R. 66 W. 
30. 15969, SE14 sec. 3, T. 1 N., R. 43 W., 3 miles east of Wray. 
31. 15971, NW14 sec. 6, T. 2 S., R. 42 W. 
32. 16307, SID14 sec. 5, T. 3 S., R. 57 W. 
33. 15955, SW1,4 sec. 21, T. 14 S., R. 66 W., 2 miles southeast of 

Colorado Spr~ngs. 
34. 15957, NW14 sec. 31, T. 13 S., R. 66 W ., Monument Creek, 

north of Colorado Springs. 
35. 15958, NW1,4 sec. 31, T. 13 S., R. 66 W. 
36. 15960, NW1,4 sec. 31, T. 13 S., R. 66 W. 
37. 15970, near center sec. 21, T. 2 S., R. 43 W. 
38. 15805, NW14 sec. 2, T. 14 S., R. 58 W., bank of Horse Creek 

250 feet east of bridge. 
39. 15R36, NE14 sec. 13, T. 9 S., R. 56 W. 
40. 15803, line betw~en secs. 3 and 10, '1'. 14 S., R. 58 W. 
41. 15807, IDlh sec. 33, T. 13 S., R. 58 W. 

FOX HI~ SANDSTONE 

The Fox Hills sandstone, which overlies the P !erre 
shale, outcrops north and_northwest of the area s120wn 
on plate 64. Its geograpp.ic distribution and som~ fea
tures of its stratigraphic l'elations with the Pierre shale 
are briefly discussed in another paper 88 dealing witli the 
later Cretaceous formations of the Denver Basin . .. Be
cause of the faunal relationships between the trans~tion 
zone of the Pierre shale a;ld the Fox Hills sandstone it 
is desirable to include in this paper a summary of 
identifications of fossils yollected from the Fox Hills. 

As used by the writers the name "Fox Hills sand
stone" is applied to a unf.t ranging from 200 to a little 
more than 300 feet in thickness, consisting in the Ibwer 
part of buff or brown sandstone and sandy sha.le .. that 
contains large gray to brown hard sandy concretions 
and in the upper part chiefly of soft sand or poorly::con
solidated white sandstone . . In general this is als~ the 
way the Fox Hills of eastern Colorado was restrict~li by 
the Rocky Mountain Ass9ciation of Petroleum Geolo-
gists in 1932.80 e 

Because the contact oLthe Fox Hills sandstone· and 
the Pierre shale is transitional in many places an{l be
cause the zones of large concretions at the base o~ the 
Fox Hills were not tracea in detail over the complete 
area from which collectio.lls 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 b~long 
to the transition zone of the Pierre shale, thougli the 
writers believe them mor~: likely to represent Fox :aills 
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 Baoulites grdndis 
Hall and Meek, Disoosodphites oonradi (Morton) ,; and 
Sphenodisous lentioularis · (Owen) always indicate a 
very late Cretaceous horizon wherever found. Some 
of the lots-for example~ collection 15865-show a defi
nite admixture of non~arine elements, a not unusual 
occurrence in the Fox Hills. 

F08sils probably from the lowe?' part of the Fox Hills 
sandstone 

Locality 
Sole'ln1/a bilix White__________________________________ 3 
Solemyaf sp_______________ __ __________________________ 8 
Pteria nebrascana Evans and Shumard________________ 5,6 
Volsella cf. V. meeki (EvartS and Shumard) ____ _______ _ 4 
GreneUa elegantula Meek and Hayden__________________ 5 
Pholadomya, n. sp__________________ _________________ __ 3 

as Dane, C. R., and Pierce, w. G., Dawson and Laramie formations in 
southeastern part of Delll'er Basin , Colo.: Am . Assoc. Petroleulll." Geol
ogists Bull., vo!. 20, no. 10, pp. 1308- 1328, 1936. 

so Love ring, T. S., Aurand, R. A., Lavington, C. S., and Wilson, 
J. R., Fox Hills formation, nOl·tl1eastern Colorado: Am. Assoc. Petro
leum Geologists Bull., vol. 16, no. 7, PP. 702-703, 1932. 
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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 fTom the Pierre shale below the transiti on zone 

Locality 
Oliona Sp., bOl:ings____________________________________ 31 
Inocel'am~tS barabini Morton ____ __ _______ __ __________ 3,21,24 
Inocet'amus salJensis Owen__ __ ____ ___ ________ ___________ 5,6, 

7,8,9,11,12,13, 15,16,18,22,26,31 
Inoceramus sp _____ ____ __ ___ ___ ________ ___ 14,20,28,29,30,31 
Ost1'ea d. O. COl1lJes ta. Coru·ad __________ __ ____ __________ 24,28 
Anomia sp, probably new __ _______ ___ ____________ ____ __ 11 

Lucina occidentalis Morton _____ ___ 9,10, 15, 17, 23, 2-5, 26, 28,30 
Lucina subcrassa Meek and Hayden____________________ 25 
L~tC'ina sp ____ ______ ___ __________ :. _____ _____ ________ ___ 19, 31 

MactTa lJl'acilis Meek and Hayden______________________ 4,30 
Maot1'a cwnonensis l\leek ___ . ________ __ ___ _____________ 1,~, 4 
D entali'um lJl'(wile Hall and Meek ______________ ________ 11,30 
Lunatiu. d(~kotens,is Henclerson_______________________ __ 30 

,Fossils fl'om the Pien'c shale bclow the transition zone-Contd , 

14. 15843, SW14 sec. 36, T. 13 S., R. 56 W. 
15. 15847, NE14 sec. 30, T. 13 S., R. 56 W. 
16. 15854, NW14 sec. 26, T. 14 S., R. 55 W. 
17. 15855, SW1,4 sec. 14, '1:. 14 S., R. 57 W. 
18. 15858, NE1,4 sec. 36, T. 10 S., R. 1)3 W. 
19. 15859, NEl,4 sec. 34, T. 10 S., R. 52 W. 
20. 15860, SE1,4 sec. 30, '1'. 10 S., R. 51 W. 
21. 15861, NE14 sec. 26, T. 8 S., R. 50 W. 
22. 15862, SEl,4 sec. 35, T. 9 S., 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. 
2.7. 15808, sec. 1, T. 21 S., 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 S., R. 67 W., 500 feet above base 

of Pierre. 
30. 15963, SW14 sec. 20, T. 14 S., R. 66 W., bri.ck pit southeast 

of Colorado Springs. 
31. 16072, NW14NElji sec. 1, T . 13 S., R. 47 W.* 

Foss'ils /1'om thc "transition zone" of the Pierro shale 

Locality 
Rob'Ulus sp ___ _____ _________ ________________ __ __ __ 5, 10, 20, 27 
Sel'p ula? 8p_______________ __ __ __ __ __ ___ __ _____ ____ ___ _ 20 

A.po/Thais sp__ ____ __ ____ __ ___ ___________ ________ ______ 25 LiulJula sp____ ___ _______ _________ ______ __________ __ ____ 3,8 
Fasciolaria sp:. __________ ___ ____ ________ ___ __ ___ _______ 25 Solem-va bilix White______ ____ __ __ __ ____ ___ __ __________ 3 
AnchU1'a sp __ ___ ___ ____ __ _______ __________ ____ __ __ ___ 16,29? Nuc'Ula planimat'lJinata Meek and Hayden _______ _____ 3, 4, 8, .13 

BacuHtes comp/'ess't£s Say ------------------------------ 9, 31 N~lCltla laTitnC1'ensis R eeside ______________ ____________ 17?, 18 
Bacul'ites ovaflns Say ___ __ __________ _________ ____ __ 2,7, 25,30 N'llcula sp ___ __ __________ ______ __ ____ __ ______ 6,20, 22?, ~6, 27 

Bac~tlite8 ov(ttnl! Say val'. hal'esi Reeside________________ 5,26 Yold'ia scUula, Meek and Hayden_______________________ 28 
Baculites sp--___ _______________ ___ __ ______ 11,12,16,27,28,29 Yoldia evans'i Meek and Hayden_:.. _____ ______ 3, 4, 5, 6, 15, 19, 28 
E xiteloce1'as? sp __________ ______________ __ ___________ __ 25 Yoldia sp___ ______________ ______ ____ ________ ___ __ _____ 18'/ ' 
Didymoceras ct. D. beecheri Hya tL____ ___ _____ __ ______ 26 Perissonota? sp____ ______________ __ _____ ___ ___ __ ____ __ 4 
Pat'apachyd'isc'IM complexus (Meek) __ __________________ 29 
Acanthoscaphid es nodosus (Owen) typical form_________ 31 
Acanthosc(tphites nodosus (Owen) vaL _________ 1,9,10,20,28 
ilcanthoscaphites fJUadl'angttlal'is (Meek) --__ ___________ 24,27 
Acanthosc(tphitcs sp ____ ___ ________________ .:. _____ ___ 15,18,22 
Placenticeras meeki Boehm__ __ __ __ ________ ____________ 11 
HY1JSodo11 f r'adiat1tlus CockereIL_ ______ _____ _______ ____ 6 

1. 15732, Leyden Gulch, north of Golden, about 5,000 feet above 
the base. of the Pierre. 

2. 15733, Leyden Gulch, nearly the same as 15732. 
3, 15734, Leyden Gulch, nearly the same as 15732. 
4.1 15735, Leyclen Gulch, nearly the same as 15732. 
5. 15752, oPPosite Pinon station, 6.2 miles north of Eden on 

Pueblo-Oolorado Springs highway. 
6. 15753, west of Pueblo, north of Arkansas River, east of 

Dry Creek Valley. 
7, 15757, nort.heast corner sec. 18, T. 16 S., R. 66 W., south of 

Little Fountain Cr eek , southwest of Colorado Springs. 
8. 15759, SE14 sec, 15, T . 15 S., R. 65 W., at bridge on aban

doned railroad grade. 
9. 15750, near center of sec. 3, T. 17 S., R. 65 W., 1 mile south-

east of Little Buttes. * 87 

10. 15809, NW 14 sec. 19, T. 15 S., R. 57 W. 
11. 15810, secs, 14 and 23, T. 17 S., R. 55 W. 
12. 15812, NE 'h sec. 27, T. 15 S., R. 55 W. 
13. 15841, along highway, sec. 3, T. 11 S., R. 54 W. 

Inoce/·atntts sagC1Lsis Owen ____ ___ __ ____ _____ __ 20, 22, 28, 31, 36 . 
InoccTamus (tUns MeekL __ ___________ ___ ________ .:_____ 39 
Inoceml1WS fi,broS1ts (l\leek anll Hayden) ______ ____ 4,6·,7,9, 

10. 11, 12, 16, 17, 18, ~ 2, 25, 30,31 
Inoceram1ts sp __ ___ ______________ ______________ __ ___ 9, 27, 38 

Ptel'ia neb"ascalw Evans ancI Shumard ______ __ ___ _____ _ 26,32 
Pteria sp____ _________ ___ _______ ______ ___ ___ ____ ______ 20 
Pecten nebrascensis Meek and Hayden__________________ 28 
Lima n. sp., severaL __ ____________ _____________ ______ _ 4 
CTenella, elegant1tla Meek and Hayden ________________ _ 14 
Pholadomva n. sp ____ ____ ___ __ ____ _______ ____ ________ _ 14 
CUS1Ji(l(wia ventt"icosa, Meek and Hayden_______ ________ 4, 8 
Ven-iella hu,m'ilis l\leek and Hayden_______ _______ _______ 19 
Erillhyla grelJal'ia Meek and Hayden L_________________ 3 
L1tcina occidental'is Morton-----------------'7----- lO, 23, 27, 30 
Lucina, sp ______ ______ __ _____ ___ _____ __ ___________ 3, 6, 19, 26? 

Pl'otuc(wdia subquad1'ata Evans ancI Shumal'd ____ _____ 4, 15, 17 
T ellil'l(t sci/'uZa Meek and Hayden___ ________ __ __________ 19 
Ma.ctl·a lJl'a.cil'is Meek and Hayden ______ ____________ 1, 2, 11, 13, 

22,28,34,35,36,38,40,41 
MactTa camQnel1sis Meck _____ ____ ____ ~________________ 33 
]JIactra sp--____ ____________ ______ __ __ __ __ ____________ 14?, 17 

D cntaliutn gTaci,le Hall and Meek __________________ ___ _ 20, 27? 
DC1Lta·liurn sp__________ _____ _________ __ ____ _______ __ __ 4 
Lunatia dakotons'is Hendersoll ____ ________ ____ ____ 3, !)?, 20, 33 
Lunatia sp ______ __ ____________ __ __ ___ _____ ___________ 27, 37? 

TntTitella sp., probably new_____ ____ __________ __ __ ___ __ 2 
81 Collections made from the core rock of tepee buttes are indicated by Fasc'iolaTiaf cf. F. cheycnnensi.g Meek. and Hayden ___ __ 41,20 

asterisks. 

f 
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above the base of the Benton in this section. 
lots include the species in the following list: 

These PaTtiaZ section of Bt'idge CTeek tnembeT of G1'eenhoTn limestone 
on west side of Cheyenne CTeek in PToweTs County, CoZo, 

Globigerina sp. 
GlolJotruncana sp. 
Inoceramus sp. 
Ostrea sp. 
Ptychodus sp. 

GREENHORN LIMESTONE 

The Greenhorn limestone was differentiated as a 
formation by Gilbert.27 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 alt~rnating beds of 
fine-grained, compaet, pale bluish-gray limestone and 
light-gray laminated calcareous shale. The Greenhorn 
as recog~ized in western Kansas, however, has a thick
ness of 100 to 130 feet and includes three recognizable 
meJJ1bers 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 
witly the thicker and divisible section of western 
Kansas. 

In Hamilton County, Kans., which adjoins Colorado, 
Bass,28 recognized three members of the Greenhorn
the Bridge Creek limestone member at the top, the 
illtermediate Hartland shale member, and the basal 
Lincoln limestone member. The Bridge Creek member 
consists of an altel'l1ation of limy shale Q.nd chalky lime
ston~ 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 numero-us thin beds of 
hard finely banded gray limestone that weathers brown, 
Thetje beds are most abundant near the top and base of 
the ,member, which is 35 feet thick. 

These divisions of the Greenhorn mmy also be recog
nized north of the Arkansas' River in eastern Pro weI'S 
COlmty, Colo. The Bridge Creek member is exposed 
along the west side of Cheyenne Creek from the NW1,4 
sec. 8, T. 23 S., R. 41 W., northward to the NE1,4 sec_ 6 
of the same township. A partial and approximate 
section follows: 

Z1 Gilbert, G. ](", l'lJe underground water of the Arkansas Valley in 
eastern Colorndo: U. S. Geo!. Survey 17th Ann. Rept., pt. 2, pp. 
564-565, 570, 1896. 

""Bass, N. W., op . cit., l!p. 66-70. 

Ft. in. 
Limestone, gray; weathers into hard yellowish-gray ir-

regular fiat slabs; numerous InoceTamus labiat1t.q____ 6 
Concealed _____________________________________________ 1 6 

Limestone, gray, with InoceTamus Zabiatus______________ 6 
COncealed ________________ ____ _________________________ 2 

Limestone, gray, with Inoce1'amus Zabiatus ______________ 2 6 
Concealed __ ___________ __ ______________________________ 3 6 

LiDlestone, gray__________ _______ _____ _________________ 6 
Concealed __________ ______ _____ ______ ___________ _______ 3 8 

LiDlestone, gray______ _________________________________ 4 
Concealed _____________________________ ____ __________ __ 1 

Limestone, gray______________ _________________________ 4 
Concealed _________________________________ _______ _____ 5 6 

Limestone, gray, with InoceTamus labiatus______________ 8 
Concealed __________________________ _____________ ______ 1 6 

Limestone, gray, with InoceTamus Zabiatus__ ____________ 8 
Concealed _____ ~ _________________ ___ __ _________ ___ _____ 2 

Limestolll~, gray, with Inoceramus labiat~ts______________ 8 
Concealed ____ ~ _____ __________ _____ ____ ___________ _____ 5 6 

(Above this ~oint the section is approximate.) 
Limestone, gray, bedded___ ________ ___ ______ __ ___ ___ ___ 6 
Shale, chalky, poorly exposed _______ ________ __ _________ 1 8 
Limestone, chaljl:y, thin-bed'ded_________________________ 5 
Shale, chalky, -poorly exposed __________________________ 1 
Limes:one, white, chalky ________ __ __ __________________ 3 

Shale, chalky, thin-bedded, with a few hard white and 
gray limestone lenses less than half an inch thick _____ 2 11 

Bentollite __ _ ~ _________________________________________ 5 

Limestone, gray; weathers white; single bed, with ver-
tical joints. from 2 to 8 inches apart; upper p~rt some-
what chalky______________________ _____ ____ _______ __ 6 

Shale, chalky, pp.per-bedded ________ ___ _____ ____ ____ ____ 1 10 

Limestone, gray; weathers white; single bed, with ver-
tical joints from 2 to 8 inches aparL ___ __ ___ -'____ __ __ 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, w ith one zone of limestone 
lenses 2 inches thick below the water level -6f a lIug 
pool. 

Total measured - --- --- ------_____ ______ .,. ________ 44 3 

This section when plotted can be correiated at least 
approximately with the lower part of the section of the 
Bridge Creek member published by Bass,29 The 
5-inch benton\te bed resting on 6 inch~s ~f limestone 
can be correlated with a similar bed neal' the base of the 
Hamilton qounty section, and a zone of Itbundant fos
sils 30 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 "SW% sec. 12, T. 23 S., R. 41 W., a bed 
of bentonite 5Y2 inches thick crops out above a bed of 
limestone 6 }nches 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 SE14 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 NE14 sec. 18 and NW14 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 SW14 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 Q to 12 inches 
thick. 

The upper part of the Greenhorn limestone is also 
exposed in the NW14 sec. 18 and the Wlh sec. 7, T. 22 S., 
R. 44 W. 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
ceJltral part of sec. 7, T . 22 S., R. 44 W., a partial 
section of. the top of the Greenhorn limestone and basal 
pa~t of the overlying Fairport chalky shale member of 
the Carlile s,hale . was measu~ed, as follows: 

Part'iaZ section of top of Gr66nhorn limestone and ba86 of 
Oarlile shal6 in sec. "I, T. 22 S., R . . H W. 

Fairport chalky sl;J.ale .member of Carlile shale: 

P a1-t ial secti on of top of (h'6enhorn lim6ston6 and baS6 of 
Oar li1f3 shal6 in sec. "I , T. 22 S., R. H W.-Continued 

Ft. 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 _________________________________ _ 

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

4 

10 

fragments ______________________________________ 3 10 
Limestone, gray __________________________________ _ 
Chalky marl, poorly exposed _____________________ _ 

Limestone, gray, dense; breaks into numerous ' ir-
regular fla t slabby plates and chips; in part 
stained rusty yellow; Inoc6ramu8 labiatu8 _______ _ 

Chalky marl, soft, poorly exposed _________________ 1 

Limestone, gray; breaks into thin :flat chips in 
lower 2 inches; Inoc6ramu8 labiatu8 ___________ _ 

Chalky marl, in part :flaky and paper-bedded _______ 1 
Limestone, gray; weathers very light gray; dense, 

with an irregula r lower surface. Contains abun-
dant Inoceramu8 labiatus ______________________ _ 

Chalky, marl, flaky and paper-bedded in parL ___ __ 1 
Limestone, chalky, gray; breaks into irregular flat 

chips __________________________________________ _ 

Chalky marl, yellowish gray, :flaky and paper-bedded 

4 
10 

5 
2 

6 
1 

7 
1 

3 

in parL _____________________________ ___________ 1+ 

Partial thickness __ _________________________ 11 11 
Total measured ______________ _______________ 20 11 

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, lV2 miles north of McClave, 

.u 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: 

Chalky shale. Ft. in. S6ction of UPP6r part of Gr66nhorn limeston6 13h mil68 north 
Limestone, gray, with Inoc6ramus ________________ _ 
Chalky shale - ____________________________________ 2 
Limestone, gray __________________________________ _ 
Chalky shale _________________________________ ____ 2 

Limestone, white, hard; breaks in curving plates 
and :flat slabs; in part weathering to yellowish gray ___________ _______________________________ _ 

3 of McOlave 
3 ft ~ , Shale, rnarly _______ _________________________________ 51-
3 Limestone__________________________________________ 4 
6 Shale, calcareous, tan __ _____________________________ 5 

Limestone, gray ______________________________ ______ _ 

Shale, calcareous ______________ ~-------------________ 1 
5 Limestone, gray, with Inoceramus labiatu8 ___________ _ 

2 
1 
3 

,. 

I , 
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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 poin.ted out by Gilbert 8 5 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 pronQunced 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 ~n 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 86 

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. 
86 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 :)f 
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 assem
blage characteristic of the Pierre shale to that charac
teristic of the Fox Hills sandstone. Neither top nor 
base of this transition zone is sharply defined, but it is 
certainly some hundreds of feet thick and appears to be 
characterized faunally by Inoceramus fibrosus (Meek 
and Hayden), Baculites grandis Hall and Meek, and 
several species of Discoscaphites. It is notable that iI}. 
this region in the upper part of the transition zone and 
in the base of the overlying Fox Hills sandstone an as
sociation of such forms as InocerU1m11J)8 sagensis Owen 
and B aculites grandis Hall and Meek with the Disco
scaphites and species of Sphenodiscus is not uncommon. 
In other regions where Pierre and Fox Hills are recog
nized this association is so rare as to be virtually non
existent. 
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the argillaceous material as included shale, and therefore an 
impurity rather than an essential constituent of the tepee rock. 

The rock has a coarse texture, breaks with rough fracture, 
and its general color is a light, warm gray. It is full of fossil 
shells, and the microscope shows that they are embedded in a 
matrix which is composed of fragments of shell, water-worn 
grains of calcite, Foraminifera, and clay. Cross sections of 
Lucina shells show that the origmal shell structure remains, 
although the lime of the shell has been recrystallized into cal
cite. Inside of the shell wall there is a band of radiating crys
tals of calcite, showing well-marked spherulitic structure. The 
calcareous ooze which must have at first occupied the central 
cavity of the shell has recrystallized into very pure calcite, 
leaving the clay impurities at one side of the shell. This cen
tral calcite crystal is the same individual which has replaced 
the lime of the shell, for the two parts extinguish together, the 
cleavage cracks extend from the center through the outside, 
and when the spherulitic band is faulted the clear calcite is 
continuous through the cracks. Experiments showed the spher
ulitic layer to be slightly less soluble in dilute hydrochloric acid 
than the clearer calcite. 

In a few thin sections examined by the writers there 
is considerable variation in the nature of the rock. On 
the whole, the proportion of shell material is much 
less than half of the total bulk. In some of the Luoina 
shells there is a division of the shell into three zones
an outer band that is composed of relatively few calcite 
crystals, a wider central layer of fibrous calcite with 
flamboyant extinction, and an inner layer of variable 
thickness which consists of small calcite crystals inter
locking in a granular mass that grades into the matrlX 
filling the shell. This granular layer is not common, 
and where it is absent the fibrous layer grades into the 
matrix. The fibrous layer may also be absent from 
either one or both valves of the shell, but the outer 
layer of large calcite crystals retains a sharp boundary 
with the shell filling, although it may be partly or 
wholly replaced by chlorite. No central calcite crystals 
were observed within the matrix that fills the shells. 

The bulk of the rock is fine-grained, consisting of 
intimately intermixed clay and calcite. Although the 
distribution of these materials varies greatly, there is a 
marked tendency for the clay to occur in somewhr.t 
darker, cloudier patches, in cross section having a circu
lar, elliptical, or irregular shape. These clay patches 
range from 0.1 to 1 millimeter in diameter in different 
slides examined but exhibit less size variation in indi
vidual slides. Although the appearance of some of 
them suggests a coprolitic origin, it seems probable that 
most of.them may represent flocculated clay pellets. In 
some slides granular interlocking areas of calcite occur 
in a fine-grained clay-calcite matrix; darker patches, 
chiefly of clay, occur in the same type of matrix; and 
patches of clay occur in areas of more coarsely crystal
line calcite. Some of the clay patches are irregular and 
bounded by areas of calcite grains with crystal -out
lines. These irregular clay masses seem to be segrega
tions produced during recrystallization of the rock. 

Brown, darkly translucent or black opaque organic 
matteI' of various types occurs in small and broken frag
ments throughout much of the rock. In some areas, 
notably in the matrix within one Luoina shell near the 
hinge and within the outer calcite layer of another 
Luoina shell, in lines paralleling the shell banding, are 
minute nearly black grains, 15 to 50 microns across, 
which from their crystal form were pyrite, but which 
because of their slight translucency and reddish-brown 
color in reflected light now appear to be of limonitic 
composition. The writers' thanks are due to C. S. Ross, 
of the Geological Survey, for confirmatory examination 
of these grains and some advisory comments on the 
nature of the rock in general. 

The clastic content of the rock is small and variable, 
some slides showing virtually none and others having 
anappl'eciable amount of very angular grains of quartz, 
feldspar, and accessory ferromagnesian minerals. The 
grains observed were as much as 0.2 millimeter in 
diameter. 

Foraminifera were observed in most of the slides but 
are not numerous. 

Gilbert 84 concluded that the most satisfactory expla
nation of the tepee cores was that each "was the site of 
a colony of Luoina and that the remains of each perish
ing generation furnished in some way conditions favor
able to the life of the next", although he considered that 
know ledge of the tepees at that time was not sufficient 
to definitely establish this as the correct explanation. 
Some of the difficulties in accepting the theory of colo
nial origin, as above outlined, were pointed out by 
Gilbert. In the first place the predominant shell of 
the tepee cores, Luoina, is neither known to be a colonial 
species nor to be a species that would especially flourish 
on the presumably more stable foundation afforded by 
the shells and broken shell fragments of preceding gen
erations. Luoina occurs in some abundance in the ad
joining shales and is found elsewhere in sandy shales 
and sandstones. Some of the shells in the tepee cores 
are wholly embedded in the matrix and in general are 
no more commonly adjacent to or resting on other shells 
than would be expected from their relative abundance 
in the rock. Nor is it known that individuals of Luoina 
at any stage utilized or required an attachment. In 
the second place, the bulk of the material of the tepee 
cores is fine-grained calcite and clay, which gives no 
indication of being of organic origin, except for the 
possible coprolitic structures mentioned above. 

On the other hand, the slight differences observed 
between the matrix within and outside the shells and 
other features of the rock suggest that it is an original 
sedimentary deposit rather than a concretionary aggre
gate, and the particular abundance of Luoma shells 

.. Gilbert, G. K., and Gulliver, F. P., op. cit., p. 339. 
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Section of upper pal' t of Greenhorn limestone llh mi les north 
of McOlave-Continued 

Ft. in. 
Chalky marl, tan, with shell fragments ___ ____________ 3 
Limestone, gray_____________ _______________________ 3 
Marl, tan___________________________________________ 1 3 
Limestone, light blue gray, " ,~h Inoceram~t8 labiat~t8__ 5 
Marl and shale _____________ . _______________________ 2 
Limestone, marly___________________________________ 6 
Shale and marl_____________________________________ 1 5 
Limestone, light gray ___________ __ ___ _____ ___________ 6 
Shale, calcareous _______________________ _____________ 3 6 
Limestone, light gray ________________________________ 4 
Marl _____________ __________________________________ 2 6 

Limestone, blue gray, with Inoceramu8 labiatu8_______ 10 
Marl, tan___________________________________________ 10 
Limestone _______________________________ ___________ 3 
Marl, tan___________________________________________ 8 
Limestone, blue gray, hard___________________________ 3 
Marl, with a small amount of limestone ______________ 2 
Marl and shale, buff_____________________________ ___ 8 
Limestone, gray _____________________________________ 5 
~1arl _______________________________________________ 1 5 

Limestone, granular, sofL __________________________ _ 
Marl, shaly, tan, with Inoceramu8 labiatu8 __________ _ 
Limestone, white to light gray _________________ _____ _ 

3 
7 
9 

Marl, with a small amount of limestone _______________ 2 10 
Limestone, gray, with Inoceram~t8 labiatu8 ___ __ ______ _ 
Marl, tan ___________________________________________ . 1 
Limestone, white ___________________________________ _ 
Marl, tan ___________________________________________ 1 

5 

6 
3 

Limestone, blue gray ______________________________ ~_ llh 
Marl_____________________________ ______ ____________ 10 
Limestone __________________________________________ llh 
Marl, tan ______________________________ ~ ____________ 1 
Limestone, light gray ________________________________ 6 
Marl_______________________________________________ 2 
Limestone, blue gray, hard__________________________ 1112 
Marl, tan and light gray _____________________________ 1 8 · 
Limestone, blue gray ________________________________ 4 
Marl, tan and dirty brown ___________________________ 1 ± 
Limestone, light gray, vertically jointed______________ 4 
Marl, tan___________________________________________ 10 
Limestone, white____________________________________ 3 
Marl, tan_________________________________________ __ 11 
Bentonite______________________ _____________________ 7 
Shale, chalky ______ _________________________________ 7 
Limestone, white__________________ __________________ 3 
Shale, chalky tan___________________________________ 6 
Limestone, white____________________________________ 10 
Shale, chalky tan___________________________________ 6 
Limestone, white-___________________________________ 10 
Marly chalk ________ _____ ___ ________________________ 2 

Total measured ______________________________ 56 8112 

Small exposures of the upper part of the Greenhorn 
limestone in the SW14 sec. 16, T. 22 S., R. 50 W., along 
the western part of the south line of sec. 8, T. 22 S., 
R. 50 W., in the SE14 sec. 11, T. 22 S., R. 51 W., and ill 
the northern part of sec. 35, T. 22 S., R. 53 W., show 
that it persists westward as a lithologic unit of alter
nating limestone and chalhy shale beds, but its thick
ness is not known, and exposures of the lower part were 
not observed. 

77388-37-2 

In the NW14NW14 sec. 5, T. 24 S., R. 54 W., south of 
the Arkansas River, exposures of Greenhorn limestone 
about 30 feet thick show that it consists of beds of white 
limestone from 4 to 8 inches thick interbedded with 
g c. y calcareous shale in beds 6 to 12 inches thick. 
1 nOOera1nU8 labiatu8 is present in abundance at these 
exposures. 

In the Pueblo quadrangle 30 the Greenhorn has a 
thickness of 35 to 50 feet. East of that area, in the 
Nepesta quadrangle,31 it has an aggregate thickness of 
50 feet, and to the south, in the Apishapa quadrangle,3~ 
it is reported to be about 30 feet thick. In the vValsen
burg quadrangle it is described as consisting of layers, 
from 3 to 4 inches thick, of dove-colored limestone, 
separated by partings of gray shale. The aggregate 
thickness is about 30 feet. At a locality 10 miles north
west of Vermejo Park, on the east flank of the Sangre 
de Cristo Range, in New Mexico near its northern 
boundary, the Greenhorn, as separated by the writers, 
includes 25 feet of such alternating limestones anu. 
shales and also 25 feet of hard gray limy shale over
lying them. The Greenhorn may also be recognized 
farther west in southwestern Colorado and on the east 
side of the San Juan Basin in northwestern New Mexico 
as a similar thin unit of alternating beds of limestone 
and shale. In the La Junta region 83 the total thickness 
is about 50 or 60 feet. In view of the fact that the 
thickness of the Greenhorn in western Kansas is from 
100 to 130 feet, it seems likely that the lower members 
of the Greenhorn in Kansas merge westward into the 
upper part of the Graneros shale. This inference is 
supported oy the westward thickening of the Graneros 
shale. 

The thickness of the rocks of Benton age in the 
aggregate remains nearly the same from west to east, 
as shown by the plotted logs of ,several wells (fig. 10) 
and also by the thicknesses given for the several forma
tions by writers on various areas (to defer, for the 
present, consideration of an anomalously thin Carlile 
shale section in the La Junta region). The published 
descriptions of the upper portion of the Graneros where 
it has a thickness of 200 feet also suggest that its 
content of calcareous shale and limestone is greater 
than that of the Graneros of western Kansas and that 
it may represent an equivalent of the lower portion of 
the Greenhorn of Kansas. For example, in the La 
Junta region 34 the Graneros contains thin limy beds 
40 to 50 feet below the top of the formation, and in the 
Apishapa quadrangle 85 a thin fossiliferous platy sand-

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

31 Fisher, C. A., op. cit., p. 2. 
8!l Stose, G. W., op. cit., p. 6. 
!!3 Patton, H. B., op. cit., p. 15. 
M Idem, pp. 14-15. 
so Stose, G. W., op. cit., p. 5 . 
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stone is found about 45 feet below the top of the Gra
neros. Farther west, however, in a section measured 
by the writers at Colorado City, west of Colorado 
Springs, the upper portion of the Graneros contains 
no limy beds. In this section the Graneros is 210 feet 
thick and the Greenhorn somewhat more than 20 feet. 
The width of outcrop of the Greenhorn as shown on 
the geologic map diminishes rather abruptly westward 
from the vicinity of Wiley. 

So far as known the Greenhorn in Colorado is tran
sitional into the overlying Carlile shale as well as into 
the underlying Graneros shale. A paleontologic dis
tinction between Carlile and Greenhorn is reported in 
western Kansas and may exist also in eastern Colorado. 
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Local-ity 
Lunatia1 sp__________________________________________ 2 
Exiteloceras pariense (White) _________________________ 7 

1. 15743, Mount Morrison-Bear Creek locality. (See p. 210.) 
2. 15818, secs. 16 and 17, T. 22 S., R. 50 W. 
3. 16068, NW1,4 sec. 18, T. 22 S., R. 44 W ., along Oottonwood 

Creek. 
4. 16069, SW14 sec. 7, T. 22 S., R. 44 W. 
5. 16076, NE14 sec. 11, T. 22 S., R. 48 W. 
6. 16077, :r-.TW14 sec. 30, T. 22 S., R. 46 W. 
7. 16078, NE14 sec. 12, T. 22 S., R. 49 W. 

The rarer species, however, include a considerable 
variety of forms. Reeside has under study collections 
from the Greenhorn limestone of the Arkansas Valley 
and the foothill region of Colorado that contain the 

'. 

following forms in addition to those listed 
above: Echinoid, Sterno taxis ,'i! n. sp.; bra
chiopod, Orania n. sp.; pelecypods, Inoce-
1'amus d. I. lamarcki Parkinson, Ost1'ea 

is sp., Sauvagesia? sp.; gastropods, 0 eri-., 
~ thium? sp., Anchura.'i! sp., Aporrhais 
~ (P erissoptera ) prolabiata White; A niso-

myon? sp.; cephalopods, N eoptychoceras 
sp., Baculites gracilis Shumard, Tragodes
moceras n. sp., W atinoceras? coloradoense 

~ 
~ (Henderson), Watinoceras ? n. sp., Roma-

nwm'as n. sp., N eo cardioceras septemseria
tus (Cragin), T homasites n. sp., M ammites 
n. sp., N eoptychites n. sp., S caphites n. sp., 

!;,! Pseudolissotia (Oholfaticeras) n. sp.,Meto
~ icoce1'as whitei Hyatt, }'fetoicoce1'as d . M. 
~ 
:J irwini Moreman. Morrow 36 l'ecords T1'a-

~ 
go-desmoceras bassi Morrow from Colorado. 

on 

CARLILE SHALE 

FIGURE 10.-Graphic sec tions showing the thickness of the rotks of Bpntot;l age nt 

The Carlile shale was named by Gil
bert 87 from Carlile Spring and Carlile 
station, 21 miles west of Pueblo. It was 
described as a gray argillaceous shale 175 
to 200 feet thick. In the Pueblo quad

various places in the Arkansas Valley as given by drill e rs' logs of several wcll £, 
with a compari son of the stratigraphic section of these rocks as divided in Hamil
ton County. Kans., nnd in the Ncpesta quadrangle, Colo. 

The fossils recorded from the Graneros of eastern Colo
rado are of types also found in the Greenhorn and may 
therefore have come from shaly beds equivalent to the 
lower part of the Greenhorn. 

Fossils other than a few species of Foraminifera and 
Inoceramus labiatus are not common in the Greenhorn 
limestone. Severi' collections made by the writers con
tain the following species. The large numbers (15743, 
etc.) in this and other lists of localities are the num
bers in the United States Geological Survey Mesoz;oic 
invertebrate collection. 

J,OCl!z.ity 
Glob'igerina sp ________________________________ __ __ __ 1, 2, 3, 6 
Globotr"uncana sp____________________ _____________ __ __ 2 
Inoceramus labiattts Schlotheim ______ _____ ____ 1, 2, 3, 4, 5, 6, 7 
I noceramus sp______________ ______________________ __ __ 1 

rangle the upper fourth contains some sand, and the 
topmost portion is described as a yellow friable sand
stone. Farther east "the sandstone is often replaced 
by a purplish limestone." Large septarian calcareous 
concretions occurring 20 to 50 feet below the top of 

,the -formation are also noted. 
in Russell County, Kans., the Carlile shale was 

divided into two members, the Blue Hill shale member 
above and the Fairport chalky shale member 38 below. 
These subdivisions were later recognized in Ellis and 

:J(J Morrow, A. L., Cephalopods from the Upper Cretaceous of K ausas : 
Jour. Paleontology, vol. 9, no. 6, p. 468, pI. 53, fig. 4; t ext fig. 1, 1935. 

S7 Gilbert, G. K ., The underground water of the Arkansas Valley in 
eas tern Colorado : U. S. Geol. Survey 17 th Ann. Rept. , pt. 2, pp. 
565- 566, 570, 1896. 

'., Rubey, W. W., a nd Bass, N. W., The geology of Russell Conn ty, 
Kans. : Kansas Geol. Survey Bull. 10, p. 33, 1925. 
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several hundred feet above the main series of tepee seems probable to the writers that they are restricted 
buttes. to a certain zone whose limits differ somewhat from 

In the vicinity of Fountain, in the Colorado Springs place to place, that this zone diminishes southeastward 
quadrangle, the writers estimated that the "tepee zone" in thickness, and that the shales below it but above the 
was roughly 1,500 feet thick and the overlying portion "rusty zone" also diminish southeastward in thickness. 
of the Pierre shale was also 1,500 feet thick. As these In form, the tepee buttes, as their name implies, are 
estimates agree moderately well with the thicknesses of low conical hills rising above the general level of the 
1,275 feet for the "tepee zone" and 1,885 feet for the surrounding country. At the top of each is an irregu
overlying Pierre shale measured by Lavington,78 the lar cap of light-gray or brown limestone, much frac
writers believe that their estimate of 2,000 feet of the tured and containing great numbers of fossil shells, 
Pierre shale below the "tepee zone" west of Fountain among which Lucina occidentalis is everywhere pre
and south of Little Fountain Creek may be correspond- dominant. The shells are more or less completely re
ingly reliable. The total thickness of the Pierre in the crystallized to translucent or transparent calcite, nor
Colorado Springs region is therefore about 5,000 feet. mally with a yellowish cast, and the containing rock is. 
If these estimates are correct, the "tepee buttes" occur . in places seamed with intersecting veinlets of similar 
considerably lower in the section in the Pueblo region, calcite. On some of the buttes the limestone rock re
where they are f.ound at horizons beginning 1,200 feet veals a poorly defined, irregular horizontal stratifica
above the base of the Pierre and only 200 feet above tion. The slopes of most of the buttes expose the shale 
the top of the "rusty zone." in which the limestone masses are embedded, but almost 

As the total thickness of the Pierre is known to dimin- all of them are thickly strewn with disintegrated frag: 
ish greatly southward from Colorado Springs,79 the ments of the hard rock exposed at the top. It is obvious 
lower occurrence of "tepee buttes" in the Pueblo region that the topographic form of the buttes is due to the 
may be due to thinning of the 1,000 feet of shaly beds greater resistance to erosion of the central capping mass 
below the "tepee zone" in the vicinity of Fountain to of limestone. As the result of the most critical study 
about 200 feet near Pueblo. In fact, Lavington 80 be- of the origin of the tepee buttes which has been made, 
lieves that on the west side of Baculite Mesa, northeast Gilbert and Gulliver 81 concluded that the limestone 
of Pueblo, small conical buttes from the overlying masses had the general form of vertical cylindrical 
"tepee zone" actually range down into the "rusty zone." cores, and this conclusion has been followed by all sub
The "tepee zone" also apparently thins southward from sequent observers. Inasmuch as it seems to the writers 
Colorado Springs to Pueblo and eastward from Pueblo that the same topographic form might well be produced 
to about 500 feet in the N epesta region and in the region by an essentially equidimensional concretionary mass, 
north of Olney Springs, Ordway, and Arlington. In it is unfortunate that exposures of the vertical dimen
this region also the interval between the base of the sion of the tepee cores are rare. The greatest height of 
"tepee zone" and the top of the "rusty zone" is appar- a core actually observed by Gilbert was 18 feet, and the 
ently less than 100 feet. The base of the zone in horizontal dimensions of this core were not stated. In 
which "tepee buttes" occur is about 1,350 feet above only one tepee butte examined by the writers could it 
the base of the Pierre southwest of Boyero and about be definitely ascertained that the vertical dimension 
1,100 feet above the base north of Kit Carson. Exclu- was greater than the horizontal. 
sive of the Sharon Springs member and the overlying Tepee cores have, however, been reported to have 
"rusty zone" at these places the intervening part of the vertical dimensions of as much as 50 feet,82 and the 
Pierre shales below the "tepee zone" thins eastward shape of one core has been described as tapering down
from perhaps 650 feet southwest of Boyero to 400 feet ward like an inverted cone. 
north of Kit Carson. It should be understood that The tepee-core rock has been described as follows: 83 
the thicknesses given above are estimates only. The tepee rock is essentially a calcium carbonate, the ratio 

Because the "tepee buttes" occur in widely separated of calcium carbonate to magnesium carbonate being 18 to 1 in 
groups and because the concretions that form them are the single sample analyzed. That sample contained also 12 per
embedded in shale in which no distinguishable litho- cent of argillaceous material. For comparative purposes, anal-

yses were also made of the enclosing shale and of one of the 
logic or faunal zones have yet been discovered, there is ordinary concretions of the shale, the determinations showing 
no real assurance that these concretions are actually that the tepee rock does not differ materially in composition 
confined to a stratigraphically definable zone in the from the concretions, and that the argillaceous material is 
Pierre shale. Nevertheless, from their distribution it practically identical with the shale. This permits us to regard 

,. Lavington, C. S., op. cit., fig. 1. 
'D Hills, R. C., U. S. GeoI. Survey GeoI. Atlas, Walsenburg folio (no. 

68), p . 2, 1900. 
so Lavington, C. S., op. cit., pp. 399-400. 

Ill. Gilbert, G. K ., and Gulliver, F. P., Tepee buttes: Geol. Soc. America 
Bull. , vol. 6, pp. 333-342, 1895. 

82 F isher, C. A. , U. S. Geol. Survey Geol. Atlas, Nepes ta folio (no. 
68) , p. 2, 1906. 

.. Gilbert, G. K., and GUlliver, F. P., op. cit., pp. 336-337. 
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On the north side of Apache Creek, 1112 miles south
west of Hayden Butte, in the Walsenburg quadrangle, 
there are extensive exposures of an earthy sandstone 
about 60 feet thick. Near the middle is a zone of large 
limestone concretions. Below the sandstone dark shale 
with rusty concretionary beds a few inches thick is ex
posed for 50 feet, more or less, and above it lie black 
thin-bedded shales with some rusty streaks. The ex
act stratigraphic position of the exposures was not as
certained, but they are clearly in the lower part of the 
Pierre, possibly about 500 feet above the base. Ino
cemmU8 8agensi8 Owen and Baculite8 asper Morton 
were collected from concretions about 5 feet above the 
top of the sandstone. 

On the north side of the Huedano River 3 miles 
northeast of Badito there are exposures of an earthy 
gray and buff well-bedded sandstone, for the most part 
well indurated, with some _brown concretionary beds. 
Overlying the sandstone is 5 feet of sandy shale with a 
concretionary zone at the top from which Inoceramu8 
8agensis Owen, Baculite8 a8per Morton, and Scaphite8 
nod08U8 Owen val'. were collected. This concretionary 
zone is overlain by black paper-bedded shales that con
tain a few rusty concretionary beds. Below the sand
sto"ne there is sandy shale with some rusty concretionary 
beds and a few yellow flattish concretions 1 foot thick 
and as much as 20 feet in length. The interval from 
the sandstone described to the top of the Niobrara was 
not determined but is probably more than 300 feet. 
The two exposures of sandstone described may be the 
Apache sandstone of PrommeI.76 

Still farther south, at a locality 6 miles north of 
Stonewall, road cuts expose the lower part of the Pierre 
shale, which at this place dips vertically. Although 
penetrated by sills of dark igneous rock and possibly 
somewhat squeezed and faulted, these exposures give a 
good idea of the lithology of the lower part of the 
Pierre. A carefully estimated section is as follows: 

Seotion of P'ie1're shale 6 miles north of StonewaU 

Pierre shale: Feet 
Shale, black _________________________ _______________ _ 200 

Sandstone, fine-grained, ~arthy, lumpy-bedded, and 
sandy shale_______________________________________ 20 

Shale, slightly sandy. In the upper part are two 
beds of yellow-weathering concretionary limestone 
and a few thin streaks of shaly limestone __________ 260 

Shale, light gray, lumpy-bedded, with some small rusty 
concretions _______________________________________ 120 

Concealed __________________________________________ 40 

Shale, like that exposed next above _________________ 150 
Shale, black, thin-bedded, In the basal part are a 

very few thin sand streaks ________________ ________ 100 

Thickness exposed ____________________________ 890 

Niobrara formation: Shale, calcareous, with a thin dense 
impure limestone bed in the upper part. 

,. L~vington, C. s., op. cit., p. 399. 

In the western part of the town of Pueblo, 0.6 mile 
north of the Arkansas River and 0.6 mile east of Dry 
Creek, outcrops of the basal part of the Pierre reveal 
a sandy lithology not observed in areas to the north or 
east. At this place the exposures display alternating 
beds of dark-gray shale and yellowish-weathering 
sandy shale, overlain by at least 10 feet of very fine 
grained yellow earthy sand, some beds of which are 
soit, though others are cemented by lime to a hard 
coherent rock. This sandy zone may be as much as 300 
feet stratigraphically above the highest exposures of 
Niobrara observed by the writers, but as it appears to 
lie near to or even below the Niobrara-Pierre contact 
as mapped by Gilbert, the sand presumably lies in the 
basal part of the Pierre. These beds contain fish scales 
and numerous macerated plant remains, together with a 
few invertebrate fossils. (See collection 15753, p. 230.) 

UPPER PART 

In the area north of the Arkansas River a wholly 
satisfactory lithologic' or faunal subdivision of the 
Pierre above the "rusty zone" is difficult to make. In 
part this is due to the absence of readily distinguish
able differences or reliable key beds in the thick mass of 
shaly rocks. In part also it is due to the wide expanse 
of exposure with low dip and broadly level topog
raphy, with a resulting lack of extensive vertical ex
posures. There is also much concealment by younger 
unconformable Tertiary and later deposits. The dif
ferentiation of the Pierre is further complicated by the 
fact that the original thickness of the formation dimin
ished by several thousand feet across the area which is 
now eastern Colorado. 

Several previous writers have differentiated the 
"tepee zone" of the Pierre, distinguished by the pres
ence of "tepee buttes"-small, sharply conical hills, 
formed by the superior resistance to weathering of 
large concretionary masses of limestone. (See pI. 65, 
A, B.) As defined by Gilbert,r6 the zone is 1,000 feet 
thick, overlying the "Baculite zone" and including the 
upper part of the Pierre as exposed in the Pueblo 
quadrangle. According to Fisher's description of the 
Pierre of the N epesta quadrangle, the zone is 500 feet 
thick, underlain as in the Pueblo area by about 1,200 
feet of shales but overlain by about 600 feet of light
gray sandy shales. 

Two zones of tepee buttes were recognized near Foun
tain by Lavington.77 East of Hugo, in the southwest
ern part of T. 11 S., R. 52 W., there are large concre
tionary masses much like tepee cores, but probably hav
ing less vertical than horizontal extent. These occur 

•• Gilbert, G. K., U. S. Geo!. Survey Geol . Atlas, Pueblo folio (no. 
36), p. 3, 1897. 

,. Lavington, C. S., op. cit., p . 402. 
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Hamilton Counties.a9 In Ellis County a fine-grained 
sandstone about 20 feet thick at the top of the Carlile 
shale was named the Codell sandstone bed of the Blue 
Hill member by Bass. The Codell sandstone bed was 
also found in Hamilton County, Kans., near the Colo
rado State line, where it consists of sandstone about 2 
feet thick in the upper part, underlain by 20 feet of 
sandy shale. The subdivisions of the Carlile shale ma~e 
in Kansas are distinguishable also in the Arkansas Val
ley in eastern Colorado. As it is now generally re
garded as desirable to eliminate the application of 
names to units of less than member rank, the Codell 
sandstone as herein described is considered to be a mem
ber of the Carlile shale, equivalent in rank to the Blue 
Hill shale member, which underlies it, and to the 
Fairport chalky shale, which is the basal member of 
the Carlile shale in the area of this report. The Codell 
sandstone has previously been recognized as a member 
of the Benton shale in northeastern Colorado.40 

FAIRPORT CHALKY SHALE MEMBER 

In Hamilton County, Kans., the Fairport chalky
shale member consists of calcareous blue-black shale in 
the upper part, which becomes more limy and some
what lighter in color downward. Thin beds of chalky 
limestone alternate with limy shales in the basal 35 
feet_ The member as a whole has a thickness of nearly 
150 feet. The contact with the overlying Blue Hill 
was not sharply distinguished. At the base the Fair
port lithologically resembles the upper part of the 
Greenhorn limestone, but is paleontologically distin
guishable from it. 

At most places in the area shown on the map this 
lowest member of the Carlile is poorly exposed in com
parison with the two overlying members. There are 
some typical exposures of the upper part of the ]fair
port in the NW~ sec. 28, T. 22 S ., R. 41 W. The ex
posures consist of yellowish well-bedded chalky shale 
with rather numerous specimens of 08trea sp., Ino 
ceramU8 sp., fragmentary remains of fi sh, and rarer 
ammonites. 

The best exposures of the Fairport member are in 
the SE14 sec. 6 and the NE~ sec. 7, T. 22 S., R. 44 W. 
At the base it is much like the upper part of the under
lying Greenhorn, as shown in the measured section on 
page 212, but has possibly a somewhat more chalky 
aspect. The proportion of limestone diminishes rap
idly upward, and the bulk of the exposures consists of 
chalky shale. In the SW~SE~ sec. 6 a hard thin
bedded oyster-shell limestone near the top of the Fair
port makes a small ledge. There are, however, some 

so Bass, N . W., Geologic investiga tions in western Kansas, pt. 1, 
Geology of Ellis County: Kansas Geo!. Survey Bul!. 11, p. 26, 1926; 
pt. 2, Geology of H a milton Count y: Idem, p. 63 . 

"'Mather, K. F., Gilluly, James, and Lusk, R. G., op. ci t . (Bull. 796). 
p. 81. 

chalky marls above it, and the contact with the over
lying Blue Hill shale member is not sharply dis
tinguishable. 

Small exposures in the northeastern part of T. 22 S., 
R. 48 W., show that much of the Fairport there con
sists of chalky marl with lenses of hard gray crystal
line limestone a fraction of an inch thick. Oyster 
shells are abundant, as are also impressions of Inocera
mU8 shells. Beds of limestone as much as 1 foot thick 
are locally present. 

The contact between the Fairport and the overlying 
Blue Hill in sec. 27 and the NE~ sec. 34, T. 21 S., 
R. 49 W ., cannot be precisely set, but near the top of the 
Fairport is a bed 1 to 6 inches thick of very fine grained 
sandy crystalline limestone or calcareous sandstone. 
This bed is really an aggregate of lenticular beds 1 inch 
or less thick. Some of the lenses consist of closely 
packed oyster shells, and many of them carry broken 
Inoceramus fragments, worn shark teeth, and oyster 
shells. Below the bed lie slightly calcareous well
bedded shales and marly shales. There is apparently 
considerable variation in the lime content of individual 
beds, which range from one-sixteenth to one-half inch 
thick. The proportion of calcareous or marly shales 
increases downward, and the lamination of the rock 
becomes less regular and less distinct. The lowest ex
posures consist of light-gray chalky marl, with numer
ous fish scales, oysters, and I nOCe1'amU8 impressions. 
At least 25 feet of the upper part of the Fairport is 
exposed. 

Somewhat more than 20 feet of chalky marl of the 
Fairport is also exposed in the SW~ sec. 9 and the 
NE~ sec. 16, T. 22 S.,· R. 50 W. The basal part of the 
overlying Blue Hill member is concealed. 

The Fairport chalkj shale member is 147 feet thick 
in Hamilton County, Kans.,41 as determined from the 
log of a water well. No complete measurements of the 
member were made in eastern Colorado, but the mem
ber is estimated to be from 75 to 125 feet thick. 

In the La Junta region and farther west in the 
N epesta and Pueblo quadrangles 42 the Fairport chalky 
shale member cannot be recognized from the descrip
tions of the Carlile shale given in the literature. In a 
section of the Carlile measured by the writers at Colo
rado City, west of Colorado Springs, 55 feet of gray 
limy shale underlies black noncalcareous shale and over
lies gray limestone assigned to the Greenhorn limestone. 

BLUE HILL SHALE MEMBER 

The Blue Hill shale member consists predominant!y 
of black fissile noncalcareous shale. In the lower part 

<J. Bass, N. W., op. cit., p. 65. 
.. Patton, H . B., op. cit., pp. 42-43. F isher, C. A., op. cit., p. 2. 

Gilbert, G. K. , U. S. Geol . Survey Geo\. Atlas, Pueblo folio (no. 36). 
p. 3, 1897. 
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there is some calcareous shale, and the unit 
is not sharply separable from the under
lying Fairport. The uppermost part con
sists of slightly sandy shale, locally as much 
as 30 feet thick. In the upper part of the 
member there are almost everywhere large 
calcareous septarian concretions. These 
are commonly several feet in diameter and 
may be as much as 10 feet. The material 
of which they are composed is a dull 
bluish-gray dense argillaceous limestone, 
but they weather yellowish tan. They are 
abundantly seamed with septaria of calcite 
in coarse translucent tan crystals. Cone
in-cone structure is developed on many of 
the upper surfaces. These large septarian 
concretions may occur through a zone from 
5 to 30 feet in thickness, in most places 
about 10 feet. The stratigraphic position 
of the zone, however, seems to vary some
what, for they may occur from 20 to 55 
feet below the top of the Carlile shale. 
(See fig. 11. ) Concretions of the same 
nature and at the same stratigraphic posi
tion in the Carlile shale have been described 
as far west as the Pueblo quadrangle 48 and 
also to the east in Kansas.44 

CODELL SANDSTONE MEMBER 

At the top of the Carlile shale is a per
sistent but rather variable unit consisting 
of sandstone and sandy shale. This is the 
Codell sandstone member. Where Ol-igi
nally described in Ellis County, Kans./5 it 
consists chiefly of sandstone with some 
shaly sandstones interbedded. At the base 
it grades into the shale beds of the Blue 
Hill member. The Codell becomes less 
sandy southward, and in Hamilton County, 
Kans., it IS made up of about 20 feet 
of gritty shale containing thin streaks of 
shaly sandstone, overlain by 2 feet of sand 
at the top. 

At the easternmost locality observed by 
the writers (locality 17, pI. 64) , along 
Cheyenne Creek in Kansas, a third of a 
mile southeast of the northeast corner of 
sec. 17, T. 22 S., R. 41 W . (Colorado), 
the Codell consists of 22 feet of · soft, 
nodular-weathering sandy shale. Near the 

.. Gilbert, G. K ., op. cit., p. 3. 

.. Bass, N. W., op. cit., p. 63. 

.. Ir1em, p. 28. 
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states that they are present in the Canon City-Florence 
district. Lavington 71 believes that in northeastern Col
orado the Baculite zone recognized by Gilbert is not 
persistent over widespread areas. 

In the Nepesta quadrangle, which lies to the east of 
the Pueblo quadrangle, Fisher 72 recognized in the 
Pierre a basal black shaly "barren zone", 400 to 500 feet 
thick, succeeded by 500 feet of dark-gray shale with 
numerous rusty concretions of iron and lime carbonate, 
and this in turn by 100 to 200 feet of somewhat lighter 
gray shale with numerous baculites. 

Eastward to the Kansas line in the area shown on 
the map (pI. 64) small isolated outcrops show that the 
divisions recognized above carry through eastward. 
Some 2.4 miles north of Olney Springs are outcrops of 
shale with rusty concretionary beds and gray septarian 
concretions, representing a zone 300 to 350 feet above 
the base of the Pierre shale. These outcrops are prob-

- ably near the base of the "rusty zone" and indicate a 
somewhat diminished thickness of the basal "barren 
zone", which is not exposed in this locality. Outcrops 
near the base of the Pierre in a large ditch in the south
west corner of sec. 29, T. 20 S., R. 56 W., northeast of 
Lake Henry, consist chiefly of thin-bedded gray and 
dark-gray shale that is neither sandy nor calcareous. 
One thin bed of white bentonitic clay and two beds of 
red clay less than 1 inch thick were observed, and also a 
few yellowish and slightly sandy beds. About 3 miles 
northeast of Lake Henry, in the bank of Pond Creek 
where it crosses the line between secs. 16 and 17, T . 20 S., 
R. 56 W., are outcrops of shale which are estimated to 
be not more than 300 feet above the base of the Pierre. 
The lower part of the exposure consists of gray and 
dark-gray bedded shale, slightly sandy toward the top. 
The upper part consists of gray somewhat sandy shale 
and gray shale with abundant yellow and brown resin
ous fragmentary remains of fishes. One reptilian rib, 
possibly that of a mosasaur, was observed. There are 
some sandy layers. At the base of the upper part is a 
layer of soft white bentonitic clay. In the upper part 
of the exposure are large dark-gray dense limestone 
concretions. This exposure apparently represents the 
top of the basal "barren zone" of the Pierre. Although 
it is not definitely known to be immediately overlain 
by beds in which the rusty-weathering carbonate con
cretions are abundant, the next overlying exposures 
exhibit the "rusty zone" lithology. 

The basal portion of the Pierre is exposed also west 
and northwest of Haswell. The beds are mostly dark 
nonsandy shales with numereous gypsum crystals, 
though there are a few thin purplish-brown concre
tionary beds and some bentonite beds, of which one 
has a thickness of 3:112 inches. In the NW14 sec. 16, 

71 Lavington, C. S., op. cit., p. 403 . 
,. Fisher, C. A., op. cit., p . 2. 

T. 18 S., R. 52 W., a zone of large gray dense septarian 
limestone concretions in gray shale is succeeded up
ward by shale in which the dark reddish-brown "rusty 
zone" concretions are abundant. These exposures may 
represent the top of the basal "barren zone" of the 
Pierre, which cannot much exceed 200 feet in thickness 
in this vicinity. 

In the area intervening between the exposures 
northeast of Lake Henry and the exposures west of 
Haswell no outcrops having the lithology of the basal 
Pierre were observed. In the NW14 sec. 14, T. 18 S., 
R. 54 W., there are exposures of shale with abundant 
rusty-brown concretions less than 2 miles west of 
topographically higher exposures of calcareous shale 
that apparently belongs to the Niobrara formation. It 
seems more likely that this occurrence is due to a some
what steeper northwestward dip at this place than to 
absence of the "barren zone." 

In the western part of sec. 29, T. 15 S ., R. 46 W., an 
exposure shows calcareous· concretions with septaria of 
crystalline calcite embedded in gray to black nonsandy 
shale with much soft powdery gypsum. This exposure 
may also represent the top of the "barren zone" of the 
basal Pierre. 

Detailed studies in Wallace County, Kans., enabled 
Elias 73 to subdivide the lower part of the Pierre into 
several members, the lowest of which, the Sharon 
Springs member, conforms in lithology with the "barren 
zone" of the Pierre of eastern Colorado. The Sharon 
Springs member is 155 feet thick. It is overlain by the 
beds called "Weskan member" by Elias, which are suc
ceeded by his Lake Creek member· and that in turn by 
his Salt Grass member. These three members are char
acterized by abundant limonitic concretions, which have 
a rusty appearance. They have a combined thickness 
of 430 feet and appear to be equivalent to the "rusty 
zone" of the Pierre of eastern Colorado. 

The writers propose to extend the name "Sharon 
Springs member" into eastern Colorado to include the 
basal black-shale member above described, which is 
equivalent to the "barren zone" previously recognized. 
They feel that the overlying "rusty zone" has not yet 
been sufficiently studied or its upper limit in Colorado 
determined with sufficient accuracy to warrant designa
tion by a specific name. 

Although the Sharon Springs member as above de
fined appears to be a widespread and homogeneous unit 
of black clay shale which is present also in the northern 
foothill region and is recognized by drillers in north
eastern Colorado,74 scattered observations indicate that 
the lowest part of the Pierre may be more variable in 
its lithologic features in the southern foothill region . 

13 Elias, M. K ., The geology of Wallace County, Kans. : Kansas GeoI. 
Survey Bull. 18, pp. 58-116, 1931. 

•• Lavington, C. S., op. cit., p. 399. 
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FAUNA 

The following fossils were collected by the writers 
from the Niobrara formation: 

Smoky Hill marl member: Locality 
InoCerar.nU8 sp ___________________________________ 2,9,10 

Inocerar.nU8 deforr.nis ]deek?_______________________ 8 
Inocerar.nus aff. I. stantorlli SokolowL______________ 8 
Ostrea congesta Conrad ________________________ 1,2,9,10 

BacuZites codyensis Reeside________________________ 2 
Fish remains, undetermined _______________________ 10, 11 

Hays limestone member: 
Globigerina sp____________________________________ 5 
Inocerar.nus deforr.niB ]deek ________________________ 3,4,7 

Inoce?'ar.nus aff. I. stantorlli Sokolow__ ______________ 7 
Ostrea congesta Conrad___________________________ 5 
Ostrea sp ________________________________________ 6,7,8 

Bcaphites ventriCOSU8 ]deek and Hayden____________ 3 

1. 16071, NE:JA sec. 6, T. 22 S., R. 44 W. 
2. 16080, NW:JA sec. 19, T. 20 S., R. 43 W. 
3. 15745, ]donnt ]dorrison·Bear Creek locality. (See p. 210.) 
4. 15747, Colorado City, west of Colorado Springs. 
5. 15751, Cuesta ridge on east flank of small anticline on Arkan· 

sas River about 7 miles west of Pueblo. 
6. 15811, SE:JA sec. 24, T. 22 S., R. 53 W. 
7. 16073, NW:JA sec. 32, T. 21 S., R. 44 W. 
8. 16075, SW:JA sec. 27, T. 20 S., R. 49 W. 
9. 16079, NW:JA sec. 17, T. 19 S., R. 44 W . 

10. 16081, SE:JA SE:JA sec. 26, T. 20 S., R. 43 W. 
11. 16082, NW:JA SW:JA sec. 34, T. 17 S., R. 44 W. 

The late Prof. I. A. Keyte collected from beds at a 
horizon near the top of the Apishapa shale (top of 
Smoky Hill member of this paper), southwest of the 
area treated here, the following forms: Pelecypods, 
Inoceramus sp., TUTnus n. sp.; gastropod, Anchura.'! 
sp.; cephalopods, Eutrephoceras sp., B aculites asper 
Morton, Baculites 60dyensis Reeside, Scaphites vermi
formis Meek and Hayden, Scaphites ventricosus Meek 

'and Hayden with several varieties, Placenticeras sp., 
Temanites cf. T. pseudotemanus (Grossouvre). G. K. 
Gilbert collected from the upper part of the Niobrara 
northwest of Pueblo a very large specimen of I no cera
mus undulatoplicatus Roemer. 

PIERRE SHALE 

The lower part of the Pierre shale is present in the 
area shown on the map (pI. 64). It is poorly exposed, 
but lithologic subdivisions can be recognized and can 
be traced through the scattered outcrops available for 
examination. Much of the upper part of the forma
tion lies outside of the area shown on plate 64, and the 
uppermost beds are not treated in detail in this paper, 
though certain data on these beds that have been 
collected are given on pages 230-231. 

LOWER l'ART 

Several divisions have been recognized in the lower 
part . of the Pierre shale of eastern Colorado and in 
that of western Kansas by previous students of these 
areas. It does not yet appear possible, however, to 

establish definite correlations between the serIes of 
units set up in the several areas. As set forth below, 
the writers propose to apply in the Arkansas Valley 
only one formal member name, the "Sharon Springs 
shale member", using for the present only informal 
names for other divisions. 

Before describing the exposures of the lower part of 
the Pierre in the mapped area, however, it seems best to 
describe the nature of this part of the Pierre shale 
farther west, where exposures are more complete. 

The lower part of the Pierre shale is well exposed 
along the south side of Little Fountain Creek in the 
northern part of sec. 18, T. 16 S., R. 66 W., about 6 
miles somewhat south of west from the town of Foun
tain, in the Colorado Springs quadrangle. The Pierre 
and underlying Niobrara dip generally eastward and 
northeastward at angles of 10° to 15°, the dip diminish
ing toward the east. The basal portion of the Pierre 
includes an estimated thickness of 550 feet of thin
bedded dark-gray shale. There are a few thin beds of 
hard yellowish-gray sandy limestone and a few beds 
a small fraction of an inch thick of yellowish earthy 
sand, also a few beds of bentonite. The only fossil re-

o mains observed were fish scales. At the top of this 
lithologic unit, near the center of the north line of sec. 
18, there is a zone of large gray septarian concretions, 
seamed with brownish crystalline calcite. Immediately 
above this zone lie brownish-gray and dark-gray shales, 
with numerous reddish-brown calcareous beds and 
small flattish red-brown concretions. This lithology 
continues upward for an estimated thickness of 450 
feet, and at the top the shales contain numerous fossils, 
chiefly Inoceramus sagensis Owen and Baculites ovatus 
Say. 

The general subdivision of the lower part of the 
Pierre described above was also recognized by Gilbert 69 

in the vicinity of Pueblo. He says: 

The Barren zone, so called on account of the rarity of its fossil 
remains, lies at the bottom of the series and is 400 to 500 feet 
thick. It is of bluish-gray color and in its lower part resembles 
the Niobrara shale in the tendency to divide into papery layers, 
rough from the crystallization of selenite. The Rusty zone, 600 
feet thick, is also bluish gray in color but is comparatively free 
from gypsum. It contains many concretions composed of lime 
carbonate and iron carbonate, and these are of ova 1 form, meas
uring, usually, from 1 foot to 2 feet across. Their material is 
originally clark gray but uuder the action of the weather turns 
a rusty brown, and the soil derived from the formation is usually 
so strewn with their angular fragments as to appear reddish 
brown. The Baculite zone, 100 to 200 feet thick, is pale gray 
and is so called from the abundance of a fossil shell of that name. 

The "Barren zone" and "Rusty zone" of the Pierre 
are also recognized and described by Lavington,70 who 

•• Gilbert, G. K., U. S. Geol. Survey Geol. Atlas, Pueblo folio ('1l1>. 

36), p. 3, 1897. 
•• Lavington. C. S., Montana group in eastern Colorado: Am. Assoc. 

Petroleum Geologists Bull., vol. 17, no. 4, pp. 3f18-400, 1933. 
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center of sec. 21, T. 22 S., R. 42 W. (locality 16, 
pI. 64), good exposures of the upper part of the Codell 
in a creek bank show that it consists of regularly 
bedded gray shale and lighter-colored, fine-grained 
shaly sand, with a few lenses of yellowish-gray hard 
sandstone. 

Near the center of sec. 18, T. 22 S., R. 44 W. (locality 
14, pI. 64), the upper part of the Codell is exposed in 
the wall of the Amity Canal ditch. At this place it has 
a somewhat different aspect. (See fig. 11.) At the 
top is a bed of soft earthy sand from 6 to 12 inches 
thick. Below this is a hard calcareous sandstone or 
sandy limestone 3 feet thick, of a rusty-brown color. 
Irregular bedding is outlined by sheets and lenses of 
softer earthy sandstone, which is cross-bedded within 
lenses. Fucoids interlace through the rock in great 
numbers. It also contains the typically prismatic frag
ments of Inoceramus shells. Below this hard bed is 
6 to 12 inches of soft earthy sand, which is underlain 
by soft gray sandy siltstone. In sec. 6, T. 22 S., R. 
44 W., the top bed of the Codell is a hard brown, 
slightly sandy limestone. It is underlain by soft sandy 
siltstone. Good exposures of the Codell were not 
observed for about 20 miles west of this locality. 

In a deep gully along the east side of the section-line 
road between secs. 10 and 11, T. 22 S ., R. 48 W. (lo
cality 13, pI. 64), however, the Codell consists of gray 
sandy clay mottled irregularly with white and light
gray sand, and no hard beds were observed in it. At 
several localities in the southwestern part of T. 21 S., 
R. 49 W., one or more beds of hard dark brownish
gray calcareous sandstone are present in the Codell. 
Such beds were observed as much as 12 feet below 
the top and also near or at the top. Characteristically 
they contain fish scales, fucoids, Halymenites major, 
and other fossil impressions. The mass of the Codell 
is soft crumbly silty sandstone, poorly bedded, and 
for the most part having a nodular or lumpy surface 
in vertical though somewhat weathered exposures. 

West of locality 8 (pI. 64 and fig. 11) there is a hard 
gray bituminous limestone at all exposures observed. 
This limestone ranges from a few inches to several feet 
in thickness and is believed to be the bed which has 
been widely termed "Niobenton. " Weathering to a 
rusty-brown color and having a rough granular frac
ture, it has the appearance of a calcareous sandstone, 
but in reality it contains only a small percentage of 
sand. It is characteristically interlaced with fucoids 
and carries numerous other fossils, including shark 
teeth. · Even where thin it is notably persistent. It 
is much more resistant to erosion than the underlyin~ 
beds and forms a definite escarpmen.t. _ Th~ t!lickn~s 
of' the, soft sandy sha,le and earthy sand of the Codell 
diminishes rapidly westward from about 30 feet in 

T. 22 S., R. 50 W., to less than 5 feet in the western 
part of T. 22 S., R. 51 W. (See fig. 11.) In the 
south-central part of T. 22 S., R. 53 W., and thence 
southwestward there is no appreciable sand or sandy 
shale below the hard gray limestone. The limestone 
is, however, recognized to the west, in the La Junta 
region.46 

A petrographic examination of several specimens of 
the hard bed at the top of the Carlile shows that in 
most places it is a limestone that contains 3 percent or 
less of sand, but in some places it contains about 60 
percent of sand. In the SEl4 sec. 21, T. 21 S., R. 49 W., 
there are lenses of bituminous limestone in a bed as 
much as 6 inches thick of shale and sandstone cemented 
with lime, which overlies a hard sandstone bed that is 
as much as 18 inches thick. (See pI. 65, D.) The upper 
bed contains less than 2 percent of sand and the lower 
bed about 60 percent. The minerals in either the pre
dominantly limestone or predominantly sandstone beds, 
after the CaCOs has been removed, are found to be 
practically the same and in roughly the same propor
tions. This is also true of the Codell sand. These 
minerals and their approximate proportions, as deter
mined by M. N. Bramlette, of the United States Geo
logical Survey, are as follows: 

Quartz, 50 percent or more. 
Orthoclase, 20 percent, more or less. 
Chert grains, 10 to 15 percent. 
Indeterminate aggregates, 10 to 15 percent. 
A little sodic plagioclase. 
Zircon, green and brown tourmaline, rare. 

The writers regard the hard limestone (so-called 
"Niobenton") at the top of the Carlile in the western
most part of the area as forming part of the Codell 
sandstone-in fact, as being the sole representative of 
the Codell in that area. Similar limestones occur 
within or at the top of the more typical Codell farther 
east, having the same abundance of fucoids, shark 
teeth, fish fragments, and imprints and casts of the 
same types of invertebrate fossils. As has been shown, 
these limestones contain a small percentage of sand, 
which in its more general aspects of composition and 
grain size at least is like that of the more sandy phases 
of the Codell. Moreover, limestone of this type is not 
present in either the underlying Blue Hill or the over
lying Niobrara formation. As there is good reason to 
believe that the nondeposition of sand at this horizon 
in the La Junta region and perhaps somewhat farther 
west is a local phenomenon, it seems better to regard the 
contemporaneous limestone at the same horizon as 3. 

ph'a.se of the Codell. 

.. Patton, H. B., op. cit., pp. 17-18. 
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About 5 miles ·west of Pueblo, on the north side of 
the ~rkansas River, the following section of the top of 
the Carlile was measured by the writers: 

Section of Oarlile shale 5 miles west of PueblJo 

Niobrara formation. 
Carlile shale: Feet 

Shale, gray ________________________________________ 1 

Sandstone, light gray, hard, massive; weathers brown; 
Halymenite8 major and many fucoids, particularly 
near the base. Makes a vertical ledge, but the top 
few feet weathers back to a slope __________________ 1ft 

Shale, gray, and sandstone, thin-bedded, cross-bedded, 
with large ripple marks. This unit is separated by 
prominent shale partings above and below but is 
highly variable in lithology from place to place_____ 4 

Sandstone, earthy; weathers dark gray to almost 
white, with the most part a yellowish tinge; 
weathers into irregular small nodular masses and 
has a "knotted" appearance on vertical or steep 
exposures; merges downward into sandy shale _____ 20 

Shale, sandy _______________________________________ 30± 

Shale, gray, 
Total measured ______________________________ 70± 

At Colorado City, west of Colorado Springs, the top 
bed of the Carlile is a light-gray, thin-bedded, shaly 
sandstone from a fraction of an inch to 10 inches thick, 
containing vast numbers of Inoceramus. Below it is 
9 feet 4 inches of hard brown calcareous sandstone with 

limestone 2 to 4 feet thick. Still farther south, in the 
Spanish Peaks quadrangle, the Carlile includes 200 feet 
of dark-gray shale which grades near the top into 10 
feet of sandy shale and friable yellowish sandstone, 
with an overlying layer of purplish bituminous lime
stone 1 to 2 feet thick. 

The top of the Carlile, as observed by the writers on 
the north side of the Huerfano River in the extreme 
western part of the Walsenburg quadrangle, includes 
a considerably greater thickness of sand than is given 
in published descriptions. There is at least 25 feet of 
medium-hard light-gray fine-grained sandstone, buff 
colored and nodular-weathering in the lower part. 
Above this is 9 feet of soft sand and sandy shale, and 
at the top a bed 2 feet thick of hard brown-weathering 
gray limestone, which has an irregular under surface, 
contains abundant broken fossils and shark teeth; and 
at the top appears to be interbedded with thin streaks 
of soft sandy shale. 

Sandstone at the top of the Carlile as a persistent 
lith010gic unit apparently does not extend southward 
into New Mexico, however, for at a locality northwest 
of Vermejo Park (on Gold Creek west of old Pinafore 
post office) the upper part of the Carlile consists of 
yellowish-gray shale with septarian concretions and a 
few thin beds of hard, somewhat sandy, highly fos

many fish teeth and scales, Ost1'ea sp., Inoceramus, siliferous limestone. 
probably I. fragilis, Scaphites 'tvarreni Meek and Hay- The Codell sand is a source of non flowing artesian 
den, and Prionocycltts wyomingensis Meek. This sand- water in a large area north of the Arkansas River, 
stone is ripple-marked, and the ripples have a wave ('specially in the vicinity of Eads and Chivington, but 
length of 2 to 5 inches. Farther north, at Perry Park, the water is not potable and in some wells is unfit for 
in the NW14 sec. 24, T, 9 S., R. 68 W., a similar hard stock use. 
limy sandstone about 4 feet thick was observed. Nine samples of water were collected in the vicinity 

Sandstone has been found at the top of the Carlile in of Eads and Chivington from wells that obtain water 
many wells in northeastern Colorado; 4'7 and the Codell from the horizon of the Codell sand. Partial analyses 
sandstone, 3 to 20 feet or more thick, has also been by the water-resources branch of the United States Geo
recognized on the outcrop in the northern foothill logical Survey show that all the samples have a large 
region,48 It has been recorded also in most of the wells amount of dissolved mineral matter, The smallest 
drilled within the area of the map. Its absence in a amount of total dissolved solids in any sample was 1,700 
driller's log (see fig. 10) does not necessarily mean that parts per million and the greatest was over 10,000 parts 
the member is not present, as it may not have been per million; most of them were between 2,500 and 6,500 
noticed or recorded. parts. In all the samples the calcium carbonate con-

The top of the Carlile shale at the type locality 49 is tent was small, which is surprising in view of the fact 
a yellow friable sandstone, which corresponds in strati- that the Codell is overlain by 50 feet or more of lime
graphic position and general lithologic features with stone and locally itself contains calcareous beds. The 
the Codell sandstone. Similar sandstone at the top of principal mineral constituents are sodilUl1 salts, bicar
the Carlile has also been found farther south in the bonate, chloride, and sulphate. There is, however, a 
Walsenburg quadrangle. The Carlile is there dark- . large difference in the relative amounts of these con
gray shale, 170 to 180 feet thick, with 10 to 15 feet of stituents, even in wells that are a mile or less apart, a 
yellow sandstone at the top, capped by bituminous difference difficult to explain unless it is assumed that 

there is little or no lateral movement in the aquifer. A 
'7 Waldschmidt, W. A., Characteristics of older Cretace~us formations greater number of samples and a more cOll1plete analy-

of northeastern Colorado: Am. Assoc. Petroleum Geologists Bull., vol. I . f h 'II b b f t t t' . 
17, no. 4, PP. 415-416, 1933. . SIS 0 eac WI e necessary e ore any en a Ive con-

,. Mather, K. F ., Gilluly, James, aDd Lusk, R. G., op. cit. (Bull. 796), I clusions can be drawn as to the nature of the water 
p. 81. I 

.. Gilbert, G. K., op cit. (17th Ann. Rept. , pt. 2), PP. 565- 566, 570. movement. 
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stone swings southward across the Arkansas River Section of Niobrara formation on Gold Oreek, west of old 
but swings back before the Kansas line is reached. Pinafore post office, northwest of Vermejo Pat' lc on the road 

to Oostilla, Oolfax Oounty, N. Mex. 

SMOKY HILL MARL MEMBER 

Although the entire thickness of the Smoky Hill 
marl member is present, little is known of it in detail 
because of poor exposures (pI. 65, 0), It lies upon the 
white chalky limestone beds of the Hays member, from 
which it is easily distinguishable because it is softer 
and has a characteristic yellowish-orange color. The 
Smoky Hill contains beds of white limestone, but they 
are in most places only a few inches thick and are 
separated by much greater thicknesses of yellowish 
ehalk. Several thin bentonite beds have been noted 
within the Smoky Hill, as well as beds of dark-tan 
and bluish shale. Much of the Smoky Hill has a tan 
to yellow color when fresh, and practically all of it 
has some shade of yellowish orange on weathered ex
posures. Another distinguishing feature is the occur
rence of small white calcareous flecks throughout the 
chalk, which give it a mottled "salty" appearance. The 
total thickness of the Smoky Hill is not known pre
cisely, but from well logs it is believed to be between 
600 and 700 feet. Within probably the upper 100 feet 
of this member are chalk beds that are somewhat 
harder and purer than the beds below. On weathered 
outcrops the bedding planes have opened, and these 
horizontal or tabular spaces are loosely filled with 
needlelike interstitial calcite in which the larger dimen
sjon of the crystals is perpendicular to the bedding. As 
a whole, the Smoky Hill is well stratified and thin
bedded. It is practically all calcareous, but the larger 
part of it ma.y be properly termed marl rather than 
chalk. 

I nocemmus (H aploscap ha) [jmndis is the most diag
nosi;ic fossil of the Smoky Hill member. Complete 
,,·ell-preserved specimens are seldom found, but in 
places large fragments covered with oyster shells are 
numerOllS, Fish scales are abundant in some exposures 
of the upper part of the member. 

NIOBRARA FORMATION IN SOUTHERN FOOTHILL REGION 

The Timpas limestone has been differentiated as far 
south as the area of the Spanish Peaks folio,68 in which 
it is described as 200 feet thick, including a lower por
tion, 45 to 50 feet thick, consisting chiefl y of lime
stone. Just a short distance to the south, along the 
east flank of the Sangre de Cristo Range in extreme 
northern New Mexico, however, limestone forms a much 
smaller proportion of the Niobrara formation, a~ 
shown in the following section: 

68 Hills, R. C., U. S. Geol. Survey Geol. Atlas, Spanish Peaks folio 
(no. 71) , p. I, 1901 . 

Pierre shale. 
Niobrara formation: 

Shale, hard, gray, calcareous; thickness (esti· Ft. in. 
mated) _____________________________________ 250 

Shale, hard, gray, calcareous, with a zone of thin 
lenticular beds of hard gray calcareous sand-
stone near the top; thickness (estimatlld) ____ 501.') 

Limestone, gray, in beds 4 inches to 1 foot 4 
inches thick, with intervening beds of gray cal-
careous shale ______________________________ _ 8 

Shale, gray, calcareous _______________________ _ 4 
Bentonite ____________________________________ _ 

Shale, gray, calcareous _______________________ _ 
Bentonite ____________________________________ _ 
Shale, gray _______ ~ __________________________ _ 
Bentonite ___________ .. ________________________ _ 

Shale, gray, calcareous, with thin lenses and 
beds of hard gray marL ____________________ _ 2 

Rusty streak. 
Shale, gray, calcareous _______________________ _ 1 
Bentonite ____________________________________ _ 

Shale, gray, calcareous, some thin shaly lime· 
stone beds _________________________________ _ 2 

Bentonite? ___________________________________ _ 

Shale, gray, calcareous _______________________ _ 1 
Bentonite _________________________ ~ __________ _ 

1 
10 
5 
7 
4 

6 

3 
2 

14 
2 
4 

Thickness of Niobrara formation, abouL_ 770 
Carlile shale: Gray sbale with septarian coucretions and thin 

beds of hard sandy limestone. 

This section is of interest in representing the charac
ter of the Niobrara formation at a place probably near 
the southwesterly limit at which a limestone unit equiv
alent to the Hays limestone of the Arkansas Valley is 
present in the Cretaceous section. 

The rather conspicuous bentonite zone in the basal 
part of the Niobrara in the preceding section has not 
been described in previously published reports and was 
not observed by the writers along the Arkansas River. 
There is a suggestion, however, t.hat it extends some 
distance northward along the east flank of the Sal}gre 
de Cristo Range into ColoraCto. Bentonite beds, prob
ably in the basal part of the Niobrara, were observed at 
a locality about 6 miles south of Stonewall, in western 
Las Animas COllnty, Colo. (west of Trinidad). Still 
farther north, on the north side of the Huerfano River 
just northeast of the bridge at Badito, there is a soft 
concealed interval of 10 feet above the sand at the top 
of the Carlile shale. At the top of the concealed in
terval are soft bedded marls, and at the base of it there 
may be some bentonite. The softer beds making the 
interval of concealment were included by the writers in 
the Niobrara formation. 

.. 
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from the top of the Dakota to the base of the present 
Smoky Hill member. Williston 6 5 later restricted the 
name to include only the present Hays limestone 
member. 

The Hays limestone member includes beds of white 
to cream-colored, chalky limestone 6 inches to 3 feet 
thick separated by beds of gray calcareous shale 1 to 6 
inches thick. The limestone makes up nearly three
fourths of the member. Near the base there are numer
ous small irregular or capsule-shaped nodules of pyrite 
(or marcasite?) from one-fourth to three-fourths of an 
inch in longest dimension. The surface of these nodules 
is made up of an aggregate of interlocking cubical crys
tals. In the lower foot or two of the member there are 
small lenses of hard gray limestone which have a petro
liferous odor on fresh fracture and resemble the lime
stone bed that in places forms the top of the Codell 
sandstone member of the Carlile. 

The following section of the Hays limestone member 
was measured approximately midway east and west 
within the area covered by the map: 

Section of Hays limestone m61'!"'bet· of the Niobro,ra fOl'mation 
in seos, 16 and 21, T , 21 8., R, 49 W. 

Niobrara formation. 
Smoky Hill marl member: 

Shale, tan; weathers yellow. Ft. in. 
Limestone, white _________ __ _______________ 4 

Shale, chalky, gray to tan; weathers tan-
yellow _____________ ____ _________________ 5 

Hays limestone member: 
Concealed, limestone and shale ______ ___ ____ 17 1h 
Shale, chalky, light tan____________________ 7 
Limestone, white _________ _________________ 3 2 

Limestone and shale, interbedded, partly 
concenled ________ __ _____________________ 4 6 

Limestone, white; contains Inoceramus de-
forinis and fucoids_______________________ 2 3 

Limestone, white, chalky, and gray shale____ 4 
Limestone, white, chalky, irregular bedding_ 1 8 
Chalk, shaly, white to gray_________________ 5 
Limestone, white __________________________ 10 

Shale, gray to tan; contains many Inocera-
l1WS detol-rnAs ? ___ ___ __ ___________________ 5 

Limestone, white, chalky ____________ __ _____ 1 4 
Chalk, white ___________ ___________________ 2 

Limestone, white; weathers into small tabu-
lar pieces ____ __________ __________ _______ 2 6 

Chall" shaly __________ ____________________ 1 
Limestone, white _______________________ __ _ 10 

Shale, tan to gray; contains Inoceramus sp__ 6 
Limestone, white; lower 2 feet massive _____ ._ 3 6 
Chalk, shaly, tan to gray___________________ llh 
Limestone, white___________________________ 1 2 
Chalk, tan_________________________________ 1 
Limestone, white_______________________ ____ 8 
Shale, chalky, tan__________________________ 5 
Shale, blue________________________________ 3 
Limestone, white ________________ ~__________ 1 10 

... Williston, S. W., The Niobrara Cretaceous of western Kansas: 
Kansas Acad. Sci. Trans., vol. 13, pp. 108-109, 1893. 

Section of Hays limestone member of the Niobrara formation 
in seos. 16 and 21, T. 21 S., R. 49 W.-Continued 

Niobrara formation-Continued. 
Smoky Hill marl member-Continued. 

Ft, in. 
Chalk, tan, and limestone___________________ 11,6 
Limestone, white_________________________ __ 1 5 
Shale, greenish gray ________________________ 6 
Limestone, white___________________________ 8 
Chalk, tan_________________________________ 1 
Limestone, white___________________________ 2 
Shale, blue gray, calcareous________________ 6 
Limestone, white; weathers into tabular 

pieces __________________________________ _ 1 1 
Shale, gray, chalky ________________________ _ 2 
Limel1tone, white; contains abundant Inocera-

mus deformis ___________________________ _ 1 3 
Chalk, tan, and gray calcareous shale ______ _ 7 
Limestone, white __________________________ _ 7 
Chalk, tan ___________ _____________________ _ 1 
Limestone, white __________________________ _ 3 
Shale, gray, calcareous ____________________ _ 6 
Limestone, white __________________________ _ 10 
Chalk, tan to gray _________________________ _ 2 
Limestone, white; irregular bedding; weathers 

into tabular pieces ______________________ _ 1 
Shale, tan, chalky _________________________ _ 6 
Limestone, white ___________ _______________ _ 9 
Chalk, light gray, shaly ____________________ _ 2 
Limestone, white, irregular _______ _________ _ 2 
Chalk, light gray, shaly ___________________ _ _ 31h 
Limestone, white __________________________ _ 1 
Limestone, white, and tan chalk ____________ _ 8 
Limestone, white __________________________ _ 1 6 
Chalk, tan, shaly ____ __ ____________________ _ 2 
Limestone, white __________________________ _ 1 3 
Shale, tan, chalky _______________ __ ________ _ 3 
Limestone, white, containing capsule-shaped 

pyrite nodules ___________________________ _ 3 
Carlile shale: 

Codell sandstone member: 
Sandstone and shale, gray, cemented with 

lime; contains lenses of hard limestone____ O~6 

Sandstone, gray to brown, hard; contains fish 
scales, fragments of fossils, and fucoids. 
From 0 to______ _________________________ 1 6 

Sandstone, gray, fine-grained. 

~l'otal measured __________ _______ __ ___ 71 8 
~'hickness of Hays lin1estone __________ 64 4 

The thickness of the Hays in the above section is 
about 65 feet. In Hamilton County, Kans.,66 the thick
ness of the member is 61 feet. In the Nepesta quad
ull1g1e 67 and adjoining areas the thickness of the lime
stone unit at the base of the Timpas is about 50 feet. 

The Hays limestone is much more resistant to 
weathering than the beds above or below and conse
quently generally forms an escarpment or cliff. It is 
exposed almost continuously from La Junta to a point 
north of McClave. Thence eastward, however, it is 
poorly exposed. Ea.st of Lamar the base of the lime7 

.. Bass, N. W., op. cit., p. 62. 
87 Fisher, C. A., op. cit., p. 2. 
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P OSSIBI LITY OF UNCONFORMITY AT TOP OF CODELL 

The Codell sandstone clearly represents the wide
spread occurrence of a set of environmental conditions 
different from those under which the deposition of the 
underlying rocks of Benton age occurred, or from those 
under which the overlying Niobrara formation was laid 
down. The Graneros and Greenhorn formations par
ticularly give evidence that the sediments which com
pose them were deposited in moderately deep water, 
almost certainly below the depth of wave agitation-for 
individual beds even of small thickness persi(lt for con
siderable distances. The lower part of the Carlile is 
also evenly bedded, but much of the Codell was clearly 
deposited within the reach of wave and current agita
tion. This is shown not only by its sandy composition 
but also by the irregularity and cross-bedding which in 
places appear within it. Ripple marks have been ob
served at some places, and the shark teeth locally prelS
ent are worn by abrasion. In a larger way the differ
ences in lithology of the member from place to place 
indicate that it was deposited under the variable condi
tions to be expected in a shallow-water environment. 

Although in many places thin and possibly locally 
absent, the Codell is surprisingly widespread, exterid
ing over most of eastern Colorado and western Kansas, 
with little significant variation in content or bedding. 
The Codell therefore seems to represent a time when 
deposition had filled a large area of the Cretaceous sea 
to a level at which the deposited material was within 
the reach of wave agitation. There is reason to believe 
that this condition was maintained for a considerable 
period. 

Johnson 50 has all'eady summarized the evidellce for 
an unconformity at the base of the overlying Niobrara 
formation, concluding that "Sufficlent time, at least 
* * * elapsed to account for a complete cessation of 
deposition of one type, its alteration, and, in places, 
partial erosion and the development of conditions under 
which sediment of a co)npletely new type was de
posited." Certainly the abrupt change in fauna from 
the Carlile to the Niobrara suggests, even if the differ
ence in lithologic character of the formations is dis-

. counted, that there was a lapse of time that permitted 
the development of new faunas. 

Johnson also cites as evidence of t1l1Gonformity -a 
"thin conglomerate containing plentiful fish teeth, well
rounded pebbles, and phosphate nodules" which "occur;s 
at the base of the Niobrara in all the areas studied." 
The pebbles are described as small, smooth, and well 
rotruded, some as much as 3 inches in diameter. They 
consist chiefly of black chert but ltlso of quartzite and 

.. Johnson, J. H., Unconformity in Colorado group in eastern Colo· 
rado: Am. Assoc. Petroleum Geologists Bull., ·vol. 14, 'no. 6, pp. 
789~794, 1930. 

white quartz, and they occur together with phosphate 
nodules and shark teeth in a matrix of gray to brown 
crystalline sandy limestone. Although pebbles are also 
reported at this horizon in southeastern Colorado, none 
were observed by the writers in the outcrops extending 
from La Junta eastward to the Kansas State line. The 
possibly similar bituminous limestone with some shark 
teeth (and phosphatic nodules?) occurring there at the 
top of the Carlile has already been described (p. 217). 
This rock is, however, faunally and lithologically allied 
with the Codell, to which it is assigned by the writers. 
The base of the overlying Niobrara formation is for 
the most part sharp and locally slightly irregular. An
gular discordance was nowhere observed. Particu
larly from T. 22 S., R. 53 W., to T. 22 S., R. 51 W., how
ever, the basal contact of the Niobrara is somewhat 
obscure. The hard brown limestone assigned to the 
Codell by the writers appears to grade upward into the 
overlying gTay or white limestone, and locally lenses of 
hard brown limestone like the underlying rock also 
appear in the basal Niobrara. Also the brown lime
stone itself becomes somewhat lighter colored eastward. 
The gradation, in fact, is so pronounced that the hard 
brown limestone has been interpreted by Patton 51 as 
merging into the basal limestone bed of the Niobrara. 
Patton supposed that the occurrence near the bottom of 
the Niobrara of a fossil identified as lnoce,ramus labia
tU8, a characteristic Benton form, reinforced this in
ter pretation. It is now known, however, that an Ino
ceramtl8 much like I noceramU8 labiatu8 ' but distinct 
from it is present in many places in the lowest beds of 
the Niobrara. On the whole the appearance of the 
contact itself as seen by the writers neither suggests nor 
disproves unconformable relations. 

In some areas local thinning of the Carlile suggests 
the possibility that the thinning may be due to erosion 
in those areas before the deposition of the Niobrara. 
Notably in the vicinity of La Junta the Carlile is ab
normally thin. A section measured by Patton 52 shows 
a thickness of 130 feet. The logs of wells at Cheraw 
and Swink indicate that the Carlile is about 125 feet 
thiclc (See fig. 10.) The logs of other wells in the 
vicinity of La Junta show that the beds of Benton age 
are from 50 to 75 feet thinner than to the east or 
west, and this thinning presumably also is due entirely 
to thinning of the Carlile. To the west, the Carlile is 
from 210 to 225 feet thick in the N epesta quadrangle 53 

and 200 to 232 feet thick in the Apishapa quad
rangle; 54 east of Las Animas it is probably over 200 
feet thick, and in Hamilton County, in western Kansas, 

n Patton, H. B., op. cit., pp. 18, 21. 
.. Idem, p. 17. 
.. Fisher, C. A., U. S. Geol. Survey Geol. Atlas, Nepesta folio- (no . 

135), p . 2, 1906. 
'" Stose, G. W., U. S. Geol. Survey Geol. Atlas, Apishapa folio (no . 

186), p. e, 1912. 
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about 250 feet thick. If the writers' view is accepted, 
that the hard brown limestone above described is to 
be assigned to the Codell, the thinning of the Carlile 
in the vicinity of La Junta takes place within the 
Carlile and not as a result of erosion at the base of the 
overlying Niobrara. The thinning is thus presumably 
to be ascribed to lesser deposition in that area. The 
sandy phase of the Codell thins out over the same area, 
but its diminution from 30 feet to the vanishing point 
is not adequate to explain the total thinning of 50 to 
75 feet, part of which must therefore be due to thin
ning of lower beds in the Carlile. Lest the thinning 
of the sandy Codell westward be interpreted as due to 
erosional unconformity at the base of the hard brown 
limestone, it should be pointed out that the sandy phase 
appears to merge westward into nonsandy beds by 
intertonguing and also that the distinctive zone of 
septarian concretions at the top of the Blue Hill shale 
member appears to maintain approximately its vertical 
distance from the base of the Niobrara across the area 
in which there is no Codell sand. (See fig. 11.) For 
some reason, therefore, the area about La Junta ap
pears to have received less sediment than the surround
ing regions. A plausible explanation for similar 
features in the Benton stratigraphy in other areas in 
eastern Colorado has already been offered by J olmson 
and Aurand.55 They suggest that structural features 
in existence during early Cretaceous. time were rising 
slowly throughout Benton time, sufficiently high to 
divert or check the velocity of the submarine currents. 
"Part of the time their tops seem to have been approxi
mately at the plane of equilibrium, where, though the 
waters were free to pass over them, there was almost no 
erosion or deposition, though deposition was taking 
place around the sides." . 

As neither the local thinning of the Carlile and ab
sence of the Codell member nor the details of the con-:' 
tact between the Niobrara and Carlile offer incontro
vertible evidence of unconformity at the base of the 
Niobrara, the writers believe that the most valid evi
dence of such unconformity is the faunal discontinuity 
between the two formations. There seems no reason to 
suppose that the top of the Carlile emerged above sea 
level and was eroded. The faunal discontinuity seems 
rather to indicate a period at which the top of the 
Carlile sediments stood at wave base, with submarine 
erosion counterbalancing deposition. This was fol
lowed by subsidence or the deepening of the sea waters 
from some more remote cause, and in these less agitated 
waters the calcareous sediments of the Niobrara were 
deposited. 

or; Johnson, J . R., and Aurand, R. A., A preliminary contribution to 
the Benton paleogeography of eastern Colorado : Am. Assoc, Petroleum 
Geologists Bull., vol. 13, no. 7, pp. 850-853, 1929. 

FAUNA 

Fossils collected from the Fairport and Codell 
members include the following forms: 

Codell sandstone member: LocaUty 
Inoceramus tragilis Hall and Meek _______________ 1,2,3, 7 
Inoceramus dimidius White________________________ 7 
Inoceram1ts sp____________________________________ 6 
Ostrea lug1tbris Conrad ____________________________ 2,3,4 
Ostrea sp _________________________________________ · 1 

Gryphaea sp______________________________________ 3 
Scaphites warreni Meek and Hayden ________________ 1, 2, 3 
PriOnocyclus w-yomingensis Meek ____________ 1, 2, 3, 5, 6, 7 
Lar.nnafsp________________________________________ 1,3 
Ptychodus sp_____________________________________ 3 

Fairport chalky shale member: 
Inocerar.nu8 sp ___________________________________ 8,9,10 
Ostrea sp ________________________________________ 8,10 

Baculites sp______________________________________ 8 
E:Citeloceras cf. E. pariense (White) ______________ 8 
Prionotropis woolgari (Mantell) __________________ 8,9,10 

1.15746, Colorado City, west of Colorado Springs. 
2. 15758, NW14 sec. 24, T. 9 S., R. 68 W., Perry Park. 
3_ 15820, SW14 sec. 9, T. 22 S., R. 50 W. 
4. 15823, SE14 sec. 35, T. 21 S., R. 50 W. 
5. 16066, SW14 sec. 32, T. 21 S., R. 48 W. 
6. 16070, NE14 sec. 6, T. 22 S., R. 44 W. 
7_ 16084, NE14 sec. 26, T. 21 S., R. 49 W. 
8. 15822, NE14 sec. 16, T.22 S., R. 50 W. 
9. 16067, SE14 sec. 27, T. 21 S., R. 49 W. 

10. 16074, northeast corner sec. 34, T. 21 S., R. 49 W_ 

Bass 56 reports from the lower 18 feet of the Fa.irport. 
shale member of Hamilton County, Kans., the follow
ing species: Globigerina bulloides D'Orbigny, Inocera
mus fragilis Hall and Meek, Inoceramus labiatus 
Schlotheim (broad variety), Ostrea d. O. congesta 
Conrad, Baculites gracilis Shumard, Prionotropis wool
gari (Mantell), I chthyodectes? sp. From the Blue Hill 
shale member Bass ~7 reports Inoceramus sp. (frag
ments) and Prionocycl!us wyomingensis Meek. From 
the top of the Codell Bass 58 reports Inoceramus fra
gilis Hall and Meek, Ostrea congesola Conrad (:fI.oatn, 
Prionocyclus wyomingensis Meek, Ptychodus sp., 
Lamnaf sp., OoraaJf sp., coprolites, and phosphate 
nodules. 

NIOBRARA FORMATION 

The Niobrara formation is the uppermost formation ' 
of the Colorado group. It is distinctly separated from 
the underlying Carlile shale but less readily separable 
from the overlying Pierre shale, the lowest formation 
of the Montana group. It includes about 700 feet of 
beds, chiefly chalk and chalky shale but with a well
marked, persistent limestone member, from 50 to 65 
feet thick, at the base. This limestone is continuous in 
outcrop with the limestone member of the Niobrara 

.. Bass, N. W., op. cit., p. 66. 

.7 Idem, pp. 64-6£5. 
os Idem, p. 65_ 
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formation in western Kansas that has long been called 
"Fort Hays limestone" and is equivalent to it in lithol
ogy, thickness, and age, so far as known. The writers 
propose that the limestone at the base of the Niobrara 
within the area which they have mapped be called the 
"Hays 59 limestone member" and that the overlying 
portion of the Niobrara be called the "Smoky Hill marl 
member", to correspond with the usage of "Smoky Hill" 
for the upper chalk member of the Niobrara formation 
in the adjoining area of western Kansas. 

The Niobrara formation of southeastern Colorado 
has heretofore been divided into a lower member, the 
Timpas limestone, and an upper member, the Apishapa 
shale. These previously defined units differ somewhat 
from those recognized in western Kansas and from 
those recognized by the writers north of the Arkansas 
River in eastern Colorado. 

According to Stose,60 the Timpas limestone was named 
by Gilbert from Timpas Creek, which :fI.ows through 
the southeast corner of the Apishapa quadrangle and 
thence into the Arkansas River. The description of 
the Timpas limestone by Gilbert 61 is quoted below, in 
part: 

The general thickness of the Timpas is 175 feet, and it may 
be characterized as a series of limestones and calcareous shales 
with prevailing pale colors. 

At the base is a limestone series about 50 feet thick. The 
individual beds range in thickness from a few inches to 3 
feet, the average being about 1 foot. They are separated by 
layers of gray shale, usually 1 or 2 inches thick. The limestone 
has a light-gray color, which becomes creamy white on weath
ered surfaces. It is compact and rather fine grained and where 
exposed to the weather breaks up into rough flakes, of which 
the longer dimensions are parallel to the bedding. This pecu
liarity ordinarily serves to distinguish it from the Greenhorn 
limestone, which cleaves into vertical plates. * * * In its 
lower layers are small nodules of iron sulphide, which are con
verted by the chemical reaction of the air to limonite. As the 
limestone is broken up and removed by the action of weather, 
the more resistant nodules are freed from their matrix so as 
to lie loose on the surface. They are of a dark-brown color 
and of oval or cylindrical form, with a diameter of about half 
an inch, Their surfaces are not even but are set with angular 
projections, the end of crystals. '" * * 

The upper limit of the limestone is indefinite. It passes grad
ually into a light-gray limy shale, which contains occasional 
thin beds of limestone and has a total thickness of 100 or 125 
feet, terminating at top in one or two layers of chalky lime
stone containing se\rerlll spf'ciel' of fOi;:sil sht>ll::: and also the 
remains of fishes. 

The Hays limestone member as recognized by the 
writers is probably closely equivalent to the "limestone 

•• The shorter name "Hays" has been adopted for this member with 
the approval of R. C. Moore, State geologist of Kansas. The nume of 
the type locality has for some time been "Hays." 

.. Stose, G. W., U. S. Geol. Survey Geol. Atlas, Apishapa folio (no. 
186). p, 6, 1912. 

C1 Gilbert, G. K., The underground water of the Arkansas Valley in 
eastern Colorado: U. S, Geol. Survey 17th Ann. Rept., pt. 2, pp. 
566-567, 1896. 
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series about 50 feet thick" at the base of the Timpas as 
defined in earlier reports. In the region mapped, and 
in some sections examined in adjoining areas, the lime
stone unit about 50 feet thick forms a natural, con
venient, and practicable unit. It is, moreover, the unit 
readily recognizable in records of deep wells, both in 
this area and in northeastern Colorado.62 

The Timpas was differentiated in the La Junta 
region,63 but farther east the limestone bed at the top 
of the Timpas was not recognized with assurance nor 
mapped by the writers. This may be in part attribu
table to scarcity and discontinuity of exposures. Two 
limestone beds, each 1 foot or less in thickness and sepa
rated by 12 feet of cream-colored or tan chalk, are ex
posed in the eastern part of sec. 23, T. 23 S., R. 55 W., 
and may lie near the top of the Timpas formation as 
previously defined. In the eastern part of sec. 27, T. 
21 S-, R. 53 W., along Adobe Creek, there is a bed of 
white limestone about 4 feet thick underlain by chalk 
which may also be near the same horizon. These lime
stone beds are included by the writers in the Smoky 
Hill marl. Even were exposures adequate, there is 
some doubt that the Timpas limestone as previously 
defined is a stratigraphic unit of widespread usefulness 
within the area described by the writers. 

Inoceramus deformis, which is abundant in the Hays 
limestone member, does not occur above it, and imme
diately overlying beds contain large flat Inocera
mus (H aploscapha) grandis. These fossils appear to 
have distinct ranges over most of the region of western 
Upper Cretaceous sedimentation, regardless of litho
logic environment. There is thus some suggestion that 
the lithologic unit of the Hays limestone is also a faunal 
unit. The unit named "Timpas limestone" by Gilbert 
therefore includes in its upper part beds that are both 
lithologically and faunally more closely allied to the 
upper part of the Niobrara. The names "Timpas" and 
"Apishapa" have, however, been applied to mappable 
units over a large area west and southwest of the area 
in which the writers have had opportunity to make 
detailed observations and should therefore be retained 
for areas in which the propriety of distinguishing the 
Hays limestone member has not yet been made evident. 

HAYS LIMESTONE MEMBER 

The term "Fort Hays" (from the former fort of that 
name in Ellis County, Kans.) was first used by Mudge 64 

as a division name, defined thus: "The massive stratum 
of limestone above described, together with all the de
posits above the sandstone of the Dakota, I shall call 
the Fort Hays division." This included all the strata 

.. Waldschmidt, W. A., op. cit., pp. 412-415. 
"" Patton, H. B., op. cit., pp. 43-44 . 
.. Mudge, B. F., Notes on the Tertiary and Cretaceous periods of 

Kansas: U. S. GeoI. and Geog. Survey Terr. 9th Ann. Rept., p. 289, 
1877. 



U. S. GEOLOGICAL SURVEY 

A. A GROUP OF "TEPEE BUTTES. " 

Small conicru hills in the Pierre shale formed by t.he greater res istance t.o weatheriJlg of large masses of 
limestone. Looking north from the ceoLer of sec. 3, T. 17 S., R. 65 W. 

C. TYPICAL OUTCROP OF THE LOWER PART OF THE SMOKY HILL MARL MEMBER OF 
THE NIOBRARA FORMATION. 

Looking northwes t from the SW)4 seo. 16, T. 21 S., R. 49 W. 

PROFESSIONAL PAPER 186 PLATE 65 

B. DETAILED VIEW OF WEATHERED TOP OR CORE OF A " TEPEE BUTTE" IN THE NE)4 
SEC. 35, T. 12 S., R. 4,9 W. 

'rho rock is au impure limestone in which Lucina occhlenlu,lis is exceedingly abuudunl. 

D. CONTACT BETWEEN THE HAYS LIMESTONE MEMBER OF THE NIOBRARA FORMA
TION AND TI-IE CODELL SANDSTONE MEMBER OF THE CARLILE SHALE IN THE SE)4 
SEC. 21, T. 21 S., R. -i9 W. 

The hammer rests 00 a hard bed of calcareous sandstone within the Codell , about 2 feet below the base 
of the Hays limestone. 





SOME URANIUM OCCURRENCES IN THE CENTRAL AND SOUTHWESTERN PARTS 
OF THE COLORADO MINERAL BELT* ~ 6 S ,4 63 CJ': ::> 

c. T. Pierson, W. S. Burbank, and Q. D. Singewald P ' 1'$ 6 ~ 
u. S. Geological Survey, Denver, Colo.; U. S. Geological Survey, Washington, D. C.; U. S. Geological 

Survey, Washington, D. C. 

Recent discoveries of uranium in the Alma, St. Kevin, and Leadville mining districts of the cen
tral part, and in the Upper and Lower Uncompahgre, and Red Mountain mining districts of the 
southwestern part of the Colorado Mineral Belt have considerably increased the area within the 
Mineral Belt that warrants extensive prospecting for uranium deposits . The discoveries resulted 
from work undertaken by the U. S. Geological Survey for the Atomic Energy Commission. 

Uranium minerals are associated with base- and precious-metal veins in the Alma, St. Kevin, and 
Lower Uncompahgre districts; and with pyritic veins and copper-lead-silver volcanic breccia pipe 
deposits in the Red Mountain district. They occur as coatings on fracture surfaces and as dissemina
tions in country rocks in the Leadville, St. Kevin, and Upper Uncompahgre districts. 

Pitchblende has been found in the Alma, Leadville, Upper and Lower Uncompahgre, and Red 
Mountain districts. Torbernite and pitchblende (?) occur in the St. Kevin district. 

In the Lower Uncompahgre district, a genetic relationship between the uranium deposits and 
the zoning of metalliferous deposits related to the eruptive center of the Lower Uncompahgre dis
trict is suggested by the occurrence of uranium close to the boundary between a pyrite-gold-base
metal core and an outer silver-lead-zinc zone. No clearly defined zonal relationships were noted in 
the other districts. 

The pitchblende(?) in the veins of the Red Mountain district, and in the Alma, St. Kevin, Lead
ville, and Upper and Lower Uncompahgre districts was probably deposited by hypogene processes. 
In the St. Kevin district, torbernite and sooty pitchblende(?) are alteration products of primary 
pitchblende(?). The origin of the high-grade copper-lead-silver breccia pipe deposits has previously 
been explained as caused by vaporization of ore solutions at high temperatures in a semisealed 
environment. Such an environment would be favorable for the retention of relatively soluble uranium 
compounds and may explain the association of the pitchblende(?) with the ore. 
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THICKNESS OF THE EARTH'S CRUST AS RELATED TO TECTONISM, VULCANISM, 
AND MINERALIZATION IN COLORADO ~ 

Mohammed Naseeb Qureshy 
Geophysics Div., Bear Creel~ Mining Company, 516 Acoma Street, Denver, Colo. 

An Airy-Heiskanen anomaly map of Colorado, prepared by applying isostatic reductions to gravity 
data supplied by Ralph C. Holmer, is interpreted in terms of crustal thicknesses. The crustal model 
selected for computations was one having material of density 2.67 gm/cm3, underlain by material 
of density 3.27 gm/cm3. 

Minimal thickness values result over most mountain ranges and plateau areas in Colorado. For 
example, thicknesses as low as 35 km are found over the Front Range and the Uncompahgre uplift. 
This figure agrees with that ohtained by Tatel and Tuve by seismic methods in the Colorado Plateau 
(Arizona, New Mexico, Utah). 

Maximum inferred thicknesses, however, are found in areas where intrusive or extrusive igneous 
rocks are present. Examples are the Colorado Mineral Belt and the San Juan volcanic rocks. Tn both 
these areas, tbicknesses of about 50 km are found. 

The conclusions drawn are: (1) the crust in Colorado is warped and perhaps split in distinct 
blocks; (2) warping probably occurred during Precambrian; (3) mountain ranges are perhaps geneti 
cally related to the upwarps ; and (4) igneous activity and mineralization may have been a response 
to melting of the sialic rocks which were pushed deep into the mantle during warping. 
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PORPHYRY INTRUSIVE ROCKS OF THE MANHATTAN DISTRICT, NORTHERN FRONT RANGE, COLORADO 

William N. Laval and Allan E. Miller Department of Geology, Colorado State University, Fort Collins, Colo. A belt of intrusive rocks regarded as of probable Laramide age by Lovering and Goddard (1950) trends northeast in the Front Range west of Fort Collins, Colorado. It parallels the central Colorado intrusive belt to the south and contains granodioritic and monzonitic porphyries similar to those in the larger and better-known belt. 
In the Manhattan mining district the country rocks are Precambrian quartz-biotite schist, hornblende schist, and granitic rocks. Detailed mapping shows the porphyry to be dikes, sills, and small stocks. Tabular bodies are most abundant and are from a few feet to 200 feet wide and up to 1~ miles long. Most of them are discordant to the country rock foliation but locally parallel it. The stocks are irregularly shaped and formed at the intersections of dikes. Most of the dikes follow eastwest and northwest-southeast joints and shear zones that parallel major Laramide structural trends. Arcuate outcrop patterns suggestive of ring dikes result where dikes followed gently curving schistgranite contacts. 

Although mineralized shear zones are common near the intrusive rocks, there is little evidence of wall-rock alteration indicative of potentially commercial deposits. 
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Notes from: Geologic History of Rocky Mt.~egion, J.D.Haun & R.C.Kent, 
1965 , AAPG Bull. v.49,178l-l800. 

1789 In Jurassicnthickest marine depositionwas centered in the 'lwin 
Cre ek trough a long W boundary of the r eg ion (long itude of W Wyoming 
bor der). Twin Creek sedimentation (lower Ba jocian-Middle Callovian, 
168-160) i s the l a st significant carbonate deposition inn the Rocky 
M~untain reg ion. Mi ddle Jurassic paleogeographic map (170-160) shows 
NE trend of depositional envdronments.Normal marine on NW;NE Belt island 
separates t hi s from r e stricted environment on SE e (I sland on my map I) 
This depositional strike continued into Late Ju and was controlled by 
the transcontinental ar ch. 

Several Middle and Late Jurassic invasions by the Arctic sea;most ex
tensive representaed bye shallow marine and transitional sediments of 
Sundance and Todilto lS.(~~H Todilto Oxfordian, 155-153; 
Sundanca,upp~B, 155-151). Entire Ox fordian. Maximum limit of this sea 
shown 0 my Map II. Smnrce area fir most Juras sic clastics~on W~along 
a N-S u plift which formed in the Cordilleran trough during evadan 
orogeny.Af t a r northward withdrawl of Sundance sea non-marine shales and 
coarser clastics of the Morrison formation were deposkted. 

] 791 Cretaceous.- In ear ly K Arctic sea a gain invaded Rocky Mt. region. 
Dakota g r oup became younger southward;deposited in transitional environ
ments menr margins of this sea . Ar ctic se a joired,over the transcontm
nental arch,a seaway exteb ding N f r om Gulf of Mexico. Seas separated for 
a short time by joining of de~taic deposits from E and W;reunited in 
Late K. Sea did not reach NW ew Mexico until late K. Major sources of 
clastics were E and W of seaway in Early K,but in Late K dominent sourse 
was on W. Thick deposits on W reflect nearness of clastic source as well 
as ma jor downwarping;slightly E of thickest de posits of earlier periods. 

1794 We st-to-east progression of Late K sea periodica lly interrupted 
by t r ans gression s g iving intertonguing of mar ins and non-marine 
sediments ~hick non-marine and transitional Mesaverde accumulated in 
coastal plain and d el taic environments along the W shore (l-'lesaverde
Conia cian to mid-Santonian, 8$-79 

Cenozoic.- Laramide orogeny began in mid-Maetrichtian (67 m.y.) 
l as ted until end of Eocene. Arbitrary definttion , but a pplies to a r ea 
described In Laramide c~e vertical u p l i fts and basins,fo~«s, reverse 
and normal faults;tremendous thickness Qf non-marine~ed~,OOO to 45,oeo 
f t .of structura l relief developmd.Post-,aramide tectonic a ctivity was 
different, involving reg ional uplift and normal f aulting . 



Notes from TECTONI C CONTROL OF MINERAL BELTS IN rrHE SOUTHWESTERN 
COLORADO METALLOGEN I C PROVINCE. 

J.W.Gabe1ma_,W.H.BoJer, 1960, AI ME Trans. v.217,296-310. 
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Notes from 
DEFINITION OF A MI NERAL BELT " 
J.W.~abelman, Econ.Geol. v.48,1953, 177-210 

~elt ex~nds SE from Bona za to ~a Veta,Colo. 

Refer to maps. 
182. Stra:!!igrap~.- Lower L"aleo,unconformable on Frec basement, 600 
-1000 1

• vambrian-Miss. ~asal qtzite,then dolomite,qtzite,dolomite,ss s~., 
Is. Only in N part. Penn~ermiam ,mostly red beds,covered most of region. 
~ost of present surface exadpt where cryst.rocks exposed by uplif t . 

l"leso seds !\rovrered mos t of regilin unconformably ;removed exceI?,t in 
Huerfano basin. 

~ertiary for mations only in t he latter; his was depressed as ,Sangre de 
Cristo and Wet Moun t ains rose;received from these sandy a.d shal~ seds. 

~~logic History.- Ear y Paleozinc,bel t part of shallow cdntral Colo. 
basin embayment. Dur i ng la e Paleo uplift of ances t ral Roc k ies,regiO!!l 
near center ~ the deepening basin (Colorado geosyncline). This rec~ved 
gDB at t hi kndsses of clasric f rom destruction fro m destruction of San 
Luis and ances t ral ~ront Ranges. 

uegion bevelled; !11eso seds, ata tewide. Laramide Rockies development gav e 
rise to structures that eventually controlled ~ertiary volcanism and 
ore deposition. 

183 Uplift c:f J:!'ront Range-~,et Mts. s arted late K,culm i,nzted earl~ Eocene. 
~olding,underthrusting (N.B.),and overthrus t i ng toward the west. 

Note: Fig,~ shows Wet Mts.upl i ft bounded on E and W by thrusts whica 
on the W border at least ar steep-dipping . TIn order to have regional com
pression from t he E in early Eocene timr , he thrust on the E boundary 
is called an underthrust. Both are marginal thrusts due t o uplift. 

Middle Eocene,Siarra Blanca massif in San Luis Valley rose " and expa.
ded;caused strong overthrus ting toward N in upper San Luis Valle],towrd 
NE in Sangre de Cristo Hange and toward E is ~uerfano Park. 

Huerfano basin sink i ng t hroughou t the Eocene;received sediments from 
Wet and Sangre de Cristo Mts. 

Late ~ocene to early Oligocene Sierra ~lanca and Cu~ebra massifs, 
and the Wet Mts.were diff erent i ally uplifted,vertically breaking thru the 
thrust faults. 

Oli,ocene -Recent d ownfaul ting of San Luis Valle],Basin-range deforma
tion,ou lined present W slope of ban gre de Cristo. This founderinc accom
panied by extrusion of San Juan volcanics to W. Valley flows filled mucR 
of the val : ey. Dur i ng same period,entire recion NE of San Luis Valley was 
broadly uplifed several times. 

Colorado geosync l ine replaced in Laramide by San~re de Cristo,replaced 
by Huerfano-~rinidad bason on E. 

Zone of Structural Intersections.- Author's thesis,starting here,is 
unconvincing. Here is mine. 
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During late Paleo. uplift ef Ancestral Reckies,belt was near center 
ef the deepening basin. Beth Frant Range and San Luis upland were rising 
as basin sank (check ban Luis). ~erfect hinge zene,en flanks ef basi •• 
Ne t e' in Fig .4 tha t all his ere d istric ts Seuth Bemanza, Orien t and Bla,kr I, 
are eutside his zene ef structural intersectiens;latter 2 en margins. 
Uplift ef Frent Range-Wet Mt.regien started in late K,culminated ' in ~prl, 
Eeceme,with 4eldin~ and thrusting (maginal tarusts dipping into. cere of 
uplift. Clese tieiD ef f eldi ng,thrusting,uplift. (Check everttirnilllg of 
felds). 

Middle Eecene: Uplift ef Sierra Blanca massif;marginal thrusting e. 
E flank. 

Uplift centinued,late Eecene to. early Oligecene,Wet Mts.,NE hinge 
zene, Siarra Hlanca-vulebra massif, SW hinge zene. High-angle nermal 
faults break i ng thru tbrusts. 

Oligecene to. recent,Ban Luis 'alley dewnfaulted;velcanism filled 
muck ef valle,.At same time regien NE ef S.L valley bFnadly uplfted se
veral times. I f age ef epithermal depesits is Miecene,as seems prebably, 
ene ef these perieds ef uplift accempanied the mineBalizatien. 

'Jlh s ~he NE regien WiS uplifted: 
1. Late Paleo. 
2. Early Eecene11!hrusts marginal :- 0. Wet Mts. fermed. 
3. I,ate EeceDe", 

~lV" " .u.. -M- to. ear ly Oligecene 
~~. Oliggeene to. recent. (Several uplifts). 

Stier a Bla.cs uplif ed: 
1.Middle ~ecene 
2. Late ~ecene to. earl, Oligecene 
The two. uplifts carry nearly all the ere d i stricts 
Nete:Preef that the Pleasant Valley fault en W margin ef Wet ~ts.is 

a marginal thrust is furn t shedb, the prebable fact that it centinues 
SE beunding Huerfane Valley en E,as a verticl fault,up en E.OP.l85). 

Ore belt splits at Urient;ene spl it ENE thru Silver Cliff and Resita • 
On SW flank ef Wet Mts.uplift. Other split,te SW,ceincides wi t n late 
Eecene migh-angle fault zenes aleng which Sierra Blamca-vulebra massifs 
rese (en E). At VI scarp ef foJangre de Cristo. and Culebra ranges. Almest 
ceextenstive with Oligecene er later h gh-angle fault zenes aleng wbic. 

he massifs and San Luis Val l e, subsequently $ank,te crea e present scarp. 
Auther explians str ~nger mineralizatien im NE split (BenaBza-Resit.' 

by fact hat Wet Mt s,marginal thrusts,dipping E,are ste ,'per than he 
thrusts marginal to. Sierra ~lanca-eulebra massifs,which are flat,sballew. 

P.189. Objec;iens to. mi neral belt. Wide gaps between districts and de
pesits within the belt. ~elt much wider than zene ef intersectien. 
··any distr i c s N ef belt (Cripple Creek). Central part ef zene e f inter
sect i ens S ef Blake has no. ere dep osits. 

He ascribes depesits nerth ef belt to. later vertical uplift faults 
inaersecting thrusts,W er E-directed. 
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P.190.Epithermal casracter: shateering of wll rocks near larg faults. 
Predomimance oc local faulting and shatering over local f olding. AbunduDt 
cavities;open-fussure filling. ~ack of strong alteration except locally. 
Shallow qepth below old erosion surface. Low9T minerals:Au,Ag.tellurid6S 
ar~nt~te,sph~lerite,~alena,?cpy;gangue chalcedoDy,low-T fluorite,pyrite: 
adularla,alunlte,calclte,barlte. ~ase m~ als subordinate to gold and 
silver. A mineralogic province. 
P.195 Bonanza. VoDcanic center,4000'.Arched and differentially tilted by 
shallow large bulging intrusuves. upwarping of vol canics caused by ri
sing magma. Dome collapsed etc. Gravity faults caused by tension. 

~onanza has nobamng to do with his zone of structural intersections. 

P.205. ~n Rito oeco district,volcanics marked Pliocene? on g ologic map of 
Colorado. ,l'lineralization may be middle or la te J:>l iiocene. nowever at Bonanza 
ghe volcanics are all,or at least ,pre-I'1 iocene Potosi (Burbank PP169,p .15). 
Eruptive period may have been in Ologocene.However,youngest premineral 
rock near top of 4000' section-may well be lower Miocene. 

D.E.Karig,1963, ~ertiary tectonic history at the northern Oangre de 
Cristo Hge.,Colo. GSA Spec.J:>ap.76,278. 

3 phases of deformation.~resent r ange is ~ flank of 2 earlier,larger 
uplifts. 

First:com lenced in late K as broad domal uplift;elevated eno gh by 
J:>aleocene to cause gravity sliding of thick Permian-~enna seds. along 
bedplaae thrusts. Prec basement rocks involved in some cases. Tot al 
displacement 10-15 miles on NE and E flanks of uplift. 

0econd:Block uplift of SaD ~uis Val ey area caused second dtage of 
thrusting along flattened upper segments ~f boundary faults whiah ex
tended E in t o si '- e of present range. Lesser magnitude but folded earI:,ier 
bedding thrusts and deformed Olgocene? welded tuffs in E fo ~ thills.Nother 
block rose to the NE interfe ed with this thrusting at ~ end of range 
and was probably responsible for high-angle faults there, 

Third: vollapse of San Luis Valley uplift along steep portions of the 
second-stage thrusts began in Miocene? ;still continues,shown by fault 
scarps along W margin of range. vaused by volcanic-tectonic depreSSion 
related to volcanism tin San Juan ·Mts.? ~asin-Hange faullting? Tensional 
faulting following wedge uplift? 

All features of region due to vertical tectonics-mainly uplift. 

- 3 -



COLORADO 

f~gH~FgBh minin-5-district-Princeton stock: J. ':J . - abelman,1950, Struct
ura~-con~~~lmestone alteration in the Monrach mining district,Colo. 
GSA Bull.v.61,1552-3. 

Williams thrust, h Jlriz.to E dip: .Precambrian thrust over deso.oic • • " 
Main movement post ,1 iddle Park (late K-Paleocene) ,before extrusion 
of Eocene volcanicsRenewed movement in Late ~ocene. Arthur ichards, 
1950, ~eology along the Williams thrust near Kremmling,Colo. GSA Bull. v. 
61,1496-7. 

Note: ~his and the Gore thrust to the W are marginal thr usts accompny
uplift. Main movement on Williams t hrust cor ~esponds very closely to 
age of metallization on porphyry belt. Leadvill i e ore is post-Lincoln 
porphry,64 m.y. ~~lefie ~~e~ Uplift starts first, then marginal 
thrusts develop. I t is almost eertain that uplift accompanied t he ~eadville 
min eralization,and that of the entire porphyry belt. 

Fulfor~, Drush Cree! Minigg Qi~!Ei£tsJ.W.~abelman,1?4?, La~ami~e struc
ture & i gneous activity of Fmlford & Brush Creek mlnln~ d l strlcts, Colo. 
GSA Bull.v.60,1960-61. NW Sawa t ch Rge.Laramide structure: NE s y etm,E-W 
system,and combination of the two. NE: 4 thrusts,a large nasin,related 
smaller folds. He sult 0 southeastwardly directed pressure at andant 
to rna n uplift of Swatch massif. ~-W: monclinal northefly dips and high
an gle faults of large displacement caused by uplift of a large anticline 
in Hrying Pan Creek. In area of in tersectio resultamt forces produced 
combined structures and a NW narrow zone of weakness,alo jg which intru
sive s and OBe d eposits were introduced: 

V'''' 'I' 

/ 

Small st 'ck near Ful~ord in seds 
has minimum of contact phenomena, 

but shows in t ermal dDffe ren tiation from 
QD thru GD to QMP. HT alteration intense 
with n the stock but mear 0 in confining 
rocks. Many sills of QMP near stoc~echelon 

QI'1P dikes SE along zone of . weakness. 
I ' 

, ~ 
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Notes from PETROLOGY ANF STRUCTURE OF 'r HE SOUTH~RN \VET Iv'l rr S_,COLO. 
R . E . Boyer,1962, GSA Bull. v .73,1047-l70. 

1047. ~recambr i an core :metazedimentary ~neiss and schist concordantly 
foliated wi t h grani t e gneiss .1 050. r he nrecambr i an comp lex is bounded by 
Upper Paleo or yo unger seds.which wrap around its S end.Sangre de 
Cr isto for mation-late ~enn or ear ly ~ermian. ~pper Jurassic Uetrada ss 
rests unconformably on th j. s., ~ lanks S end ~c6 f Wet J'lt s. Cretaceous rocks. 

ffe lsic and ma fic dikes:doinant trend N55W parallel to most of 
faults . Subordinate trend, extrme W part, NIO-30E . 1052. Age unce t ain; 
probably Ter tiary. Several hypabyssal rhyo stoc ks. Rhy ol it e t uf .. deposi
ted on eros:iio 1al P ecambrian surfac e . Probablv ,'li ocene . Scattered andesite 
remnants on Frecanbrian surface; in places underlain by the rhyo tuff. 

1056 . Granitic Dc ks,youngest Precambrian, cover half the map a re a. 
1061. ~egion al Structure : Wet 1ts,form central unit of en echelon pa tttern 
w· th Bangre de Cristo ~ange on Wand Fron t Rge .t o the N. We t Mts. have 
close genetic co nect ' o n w·; th J!'ron Rge . 

S W et Mts,form SE*pl unging antic l ine outlined by the upturned sed. 
b eds which bound the range .. Along SltJ edge range bounded by h igheangle 
nrmal and reverse faults wh i ch separate it from Huerfano Park. COn my 
Larami e ec t o n' c ap,this is shown as a sin~le fault turning to a thrust 
on t he NW) . W-dipp ing thrust on NE border. 

Structural elements trend dominantly NW,parallel to elongationoif 
the range . ~au ts,dikes,joints. 

1062 . Several periods of faulting ,but mo st fau lts have had Laramide or 
y unger movements . 

Domin an t fault se t N6 0W parallels elongation ~ f range. nclides faults 
on NE and Sii flanks of rge . l.'ian y dikes parallel . Becond group, mainl y 
branches off the first,strike N30 W. Fo liat ion i s a promi nent control 
f~r the NW t rend. 

1063 . ~ost faults dip 75 or ste e p er. On NE flank the N60W faul t s dip 
NE ,on the SW slope SW . Mov ement dip- sl i p normal. As dips are s teep , 
sl lght variations may change a normal to a reverse fault in a few mi l es 
on s t r i ke. At dpth these fa ul t s are thrught to remain high - angle,as 
wouln be cons i s t ent with upward movement of the cry s t alline core by 
vertical uplift. 

F'aul ting in Precambrian, la te Paleo, Laramide through 'rertiary. Mo st 
Precambr ian faul t s of N60 W set ,developed late i n the emplacement of fu 
major San .Lsab el b a t holith . IJlany recambrian faults were rejuvenated du
ring la er distrurbances . Other faults developed fpm new stress orienta
t · o .s. Late Paleo deformation(Ancestral Rockies) confined to reggional 
~pwarps and mov ments al ng older f aults. 

La ramide-'l 'ert i ary movemen ts, much along preex i sting fau:TIt zones and 
the i r extensions;but new fract~~es also f or -ed . Mov~ment of the Wet M~ 
massif was primar ily vertica131~ ~oved upward en bloc between t~e NW 
faults . neg ional compression is i nd i ca t ed by th ~ inetense faudin g a nd 
t hrusting of the Tertiary units of Huerfano Park. H~wever, uplift of 
the Wet Mt,block may have been the r~sult of solely vertical stresses 
as 'sugges ~ed by J. C . Harms .1961,for the Front Ran ge . (Paper presented 
at AAPG An ~lal Mee ting, Denver) • 
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Paleo- ~eso distory . I n earlier Paleo Wet Mts. were a positive element 
on the Colorado sag of the Transcontinen tal arch. 

1067. Miss or early Penn. , Wet Mts.uplifted as part of Ancestral Rock i es. 
Downdrop of adjacent basin,rap i d dep os i t i on. Accumulat i on of seds •. grea
t est in Penn.Eermian ., al t houg h ero sion of the range continued during 
most of heso . Cse cgl of Penn - Permian Sangre de 0risto for mati n ~ trst i
fi e s t o rapid x eposit i on. 

Just before late K,seas a dva nc e d slowly ;marine deposition cont i 
nu e d until n e ar the end of K and beginn i n g of Larami de orog eny . 

Laramide History: ~ros i o n al unconformi t y between Ku P i erra shale and 
the Paleocene ~oison vanyon f ormation ~ ives ev i dence of the unrest that 
be g an as thrus t ing i n nearby basins and culmi nated i n uplift of the 
rang e. Laramide prob ably atta ined i ts peak in la t e of post- Bridger time;a s 
f r ma t ions as y oun g as Eocene Farasita have been dsiplaced by fault s 
bo r der i ng the Wet J¥lts .( Bridger i s jus t above mid-Eocene ) . La i n up lift 
was probably late e arly ~oc ene;sed.cover str i pp ed. 

Post-Laramide I i story: Bros i on pre~ed ed extrus i on of the Mi ocene 
volcanic s; developmen t of thi s eros i on s urfa ce c uld have s arted i n Eo
c ene . 

clo st prob ably major uplif t to k plac e afte r the volcan i sm. Major NW 
fault on SW flank cu ~ s the volcan i cs. 
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COLORADO 

J.H.Howard, 1966: STRUCTJRAL DEVELOPMENT OF l IE WILLIAMS RAN GE 
'I'HRUST, COLO. GSA Bull. v. 77,1247 -1264 

m Tvpic a l marginal thrust to Front Range-ver tical at d ep t h,flattens t o 
horizontal on W. Mathematical analysis. Age post Pierr e (end of Pierre, 
about 71 m. y .);this is initial movement. Pre-Middle Park (highest K). 
But resumption of movement into Paleocene. Block to E rising ; Checks well 
for Leadvulle ,on the S, being on the hinge zore. (La t est Pbville porphyry 
64 m.y.). 



COLORADO-WYOl'UNG 

Gary W. Crosby, 1967: Isostasy and Overthrusting in western Wy oming . 
AAPG Bull. v. 51,1900. Abstr. 

Goinciding with fron ta l seme of t he over t hrust belt in W. Wy o is the 
a x is of a f ormer narrow trough along which max.of 2~,000 ft.o f K seds. 
accumula t ed. Intermittent marine deposi t ion persisted to near t op. 
During this subsidence,former miogeos~nclin e in SE I daho was ris i n g . 
Overthrus ing progressed eas t ward in time; ' daville and Evans t on forma
t i ons were overr i den by easternmost Hogback thrust soon after deposi
tion,while t op of system ~s near ~ea level. 

Cret. Hilliard shale,3000' below top of Adaville,crps ou t at 7500~, 
cratonward from easeernmost thrus t ;he nce restored elevation of 2 mi. 
for top of Crete is no t due to thrustin g ,but to pQl3t-thrus ,ing vertical 
uplift. 

Pre-Cret,surface in the miogeosyncline-shelf boundary zone subsided 
25,000' during Crete sedimentation wh i le f ormer miogeosyncline was up
lift ed and unknown amou~t. S i nce overthrusting, Cret.frontal trough has 
risen 10,000+ ft.;possible sub sidence ~n SE Idaho. This oscil l atory mo
s eems of sufucient ma gnitude to reverse dips on major thrust surfaces, 
from down-to-east a t end of Crete to d own-to-wes t at pres ent. r hus pre
sent attitudes do not preclude gravitat ional gliding as the mechamism 
of overthrus ting. 

d Ave. of 100 Bouger gravity measurements in SE I daho p lots 20 mgal 
on positive side f Woolard s mean world curve,wh i le ave.of ~~Bouuer 
measurements over frmer Cret.trough in W Wy o p l ots 32 mgal on negattve 
side. I n t erms of isostasy,the v e rt ica l movemen t s tending to reverse the 
movements on overthrust faults appear to be active at present. 

/tI7PC /1itl- Ct'6i11JMt <jeiflt1fJ 13 le l7();~f Itee;;~ 
IN, c /, /tr 1 L ~/), 



LONDON FAULT, COLORADO 

Compiled from: 

(l)S i ngewald, Q.D.,Butler, B.S.,1933: Suggestions for pr spec ting 
in the Alma distric t , Colo. Co ~ o.Sci.Soc.Proc. v.13,No.4,89-131. 
(2)******,******(1936: Structure and mineralization along the London 
fault, Colo. AIME Trans.vai. 126(1937) 426-441. 

(3) Butler and Singewald,1940: Zonal m ~n eral ization and Sil i cif icat j on 
in t he Horseshoe and Sac~amento distr i cts,Colo. Econ.Geol.v.35,793-838 

(4) ~in,ewald and Butler;1941: Ore deposits in the vicinity of the 
London faulf of Colorado. USGS Bull.911/ Alma and Horseshoe distr i cts 

Data from last reference e~ce~t where ohherwise . no t ed. 

1 Penn. Wbber (?) qzzite cgl.kq zitearkose,shale,ls. 
Miss. Leadville Is. 
Dev. Chaffee formation:qtzite below Dyer d ~ lomite 
Ordov. Manitou ·ls. 
Camb. Sawatca qtzite 

xxxxxx 
Prec. Gneiss,schist, grani t e etc. 

Tertiary(?) sills in seds.d ikes in PTec. QMP. Oldest White porphJry 

(70 m.y.);Gray. porphyry 64 m.y.). 

22 Structure:Regional dip in IVIosqui"to Rge E, away from Sawa t ch uplift. 
Long narrow folds associated with reverse faults. 

Attached cr oss-sections show London and other ~xxg±nreverse faults 
to be t ypical marginal thrusts such 8 S Elk Mts.and Vasstle Creek 
f aults to the west. 

Host of rhe production along the Lilion fault came rom gold veins 
in he sharply~up t urned sedimens and si l .s in he i "mediate FWof 
t h e London fault. See sect i ons, ~he veins are along mine faults which 
dip sli~ht ly m; re flatly than the beds and sills. Qtz,subordina t e py, 
ZJ1S, PbS ccpy. 
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