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Geology of the Gran Quivira Quadrangle, New Mexico

By
ROBERT L. BATES,! RALPH H. WILPOLT,2 ARCHIE J. MACALPIN 3
and GEORGES VORBE*

INTRODUCTION

LOCATION OF THE AREA

The Gran Quivira quadrangle is a rectangular area that in-
cludes parts of Socorro, Torrance, and Valencia counties, central
New Mexico (Figure 1). East and west boundaries are the
106° and 106° 30’ meridians of longitude, and north and south
boundaries are the 34° 30’ and 34° parallels of latitude. The
quadrangle covers about 980 square miles.

The town of Mountainair lies just outside the area, near the
center of the north boundary. Claunch is situated on the east
boundary. No large towns lie within the quadrangle. The only
settlements are the small communities of Abo and Scholle in the
northwest part, Chupadera in the west central part, and Gran
Quivira in the east central part.

The area is served by U. S. Highway 60, which crosses the
northwest corner; by State Highway 10, connecting Mountainair
and Claunch; and by State Highway 161 from Claunch to Bing-
ham, 6 miles south of the quadrangle on U. S. Highway 380. A
large number of secondary roads serves the farms and ranches
of the area. The Amarillo-Belen line of the Santa Fe Railway
crosses the northwest corner.

A wide strip down the central part of the quadrangle is in-
cluded in the Cibola National Forest. Gran Quivira National
and State Monument, embracing about two sections of land, lies
on the Socorro-Torrance county line in the east central part of
the quadrangle. Abo State Monument is situated half a mile
north of U. S. Highway 60, midway between Scholle and Abo.

1 Chief, oil and gas division, New Mexico Bureau of Mines and Mineral Resources.

2 Assistant professor of geology, New Mexico School of Mines; formerly assistant geol-
ogist, U. S. Geological Survey.

3 Assistant professor of geology, University of Notre Dame; formerly assistant geologist,
U. S. Geological Survey.

4 Associate professor of geology, New Mexico School of Mines. -
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Mexico showing county boundaries and the Gran
Quivira quadrangle.
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TOPOGRAPHY

The Gran Quivira quadrangle includes, in its extreme north-
west corner, about 1 square mile of the alluvial plain that forms
the east side of the Rio Grande valley (Plate 1). The boulder-
strewn surface of this plain slopes gently to the west; along its
eastern margin it has been dissected into low spurs separating
wide shallow arroyos. The plain supports a thin stand of grass,
cactus, and yucca.

East of the alluvial plain lie the Manzano Mountains. At
their southern end, in the Gran Quivira quadrangle, these moun-
tains are only 114 miles in width. The surface is rough, the
drainage is by intermittent streams in deep canyons, and the
vegetation cover is scant. The mountains are bounded on the
southeast by a deep straight canyon with a high ridge on its
southeast side (Plate 2, A).

Extending very irregularly from the quadrangle’s north-
east corner to the center of the south boundary is a high escarp-
ment with its steep slope on the north and west. This escarp-
ment divides the main part of the quadrangle topographically
into two parts—a relatively low, rough area to the west and
north, and a relatively high, gently rolling area, Chupadera
Mesa, to the east and south.

North and west of the Chupadera Mesa escarpment the sur-
face is underlain by strata of limestone, gypsum, shale, sand-
stone, and arkose that dip gently southeastward except in the
northwest corner where their dip is steep. These strata have
varying degrees of resistance to erosion, and consequently the
surface consists of alternating ridges and valleys. This condi-
tion is especially characteristic of the area west and southwest
of Abo. Closer to the Chupadera Mesa escarpment the strata
have in places been dissected into small erosion remnants held
up by resistant beds; examples are the prominent buttes south
of U. S. Highway 60, some 6 miles southwest of Mountainair.

Between the Chupadera Mesa escarpment and the Manzano
Mountains are three small disconnected areas of stream-worn
gravels. These gravels, which rest on surfaces that bevel the
tilted bedrock strata, represent remnants of an alluvial plain or
pediment that was of wide extent before erosion greatly reduced
its area. The surfaces of the pediment remnants are smooth
and slope gently to the southeast. They support grass and scat-
tered pifion and juniper trees.

In the west central part of the quadrangle is a group of
long narrow ridges trending northeast. They range in length
from less than a mile to more than 6 miles, and in width from a
few tens to a few hundreds of feet. Owing to the relatively resist-
ant character of the intrusive igneous rocks composing them,
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they stand from 10 to 100 feet above the surrounding surface
(Plate 2, B).

The southwest quarter of the quadrangle includes the north
end of a regional physiographic feature known as the Jornada
del Muerto (“journey of the dead”). This feature is an arid
plain that extends more thian 100 miles southward. The part of
the Jornada lying in the area of this report is a nearly flat tree-
less desert characterized by sand dunes and dry washes. It is
rimmed on the west, north, and east by a low ridge that merges
on the northeast with the Chupadera Mesa escarpment.

Drainage east of Mountainair is by intermittent streams
that flow from the Chupadera Mesa escarpment northward into
sink holes. In the northwest part of the Gran Quivira quad-
rangle drainage is into Abo Canyon, which leaves the quad-
rangle 315 miles south of the northwest corner, cutting through
a saddle between the Manzano Mountains to the north and the
Los Pinos Mountains to the south. The canyon carries inter-
mittent drainage westward into the Rio Grande valley. Drain-
age in the west central and southwest parts of the quadrangle
is by intermittent streams that are not tributary to a major
stream but die out in the sands and gravels of the Jornado del
Muerto. Major units of this drainage are Chupadera Arroyo
and Arroyo Seco.

Chupadera Mesa, east of the area just discussed, is a wide
tableland with moderate to low relief that occupies some 1,700
square miles in central New Mexico. Elevations on the north
range from 7,050 feet 4 miles south of Mountainair to 7,250 feet,
the highest point in the Gran Quivira quadrangle, on the butte
in the center of T. 1 N., R. 5 E. In the central and south central
parts of the quadrangle, Chupadera Mesa consists of heavily
wooded hills and ridges with intervening steep-walled canyons.
Numerous prominent hills are at the top of the escarpment that
bounds the mesa on the west and northwest; the two highest are
called Grumble Knoll and Brushy Mountain. Two prominent
east-trending ridges, the northern of which is named Turkey
Ridge, are situated in T.1 S., R. T E.

The eastern boundary of the central high forested area is
a north-south bluff, the south part of which is known as Monte
Prieto. This bluff extends from a point 11 miles north of the
village of Gran Quivira to beyond the south boundary of the
quadrangle. On the north the Monte Prieto bluff has a height
of approximately 100 feet; it becomes progressively higher to-
ward the south, so that where it passes out of the quadrangle it
stands 250 feet above the lower country to the east.

To the east of the Monte Prieto bluff lie gently rolling low
hills and wide valleys. Much of the surface is under cultiva-
tion; where not broken by the plow, it supports a good stand of
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A. Panorama at the northwest corner of the Gran Quivira quadrangle, looking

north-northeast. Manzano Mountains extend from high point in center to left back-

ground. Abo Canyon, in foreground, swings sharply to the left beyond Santa Fe

Railway trestle. Paloma Fault (PF), with pre-Cambrian rocks on west and over-

turned Pennsylvanian limestones on east, crosses Abo Canyon beyond trestle. Note

drag-folded Pennsylvanian strata on east side of fault. White streak at left is Sais
quartzite quarry.

C. Sink depression in rocks of the San Andres formation on

Chupadera Mesa. Looking southwest from State Highway 10, near

the southwest corner sec. 19, T. 2 N., R. 8 E. Depression contains
more water than usual on account of heavy rains.
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range grass. Mapping of this gently rolling country discloses a
distinct east-west orientation of low ridges and wide valleys
(Plate 1). The Gran Quivira ruin stands at the west end of one
of these ridges. Cat Mesa, situated in T. 3 S., R. 8 E,, is a group
of hills that do not show the prevailing easterly trend. Some of
the ridges and hills merge with the Monte Prieto bluff, whereas
others are separated from it.

Drainage over all that part of Chupadera Mesa lying in the
Gran Quivira quadrangle is into sink holes, the result of solution
in the gypsum that constitutes much of the rock at the surface.
The sink holes range in area from a few square yards to several
acres. Most of them, including all those west of the Monte Prieto
bluff, are shallow and dry; a few of those in the lower country
to the east contain permanent pools (Plate 2, C).

PURPOSE AND SCOPE OF THE REPORT

The purpose of this report is to present an account of the
general geology of the Gran Quivira quadrangle. The exigencies
of wartime limits on time, transportation, and personnel neces-
sitated a preliminary or reconnaissance approach to the prob-
lem. Further refinements in mapping, and a more exhaustive
treatment of the rock units, remain to be made. The report does,
however, represent a considerable advance over the previous
available information on the area.

The text has been prepared by the New Mexico Bureau of
Mines and Mineral Resources. The geologic map, Plate 1, is
the result of a cooperative field project between the Bureau and
the U. S. Geological Survey. This map is being published by the
Survey as a part of a larger map (Wilpolt and others, 1946).1

Geologic mapping was done on contact prints of aerial
photographs, which were available for the west half of the quad-
rangle, and on re-drawn township plats in the east half. Plane-
tabling was carried on north and northwest of the village of
Chupadera and along the Chupadera Mesa escarpment from a
point south of Mountainair to the northeast corner of the quad-
rangle. Stratigraphic sections were measured, a reconnaissance
survey of the topography of the east part of the quadrangle was
made, and petrographic examinations of the igneous rocks were
carried out.

The stratigraphic nomenclature and classification used in
this report follow the usage of the New Mexico Bureau of Mines
and Mineral Resources, and differ somewhat from the usage of
the U. S. Geological Survey.

1 References in parentheses are to the bibliography at the end of this report.
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PREVIOUS WORK

No prior publications relate specifically to the Gran Quivira
quadrangle. The stratigraphy and structure of Chupadera Mesa
have been discussed by Darton (1922, pp. 221-223; 1928, pp. 86-
94). Descriptions of the Oscura (Chupadera) anticline, in the
south central part of the quadrangle, have been given by Darton
(1922, p. 231), Winchester (1933, pp. 194-198), and Bates (1942,
pp. 290-293). Measured sections of Permian strata in Abo Can-
yon have been made by Lee (1909, pp. 20-21) and by Needham
and Bates (1943, pp. 1654-1657). The entire Gran Quivira
quadrangle is included on the State geologic map on a scale of
about 8 miles to 1 inch.

Winchester (1933, p. 190) has discussed briefly the occur-
rence of oil shale of Pennsylvanian age in Abo Canyon. The
Scholle and Rayo mining districts have been described by Lasky
(1932, pp. 135-136) and by Lasky and Wootton (1933, pp. 115,
117-118).

ACKNOWLEDGMENTS

The cooperative arrangement under which this report has
been prepared was initiated by C. B. Read, U. S. Geological Sur-
vey, and John M. Kelly, formerly Director, New Mexico Bureau
of Mines and Mineral Resources. To both these men, and to the
Bureau’s present Director, E. C. Anderson, the writers wish to
express their appreciation for helpful and interested supervision.

J. T. Stark and E. C. Dapples of Northwestern University
kindly provided a copy of their Los Pinos Mountains geologic
map in advance of publication. Aerial photographic coverage
was secured through the courtesy of the Albuquerque and Moun-
tainair offices of the U. S. Soil Conservation Service. E. W.
Cottam of the U. S. Forest Service supplied information on maps
and ground water. The writers wish to record the friendliness
and interest of the residents of Mountainair and vicinity.

RUINS AT GRAN QUIVIRA AND ABO

The ruins of two ancient Indian pueblos and Spanish mis-
sions are situated in the Gran Quivira quadrangle. The following
brief notes are inserted as a matter of general interest.

About the time the Pilgrims were landing at Plymouth Rock, Spanish
padres in the Southwest were constructing Gran Quivira Mission to serve
the surrounding 10 cities of the Jumano Indians, a tribe now extinct. The
older church is badly disintegrated, but the massive walls of the second
church and its attached monastery and convent, on which work began about
1649, are still standing. The latter church probably was abandoned about
1670. Also included in the monument are ruined pueblos. (U. S. National
Park Service, 1941, p. 4.)
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According to Hewett and Mauzy (1940, p. 106), Gran
Quivira is unique among ancient New Mexico ruins in having
been built of limestone. The walls of the big church are 6 feet
thick; some of the great timbers for the building had to be car-
ried not less than 16 miles.

The Abo mission was founded in 1629 and dedicated to the
patron saint of the old city of Abo, Finland (Hewett and Mauzy,
1940, p. 108). An elaborate religious establishment, including
church and monastery, has been laid bare by recent excavations,
and a considerable area of buried foundations remains to be ex-
plored. The buildings, which are constructed of red sandstone,
are situated in a natural amphitheater on a tributary of Abo
Canyon. '

Both Gran Quivira and Abo missions were abandoned be-
cause of raids by the predatory Apache and Comanche Indians
from the plains to the east.

PRE-CAMBRIAN ROCKS

Outcrops of pre-Cambrian rocks are confined to the southern
Manzano Mountains, which cross the northwest corner of the
quadrangle (Plate 1). Meta-sedimentary rocks and rhyolite
are intruded by granite. The following lithologic descriptions
are based on megascopic examination of specimens of the meta-
sediments and the granite. The rhyolite is not described. Sys-
tematic petrologic descriptions and a close study of the field rela-
tions await future work.

The meta-sedimentary rocks include quartzite, quartz-seri-
cite schist, and chlorite schist. The quartzite is prevailingly
gray, with some greenish and purplish layers. It occurs in beds
1 foot to 2 feet thick, separated by partings and thin beds of
greenish gray schist. The texture is finely granular; no sys-
tematic orientation or elongation of the grains is apparent.
Crystalline quartz makes up 99 percent of the rock; the remain-
der consists of brown hornblende, biotite, and green chlorite.

The quartz-sericite schist is light gray when freshly broken
but mottled or banded brown and green on long-exposed sur-
faces. Besides sericite and quartz, this schist contains a few
small octahedra of a black opaque mineral, probably magnetite.
Other schist layers, which show a more pronounced schistosity
and weather greenish gray with a silvery luster, consist chiefly
of chlorite and quartz, with small erystoblasts of garnet and mag-
netite (?). The minerals and textures indicate that the schists
have been produced by rather moderate dynamic metamorphism
of fine-grained clastic sediments.

The bulk of the intrusive pre-Cambrian igneous rocks con-
sists of pink slightly porphyritic biotite granite. Euhedral crys-
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tals of orthoclase 1.0 to 1.5 centimeters in diameter are sparsely
distributed through a groundmass that is made up chiefly of
orthoclase, with lesser amounts of a sodic plagioclase, anhedral
quartz, and from 5 to 10 percent brown biotite. In places the
orthoclase of the groundmass is intimately intergrown with
microcline to form perthite. The sodic plagioclase is in subhedral
tabular laths showing fine albite twinning; the biotite occurs as
euhedral hexagonal plates. Traces of a black opaque octahedral
mineral, probably magnetite, can be recognized. Small cubes of
pyrite and prisms of apatite are also identifiable.

Several variants of this granite are present. Locally the
proportion of quartz increases at the expense of both types of
feldspar; the amount of plagioclase is especially reduced, and in
composition the rock approaches an alkali granite. In other
places phenocrysts are absent, and the rock has a medium-
grained granitic texture and a light gray color. Dark spots are
produced by partly chloritized brown biotite that forms 10 to 15
percent of the rock. The alkali feldspar is entirely orthoclase.
In a third variant the color is pink and the texture is in general
fine-grained granitic; a few phenocrysts up to 4.0 millimeters in
diameter are present. The mineralogical composition resembles
that of the coarser-grained rocks, but the alkali feldspar is en-
tirely microcline and microcline-microperthite. Biotite forms
less than 5 percent of the rock. In parts of the specimen exam-
ined the rock has a marked saccharoidal appearance. It prob-
ably occurs as dikes cutting the main mass of granite.

The pre-Cambrian rocks of the Gran Quivira quadrangle are
continuous with those of the Los Pinos Mountains to the south-
west, concerning which Stark and Dapples (1941) make the fol-
lowing statements.

The pre-Cambrian core . . . is composed of the Sais quartzite (oldest),
Blue Springs muscovite schist (originally siltstones), White Ridge quart-
zite, and Sevilleta rhyolite, all intruded by the Los Pinos (pre-Cambrian)
granite. The pre-Cambrian bedded rocks exceed 10,000 feet in thickness, of
which nearly 4,000 feet is rhyolite flows. All dip westward (average 50°),
and schistosity parallels the dip. Schistosity of the Los Pinos granite
(N. 20° E.) parallels that in [the] other pre-Cambrian rocks. Granitization

is pronounced along its borders, particularly along the contacts with the
White Ridge quartzite.

Probably much less than 10,000 feet of pre-Cambrian rocks
are exposed in the Gran Quivira quadrangle, as only a small part
of the Sevilleta rhyolite is present. Dip and schistosity of the
bedded rocks are essentially the same as in the Los Pinos Moun-
tains. No marked schistosity was noted in the granite, however,
nor is pronounced granitization evident at the few places where
the contact between bedded rocks and granite is exposed.



SYS- - COLUMNAR ~
TEM | SERTESOR | FORMA- | MEMBER | ‘SECTION CHARACTER OF ROCKS
eriin Sand_and gravel.
[CRETA- Dakota sandstone Light gray sandstone.
[CEOUS
& Varicolored sandstone, siltston,
&2 Dockum P » Sitstone,
= group and shale.
[
=
San Andres Gray platy limestone, white
formation sandstone, and gypsum.
Glorieta White to yellow cross-bedded
sandstone clean quartz sandstone.
Z Joyita member 30-91[ Pink and buff silty sandstone.
< Caii %% 105- | Gypsum with shaly partings.
— anas member 170 ~ o
Leonard 7
E series- Se—mcmsssaas
= Yeso : d
‘mati Varicolored silty sandstone an
. formation Torres shale, with thin beds of gyp-
member sum and gray limestone.
.
Meseta 'ﬂlnucn Pink medium-bedded sandstone.
member
Red shale, red slabby sandstone,
Ab. N and dark-red arkose, with mud
= fo (t) ripple marks, and
- ormation s-bedding.
é Wolfcamp
5 series
23]
R
Biirsiiia Purple shale and sandstone with
formation thin marine limestones.
Arkosic Gray nwliium-befldod limestone,
limestone gray-green micaceous shale,
member and green micaceous arkosic
sandstone,
g
5 Madera
limestone
>
-
% Marine Gray dense cherty limestone,
Z limestone % -: 665 massive to medium-bedded;
member e weathers to ledges with pitted
E e surfaces. ’
oy e S
Sandia Upper 133 Siliceous sandstone and quartz-
formation member pebble conglomerate.
Schist and quartzite, intruded by
PRE-CAMBRIAN coarse granite. ’




SEDIMENTARY ROCKS

In the Gran Quivira quadrangle a total of 3,750 feet of sedi-
mentary rocks are exposed above the pre-Cambrian basement
complex. As shown on the chart, Figure 2, these rocks include
nine formations of Pennsylvanian, Permian (?), Permian, Trias-
sic, and Cretaceous ages, overlain by Quaternary deposits.

PENNSYLVANIAN SYSTEM

GENERAL STATEMENT

A number of classifications have been proposed for the
Pennsylvanian rocks of New Mexico. The most recent and by
far the most detailed is that of Thompson (1942), who divides
the Pennsylvanian strata into fifteen formations in eight groups.
Thompson’s subdivisions are based chiefly on fossil evidence,
especially on that of fusulinids.

For the present map and report, time could not be taken to
make and study the faunal collections necessary for the recogni-
tion and use of Thompson’s formations. Consequently the
Pennsylvanian rocks in the Gran Quivira quadrangle are mapped
and described in three units, in ascending order the upper mem-
ber of the Sandia formation and the marine limestone and arkosic
limestone members of the Madera limestone (Plate 3). This
classification, which is readily adaptable to reconnaissance map-
ping, conforms with that used by Read and others (1944) in the
area adjoining the Gran Quivira quadrangle on the north. It is
expected that future detailed stratigraphic studies in this quad-
rangle and adjacent areas will show some of Thompson’s termi-
nology to be applicable in treatment of faunal zones.

The three units just mentioned, together with the overlying
Bursum formation of Wolfcamp age, are placed in the Magda-
lena group by the U. S. Geological Survey. However, there is
considerable opposition to the continued use of the term Magda-
lena, to apply either to rocks of Pennsylvanian age or to rocks of
Pennsylvanian and Wolfcamp ages. Thompson (1942, p. 22)
states that the term Magdalena “seems to be essentially synony-
mous with the systemic term Pennsylvanian,” and does not use
it in his classification of the Pennsylvanian rocks of New Mexico.
R. E. King (1945, p. 21) objects to inclusion of beds of Wolf-
camp age (Hueco formation) in the Magdalena group, and
states “ . . . the unfortunate name Magdalena has become more
deeply entrenched in recent geologic literature published by the
U. S. Geological Survey, in which the Hueco is continued to be
classed as Magdalena. The names Pennsylvanian and Hueco are
fully adequate for designation of those strata, and it is recom-
mended that the term Magdalena, a relic of an antiquated type

16



PENNSYLVANIAN SYSTEM 17

of stratigraphic nomenclature, be permanently abandoned.” On
these grounds—redundancy in stratigraphic nomenclature—the
New Mexico Bureau of Mines and Mineral Resources no longer
uses the term Magdalena.

A section of Pennsylvanian and Permian (?) rocks meas-
ured in Abo Canyon is given below. The Pennsylvanian por-
tion is shown in graphic form on Plate 3, together with a section
measured on Mount Paloma in the central Los Pinos Mountains
a few miles to the southwest.

Section of Pennsylvanian and Permian (?) rocks measured along railroad
in Abo Canyon and in north tributaries to lower part of
canyon, Socorro and Valencia counties, New Mexico

Permian (?) and Permian systems—Wolfcamp and Leonard series:

Abo formation:

79. Sandstone, vred - . __ Not measured

Permian (?) system—Wolfcamp series:

Bursum formation: Feet
78. Redbeds, marly; poorly exposed 15.0

T77. Limestone, light gray, thin- bedded sandy, with
many fossil fragments __ _______ _____ 5.0
76. Covered; probably red and gray mally beds __ 20.0

75. leestone light gray, thin-bedded, sandy, with
many fossil fragments 7.0
74. Shale and sandstone, red _ _ I 60.0
73. Sandstone, red, medium to coarse, ‘arkosic ____ 5.0
72. Shale, olive- -green and red; pomly exposed 14.0

71. Conglomerate, gray and 1'ed, with pebbles of
quartz, chert, and limestone less than 1 inch in
diameter; and sandstone, gray and red, arkosic 3.5
(Total thickness of Bursum formation—129.5 feet)

Pennsylvanian system:
Madera limestone—arkosic limestone member:

70. Limestone, gray, massive _ 12.0
69. Shale, olive-green, silty, with plant fragments 10.0
68. leestone medium to light gray, medium-bed-
ded, with gray chert nodules and Triticites
ventncosus ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 50.0
67. Shale, yellow-gray with red stleaks, in upper
one-third; limestone, gray, massive, in lower

two-thir ds ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 20.0
66. Shale, light red, marly ._______ 5.0
65. leestone, medlum gray, medium- bedded with

partings of shaly limestone; fusulinids = _ __ 28.0
64. Shale, red, becoming gray to yellow-buff above 6.0
63. Shale, olive-green, with gray marly nodules____ 5.0
62. Limestone, gray, nodular, marly; some olive-

green shale _____________ ________ 1.5
61. Shale, olive-green, with gray marly nodules __ 5.0
60. Limestone, medium gray, thin-bedded; weathers

uniformly to yellow-green surface ___________ 1.5
59. Sandstone, olive-green, fine, micaceous, thin-

bedded - 5.0
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58.
57.
55.
54.
53.
52.
51.
50.
49.
48.
41.

45.

44.

43.
42.
41.
40.
39.
38.
31.
36.

35.
34.

33.

32.

31.
30.

SEDIMENTARY ROCKS

Shale and siltstone, light olive-green, with plant
fossils s e
Shale, gray, carbonaceous, fissile ____________
Sandstone, olive-green, massive, fine, micaceous
Shale, gray, silty, grading upward into olive-
green sandy shale and thin-bedded platy sand-
stone
Limestone, medium gray, silty and sandy ____
Shale, red and gray - __ ... ... ...
Shale, olive-green, sandy ___________________
Limestone, medium to light gray, marly, with
gray to buff elay matrix ______
Limestone, medium gray, medium 01ysta111ne,
massive ____
Limestone, gray, thin-bedded, fossiliferous,
interbedded with olive-green calcareous shale
Limestone, medium gray, medium-bedded, finely
crystalline . ___
Sandstone and shale, olive-green to buff_______
Limestone, medium gray, massive _ T
Sandstone and shale, olive-green, with plant
fragments; massive root-bearing sandstone near
top __ - i S e T R T
Shale, olive- gleen sandy, c1umbly, “with plant
fragments _ ______ _ _____ ____ ___________
Limestone, light gray, finely crystalline, massive
Shale, gray; poorly exposed - ______
Sandstone, gray to buff, fine, micaceous ______
Shale, gray; poorly exposed ____ __
Covered - e e S e e e
Limestone, light gray ______ _______________
Shale, olive- -green, silty, c1umbly ,,,,,,,,,,,,,,
Sandstone, olive- -green to buff, medium-grained,
micaceous, massive, cross- bedded ,,,,,,,,,,,,
Covered; plobably ‘shale
Sandstone olive-green to gray, masswe mica-
ceous, medlum -grained; channels the underlymg
sh'lle, poorly exposed _ __ L
Shale, lower part dark glay, ﬁssﬂe ‘with iron-
carbonate bands and nodules seamed with gyp-
sum; upper part dark, carbonaceous, fissile, with
plant fossils of Missouri age .. __
Sandstone, olive-green to buff-gray, fine, mica-
ceous, massive, cross-bedded; channels the
underlying shale .
Shale, gray, fissile, carbonaceous, with a few
plant. LOSSHS cmcwmco s s
Covered. (For details of this zone, see meas-
ured section on pages 22-23.)

(Total thickness of arkosic limestone member—437.5

Madera limestone—marine limestone member:

29.

28.

Limestone, medium to dark gray, moderately
cherty, with some limestone conglomerate;
medium- to thin-bedded at base, medium-bedded
with shale partings in upper 6 feet; makes
ledge; carries Neospirifer and Bellerophon _ __
Mostly covered; apparently shale alternating
with thin-bedded limestone __________________
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26.
25.
24.
23.

22.
21.

20.

19.

18.

17.
16.

15.

14.

13.

12.
11.

10.

PENNSYLVANIAN SYSTEM

Limestone, medium gray, and shale, gray;
fossiliferous; poorly exposed ________________
Limestone, gray, massive, finely crystalline ___
Shale, gray and buff, calcareous __ . _ __ ____
Limestone, dark gray, medium-bedded, finely
crystalline; fossils include Dictyoclostus ______
Limestone, dark gray, medium- to thick-bedded,
fﬁssliliferous, alternating with calcareous gray
shale ___________
Shale, gray to buff; poorly exposed __________
Limestone, medium to dark gray, medium-
bedded, fossiliferous, with some shaly beds in
upper half; forms ledge ________ ___________
Limestone, medium to dark gray, dense, irregu-
larly bedded, fossiliferous, with much yellow-
brown chert as coatings; limestone weathers
blue-gray - oo e
Limestone, medium to dark gray, dense to finely
crystalline, cherty at base and top; carries fos-
sil fragments; in beds up to 3 feet thick ______
Limestone, medium to dark gray with some
light gray beds, finely crystalline, massive at
base and top, moderately cherty; in beds 2
feet thick; weathers to rough fretted surface

Limestone, dark blue-gray, in irregular thin
beds; much yellow chert as coatings __________
Limestone, light and medium gray, cherty and
massive at top and base; weathers to fretted
surface; less resistant than beds above and
below covmmrmne e
Limestone, medium and dark gray, massive,
cherty - ________
Limestone, medium gray, rubbly, with abund-
ant ribbons of yellow-brown chert as coatings;
forms ledge _____
Sandstone, angular, medium to coarse, green
and micaceous at top, gray and calcareous below
Covered; probably gray-green shale __________
Limestone, medium to dark gray with some
light gray beds; in 8- to 10-foot massive beds
separated by medium-bedded zones of same
thickness; weathers rough; moderately cherty,
with some extremely cherty zones and some
chert coatings __ . _____
Sandstone, white to gray at top, yellow-green
toward base; conglomeratic and cross-bedded
in upper part, with slightly weathered feldspar
grains; medium-grained and micaceous in lower
PAYt s eeea e e s e e
Limestone, medium gray; medium-bedded and
extremely crinoidal in upper one-fourth; re-
mainder massive; weathers fretted; slightly
cherty . ___
Sandstone, yellow-gray and buff at top with
granite and quartz pebbles and moderately fresh
feldspars; green and micaceous in lower half,
with pebble zones . __
Limestone, medium and dark gray; massive at
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26.0

17.0

118.0
10.0

95.0

25.0

26.0

14.0

19



20 SEDIMENTARY ROCKS

top, medium-bedded below; partly cherty; car-
ries Fusulinella, at base ____ 65.0

(Total thickness of marine limestone member—665.0 feet)
Sandia formation—upper memb<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>