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PREFACE

The Baca Canyon thesis topic was selected because the student 

desired a problem involving stratigraphy, structure and uranium geology. 

The sediments of the Baca Formation had not been adequately described, 

and their detailed description required unravelling the complex struc

ture within Baca Canyon. The thesis presents a reasonably detailed 

stratigraphic analysis of the Baca Formation as exposed in Baca Canyon 

and a local three-fold division of the formation. Several Baca Canyon 

uranium occurrences are described and a possible origin for these 

occurrences is suggested.

A special thanks is due to Drs. Robert H. Weber and Max E. 

Willard of the New Mexico Bureau of Mines and Mineral Resources for 

their comments and field assistance, to Dr. Frank E. Kottlowski also 

of the Bureau and Charles B. Read of the U. S. Geological Survey for 

their rock and fossil identifications, and to Dr. Vincent C. Kelly of 

the University of New Mexico Geology Department for his ideas on and 

field assistance in evaluating the early Tertiary rocks of New Mexico. 

Of considerable value in the final stages of this effort has been a 

careful and critical review of the manuscript•by Walter R. Ashwill 

and John E. Motica of Ranchers Exploration and Development Corporation, 

Albuquerque, New Mexico, and Drs. John W. Anthony, Robert F. Wilson, 

and Donald L. Bryant of the University of Arizona Geology Department.

iii



TABLE OF CONTENTS

LIST OF ILLUSTRATIONS............................................  vi

ABSTRACT..............    vii

INTRODUCTION .....................................................  1

Location and Physiography........................    1
Previous Work............................................... . 2

STRATIGRAPHY............................   6

Late Cretaceous Crevasse Canyon Formation
Thickness and Exposures............
Lithology.......... ................
paleogeography ........  . ........
Correlation and Age. . . ............... .. ............. . 10

Eocene (?) Baca Formation................................   10
History of the Term B a c a ......................    11
Exposures. . . . . . . . . . .  ........................... 11
Thickness.....................................   12
Contacts...................................   12

Lower Contact........ ................................  12
Upper Contact................ ........................  13

Informal Units and Lithology .........  . . . . . . . . . .  13
Lower Red Unit .........................   13
Middle Sandstone Unit..........   16
Upper Red U n i t ........ ........................ .. . . 18

Paleogeography ..................... . ........  . . . . .  18
Location of Source Area....................    18
Exposures in Source A r e a ..........     . 19
Sedimentation............................   19

Correlation................................   20
Age. . .....................    . 22

Late Eocene-Oligocene Datil Formation............  24
Spears Member.............   ......................... .. . 24

Thickness and Exposures............................   24
Lithology................       24

Hells Mesa Member..............    25
Thickness and Exposures............................     25
Lithology..........     25

Paleogeography ............  . . . . . . . . . . . . . . .  25
Correlation. ...................   26
Age........................     26

Page

iv

vO vO vO ON



V
TABLE OF CONTENTS--Continued

Miocene (?) La Jara Peak Basalt......... .. ............... .. 27
Thickness and Exposures. . . . . . . . . . . . .  ........  27
Lithology............................................... . 27
Age and Correlation....................................... 27

Miocene (?) Intrusive Rocks. ................    28
Quaternary Gravel Deposits .. ........  . ........  . . . . .  29
Recent Alluvium, .......................................   30

STRUCTURE....................   31

laramide (?) Orogeny....................    31
Late Tertiary Orogeny..............     32
Other Features . . . . . . . . .  ........    33

ECONOMIC GEOLOGY . ...............................   34

Uranium............   34
Baca Canyon Occurrences..............    34
Baca Formation Uranium Occurrences Outside the

Mapped Area. .................     37
Suggested Ore Genesis. . . . . . . .  ..................... 37
Ore Guides and Exploration...............................  39

C o a l .......................................................... 39

APPENDIX: STRATIGRAPHIC SECTIONS.................................  42

Winchester Section ............    42
Section 1........................    44
Section 2..........    46

Page

LIST OF REFERENCES 51



LIST OF ILLUSTRATIONS

1. Map Showing Location of and Access to Baca Canyon. . . . . .  3

2. Map of West-Central New Mexico Showing Some Geology 
and Physiography and the Areas Included in Studies
Referred to in Text.........................................  5

3. Geologic Map and Cross Sections of Baca Canyon,
Socorro County, New Mexico ........................... In Pocket

4. Sandstone "Cigars" in Crevasse Canyon Sandstone............  8

5. Concretions from Upper part of Crevasse Canyon Formation . . 8

6. Stratigraphic Sections in Baca Canyon, Socorro County,
New Mexico....................................... . . I n  Pocket

7. Sandy Limestone Bed in Lower Red Unit of Baca
Formation.................     17

8. Gypsum Veinlets in Upper Red Unit of Baca Formation. . . . .  17

9. Paleogeographic Map of New Mexico During Early
Tertiary Time. ................................................ 23

10. Uraniferous Carbonaceous Trash in Middle Sandstone .
Unit of Baca Formation .......................  35

11. Uraniferous Carbonaceous Trash in Lower Red Unit of
Baca Formation . . . . . .  .................................  35

12. Map Showing Location of Known Uranium Occurrences
in the Baca Formation..............   38

13. Map Showing Location of Datil Mountain Coal Field. . . . . .  40

Figure Page

vi



ABSTRACT

The Baca Formation of Eocene (?) age was studied at its type 

locality which is Baca Canyon in northwestern Socorro County, New 

Mexico. The formation at its type locality is disconformably underlain 

by sandstone, shale, and low rank coal beds of the Crevasse Canyon 

Formation of Late Cretaceous age and is conformably overlain by volcanic 

rocks of the Datil Formation of Late Eocene and Oligocene age. The 

Baca Formation is about 695 feet thick and consists of fluvial channel 

sandstone and conglomerate beds intercalated with red mudstone. The 

formation is here subdivided into three informal units which are 

mappable within Baca Canyon but do not extend far beyond the area.

The probable source area for the Baca Formation at Baca Canyon is the 

Laramide (?) Lucero Uplift, which is located just north of Baca Canyon.

The regional dip in the vicinity of Baca Canyon is to the 

southwest, but this dip is nearly obscured by north-south striking 

normal faulting which is the dominant structural feature of the area. 

Fault displacements range to as much as 1300 feet.

Although Baca Canyon contains no known economic mineral or fuel 

deposits, the Baca Formation contains several small uranium occurrences 

which are associated with carbonaceous material in sandstone beds.
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INTRODUCTION
The purpose of this study was to define the character and 

depositions! environment of the Baca Formation of Eocene (?) age 

and to describe the uranium occurrences and uranium potential of 

the formation at its type locality. The outcrop of the Baca Forma

tion at its type locality was studied, measured, and mapped in suf

ficient detail to allow reasonable stratigraphic control within the 

formation. Stratigraphic sections of the Baca Formation were then 

prepared. Other sedimentary formations and the igneous dikes and 

sills in the area were not studied in detail.

The geology of the area was mapped on U. S. Forest Service 

aerial photographs enlarged to approximately 1" = 400'. Stereo

pairs were used in conjunction with the enlarged photographs. The 

geology was then transferred to a base map that had been photograph

ically prepared from U. S. Geological Survey topographic maps of the 

Riley and Mesa Cencerro quadrangles. The final map was traced from 

the base map. The stratigraphic sections were measured using a 

Brunton pocket transit on a Jacobs staff as outlined by Kottlowski 

(1965).

Location and Physiography

The area of study includes all of the contiguous outcrop of 

the Baca Formation at its type locality. It lies within the Cibola 

National Forest and is centered in the upper part of Baca Canyon on
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the east flank of the Bear Mountains. The area contains about seven

square miles and is located in the northern part of T. IN., R. 4 W. 

and in the extreme southwest part of T. 2 N., R. 4 W., New Mexico 

Principal Meridian. Baca Canyon can be reached from Socorro, New 

Mexico, by travelling 25 miles west to Magdalena on U. S. Highway 60 

thence 18 miles north on the Riley Road (Fig. 1).

The relief in the area is about 900 feet. The elevation 

ranges from 5700 feet in Baca Canyon along the northeastern edge of 

the area to 6600 feet at the base of the Bear Mountains in the west

ern part of the area. The highest peaks of the Bear Mountains are 
located immediately west of the area and have an elevation of about 

8200 feet. The Rio Salado, which drains the entire area, is located 

several miles to the north at an elevation of about 5350 feet.

Physiographically, Baca Canyon is located along the border 

between the Datil section of the Colorado Plateaus province and the 

Mexican Highlands section of the Basin and Range province (Fenneman, 

1931). The surrounding area has some characteristics of each of the 

two provinces.

Previous Work

D. E. Winchester led a party in 1913 and 1914 that mapped 

the post-Paleozoic rocks in west-central New Mexico. Later, some 

of the results of this work were published as a U. S. Geological 

Survey Bulletin which contained the first geologic map of west- 

central New Mexico and proposed the name Datil Formation for the 

Tertiary rocks of west-central New Mexico (Winchester, 1920).
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Kelley and Wood (1946) published their map and report on the 

Lucero uplift, which is located just north of the Bear Mountains 

(Fig. 2). Many of the structures outlined by Kelley and Wood appear 

to continue into the northern Bear Mountains,

Wilpolt and others (1946) mapped the Joyita Hills-Los Pinos 

Mountains-Northern Chupadera Mesa area on the east side of the Rio 

Grande, about 20 miles east of Baca Canyon and the Bear Mountains.

The Baca Formation was defined in this report to be the lower sedi

mentary part of Winchester's (1920) Datil Formation.

William H. Tonking (1957) mapped the Puertecito 151 Quad
rangle (Fig. 2) and did a petrographic and chemical study of the 

Datil volcanic rocks. His reconnaissance mapping covered the west

ern two-thirds of the area covered in detail in this report.

Max E. Willard (1959) summarised the geologic work covering 

west-central New Mexico completed under the sponsorship of the New 

• Mexico Bureau of Mines and Mineral Resources and described the Ter

tiary rocks of the region. He also pointed out several inadequacies 

in the Baca Formation type locality of Wilpolt and others (1946). 

Willard stated, "No measured section or description of the sediments 

in Baca Canyon has been recorded. Certainly this will have to be 

done before Baca can be considered an acceptable stratigraphic name.11 

This report is intended to provide the needed description of the 

Baca Canyon rocks.
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STRATIGRAPHY
Upper Cretaceous through Recent rocks are exposed in upper 

Baca Canyon. The Crevasse Canyon Formation of the Mesa Verde Group 

was deposited during Late Cretaceous time. Tertiary rocks include 

the Baca and Datil Formations, the La Jara Peak basalt, and some 

igneous intrusive rocks. Pediment and terrace gravels were de

posited during Quaternary time, and some alluvial deposition has 

occurred during Recent time. Only the Baca Formation was studied 

in detail.

Late Cretaceous 

Crevasse Canyon Formation

The Crevasse Canyon Formation of the Mesa Verde Group of 

Late Cretaceous age is the oldest formation exposed in the area.

Thickness and Exposures

Tonking (1957) measured 1,052 feet of non-marine and lit

toral sediments northwest of the Bear Mountains which he included 

in the Crevasse Canyon Formation. Only the upper few hundred feet 

of the formation are exposed in the thesis area. The formation is 

exposed along the north and east sides of the area and also in a 

horst located in the SE 1/4 of sec. 10, T. IN., R. 4 W. (Fig. 3).

Lithology

The Crevasse Canyon Formation consists of moderately well 

sorted sandstone, siltstone, and shale, and a few thin coal beds. The
6



proportion of sandstone to siltstone and shale is about one to one. 

Coal represents a very small part of the formation.

The sandstones are fine- to coarse-grained and range from 

white to buff, light brown, or olive green. They are generally 

darker on weathered surfaces than on fresh surfaces. Limonite 

stains are common in many of the sandstones. The sandstones are 

largely quartzose and contain few dark minerals. They are generally 

moderately well cemented with silica and contain some interstitial 
clay.

The Crevasse Canyon sandstone units are thin-bedded to 

massive. The thinner beds are commonly platy, whereas thicker beds 

are typically massive; some are cross-bedded. They arc lenticular 

and range in thickness up to about 70 feet. Thick sandstone beds 

generally contain shale or siltstone splits. The sandstone beds 

intertongue with shales and siltstones, and contacts are gradational 

to sharp.

Resistant, somewhat flattened, cigar-shaped sandstone fea

tures that are dark-colored oh weathered surfaces are found within 

thick Crevasse Canyon sandstone beds in several places (Fig. 4). 

These sandstone "cigars" are commonly about two feet in diameter and 

are as long as 70 feet. Within a given stratigraphic horizon, they 

are roughly parallel, but the strike of these features varies from 
bed to bed.

The Crevasse Canyon shales and siltstones are fissile and 

friable and erode easily to form valleys and slopes that are capped
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Fig. 4. Sandstone "Cigars" in Crevasse Canyon Sandstone

Fig. 5. Concretions from Upper Part of Crevasse Canyon 
Formation



with sandstone. They range from black to olive green, gray, or 

light yellowish-brown.

The shales and siltstones of the upper part of the forma

tion contain many odd-shaped hematite concretions (Fig. 5). Many 

concretions contain voids, some of which are partially filled with 

calcite.

In Baca Canyon the formation contains several coal seams. 

The seams range in thickness from a few inches to as much as two . 

feet and appear to range in grade from carbonaceous shale to bitu

minous coal.

Paleogeography

During Late Cretaceous time, the Crevasse Canyon Formation 

was deposited in littoral and paludal environments. The formation 

was deposited as the Cretaceous sea retreated northeastward from 

west-central New Mexico for the last time (Tonking, 1957). The 

Upper Mancos basin of marine deposition lay to the north in the 

ancestoral San Juan Basin (Pike, 1947). Sandstones were formed as 

stream channel, beach, and bar deposits, and shales were deposited 

in the paludal and lagoonal areas. Coals also accumulated in palu

dal areas. The presence of coal and the lack of coarse sediments 

indicate that the area was stable and had low relief during Late
Cretaceous time.
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Correlation and Age

The Crevasse Canyon Formation was named by Allen and Balk 

(1954) from exposures on the west side of the San Juan Basin, By 

definition, it is equivalent to the Dilco and Gibson Coal Members 

of the Mesa Verde Formation and occupies the stratigraphic interval 

between the Gallup and Point Lookout Formations, Pike (1947) traced 

the Dilco and Gibson Coal Members of the formation in the San Juan 

Basin into the Rio Salado drainage area, and Tonking (1957) used the 

term Crevasse Canyon for the first time in the Rio Salado drainage 

area. The term Crevasse Canyon has subsequently been used by Givens 

(1957), Dane, Wanek, and Rceside (1957), Gadway (1959), Foster (1964), 

and Dane and Bachman (1965).

Floral remains collected from the Crevasse Canyon Formation 

by Winchester (1920) and identified by Knowlton indicate a Montanan 

age. Invertebrates collected by Gardner (1908) were dated as 

Montanan by T. W, Stanton, Gardner tentatively dated the formation 

as either upper Coloradan or lower Montanan.

Eocene (?)

Baca Formation

The Baca Formation represents the first Tertiary sedimenta

tion in the northern Bear Mountains. It overlies the Crevasse Canyon 

Formation and is overlain by volcanic rocks of the Datil Formation.
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History of the Term Baca

Winchester (1920) named the Tertiary rocks of west-central 

New Mexico the Datil Formation. His type section was measured in 

the northern Bear Mountains and contained 1824.5 feet of tuffs, 

rhyolites, andesites, sandstones, and conglomerates. Wilpolt and 

others (1946) defined the Baca Formation as the lower 694 feet of 

Winchester's Datil Formation type section. They stated that the 

formation was named for Baca Canyon and that the type section was 

located in secs. 4, 5, 8 and 9, T. 1 N., R. 4 U.

Kelley and Silver (1952), Tonking (1957), Givens (1957) and 

Willard (1959) have previously pointed out several inadequacies in 

the definition of the Baca Formation. First, the thicknesses of 

the units intended to be included in the Baca Formation, added cor

rectly, should total 684.5 feet, not 694 feet. Second, although Baca 

Canyon was perhaps a good location for Winchester's type section of 

the Datil Formation, the lower part of the section which Wilpolt and 

others (1946) separated and called Baca contained 365 feet of cover. 

This is more than half of the total thickness of the formation they 

named. Third, the Baca type section of Wilpolt and others is out

side of the Joyita Hills which they mapped, and the lithology they 

published for the Baca Formation was for the sediments they mapped 

in the Joyita Hills and not for the sediments at the type locality.

Exposures

The Baca Formation crops out over much of the studied area 

(Fig. 3). Pediment and terrace gravels and alluvium do, however.
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cover the formation in many places. This cover plus abundant fault

ing, numerous intrusives, and the lenticular nature of the sediments 

make accurate stratigraphic measurements of the Baca Formation 

impossible.

Thickness

Winchester's. (1920) stratigraphic section is the only pub

lished section in Baca Canyon (See Appendix and Fig. 6). His sec

tion includes 684.5 feet of what is presently termed Baca Formation.

Of this 684.5 feet, 365 feet were recorded as "cover" or "not exposed."

Stratigraphic measurements made during the present study in

dicate an approximate 695-foot thickness for the Baca Formation (See 

Appendix and Fig. 6). Although these measurements include little 

cover, they are discontinuous and require correlation. Details of 

this correlation are included as notes in the stratigraphic sections 

in the Appendix. •

Contacts

Lower Contact. The lower contact of the Baca Formation at 

its type locality is generally not well exposed. Where visible, it 

is an erosional unconformity on the Crevasse Canyon Formation of 

very little relief and of only slight, if any, angular discordance.

In places it may be conformable. Outside of Baca Canyon this con

tact is reported to range from essentially conformable to unconform- 

able (Tonking, 1957, and Willard, 1959).
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Upper Contact. The contact between the Baca and Datil Form

ations is gradational and was mapped at the base of the first visible 

volcanic material. The latite in the lower part of the Datil Forma

tion contains successively more reddish mudstone towards its base. 

Tonking (1957) reported that in part of the Puertecito Quadrangle 

the Datil "disconformably overlies the Baca Formation with local 

angularity," but Willard (1959) noted that regionally the contact 

is primarily gradational.

Informal Units and Lithology

The Baca Formation is here subdivided into three informal 

units that are mappable within the thesis area. These units should 

not be correlated with similar-appearing units in other areas with

out a considerable amount of additional field work. In fact, judging 

from the general lenticular nature of the Baca Formation, it is 

unlikely that these units extend far beyond the mapped area. In 

ascending order, these units are a lower red unit, a middle sand

stone unit, and an upper red unit. A local limestone bed in the 

lower unit has also been mapped.

Lower Red Unit. The lower red unit is about 230 feet thick 

and consists of dark grayish-red and purplish-gray sandy mudstone, 

white to pale yellow or light red fine- to medium-grained sandstone, 

white to red conglomeratic sandstone, and one bed of white to light 

blue-gray sandy limestone (See Appendix and Fig. 6). Mudstone and 

fine- to medium-grained sandstones predominate but are poorly
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consolidated and form valleys and slopes capped with white, fairly 

well consolidated conglomeratic sandstone.

The sandy mudstone and fine- to medium-grained sandstone of 

this unit are generally poorly sorted. Quartz, feldspar, and musco

vite are visible in many hand specimens. Muscovite is visible in 

most of the mudstones. A few beds contain grayish-yellow clay and 

sand that resemble the local Cretaceous rocks. The bedding of the 

mudstones and sandstones ranges from platy to massive. Many of the 

sandstones contain galls and splits of red or light greenish-gray 

mudstone.

Carbonaceous trash has been identified along the contacts 

between fine-grained, light gray sandstones and gray to greenish- 

gray mudstones. The carbonaceous material is not common and has a 

maximum dimension of only several inches.

The conglomeratic sandstones are lenticular and range in 

thickness to about 40 feet. Many can be traced for hundreds of 

feet along the outcrop but some are extremely local and extend less 

than 10 feet along the strike of the formation. Some beds consist 

of reddish sandstone, but most are white sandstone. The reddish 

conglomeratic sandstone beds are generally more friable than the 

white beds, and they commonly break down into lag gravels (Willard, 

1959) that have been used to trace them through poorly exposed areas. 

In both types, the sandstone consists mostly of angular to sub- 

angular quartz and feldspar. Sub-rounded to well-rounded gravel and

i



boulders with diameters as large as 20 inches are abundant within 

conglomeratic lenses in both types.

The gravels and boulders consist of Precambrian granite, 

milky quartz, feldspar, pegmatite, and quartzite; Pennsylvanian and 

Permian sandstone and limestone (some containing Triticites (?), 

Wedekindellina (?), crinoids, ostracods, spirifers, and horn corals); 

and Triassic and Cretaceous sandstone, jasper, and concretions.

Granite and granitic minerals are dominant, especially in the lowest 

conglomeratic sandstone in the northwestern part of the area. Lime

stone boulders appear to be most numerous in the upper conglomeratic 

sandstones. Quartzite gravel and boulders are abundant in all con

glomerates. Several of the conglomerate beds contain concretions 

which are identical to those in the upper part of the Crevasse Canyon 
Formation. The petrified wood in the conglomeratic sandstones rarely 

exceeds 8 inches in maximum dimension. The wood is dark and has 

rounded edges.

Winchester (1920) reported finding obsidian in the lower part 

of what is now the Baca Formation; none was found during the current 

field studies. In fact, no coarse volcanic material was identified 

in the Baca Formation at its type locality. However, benzidine tests 

made by Willard (1959) on the upper part of the Baca at its type 

locality suggested the presence of montmorillonite, and benzidine tests 

made by Max E. Willard and the writer suggest the presence of mont

morillonite (altered volcanic ash) throughout the Baca.

The sandy limestone bed which occurs in the lower red unit

15
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is very local and has been found in only a few places (Fig. 3). The 

bed ranges in thickness from 3 feet to about 10 feet and is unfossil- 

iferous. It contains three zones: a lower zone that grades from

gravelly sandstone at its base upward into nodular and platy lime

stone; a middle zone which is massive sandy limestone, and an upper 

zone which grades upward from platy and nodular limestone into sandy 

mudstone at its top (Fig. 7).

Middle Sandstone Unit. The lower red unit is conformably 

overlain by the middle sandstone unit. This unit is about 225 feet 

thick and consists of sub-angular to sub-rounded, fine- to very 

coarse-grained, yellowish- to greenish-gray and gray sandstone and 

gray to grayish-green mudstone splits and galls. The middle sand

stone unit is friable and generally has a matrix of montmorillonitic 

and limonitic clay. This unit contains a few gravelly conglomerate 

beds but generally does not contain large boulders like those in the 

lower red unit. Limestone nodules are present in several horizons 

within the unit. Red mudstone is uncommon.

The middle sandstone unit contains an abundance of fossil 

wood. This wood is different than that which occurs in the conglomer

atic sandstones of the lower unit. Much of the wood is preserved 

as silicified logs which are commonly light in color and show very 

little transportation. They have sharp edges and have diameters of 

as much as a couple of feet and lengths of as much as 10 feet. In 

places the wood is carbonaceous rather than siliceous. Commonly the 

smaller pieces of wood are silicified in the center and are carbon

aceous on the outside. Limonite staining, although present throughout
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most of the unit, is almost always associated with the fossilized 

wood.

Upper Red Unit. The middle sandstone unit is conformably 

overlain by and in places interfingers with the upper red unit which 

is about 240 feet thick. This upper unit is very much like the lower 

red unit, except that it contains no conglomerate.

One of the mudstone beds in this unit is conspicuous in that 

it contains abundant veinlets of gypsum (Fig. 8). The veinlets 

attain a maximum thickness of about an inch and have formed along 

fracture and bedding planes.

Paleogcography

The Baca Formation was deposited in an environment completely 

different from that which existed during Crevasse Canyon time. The 

Baca was formed during a period of significant uplift and erosion.

The formation marks the earliest phase of Cenozoic orogeny in west- 
central New Mexico.

Location of Source Area. The presence of large boulders in 

the Baca conglomerates and the angular to sub-angular sandstone grains 

of the Baca indicate a nearby source area. Some of the constituents 

of the Baca were probably transported no more than a few miles. Most 

of the sediments, however, probably were derived from the Lucero Up

lift (Kelley and Wood, 1946; and Jicha, 1958) with possible contribu

tions from the 2uni uplift. These positive areas were located to the 

north of the Bear Mountains. A source area to the south is also 

possible, as Mesozoic and Paleozoic strata are missing there.
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Exposures In Source Area. Precambrian through Cretaceous 

rocks were exposed in the source areas from which the Baca was de

rived. The type of rocks exposed during Baca time greatly affected 

the lithology of the Baca. The presence of abundant granite, pegma

tite, quartz, and feldspar in the lower Baca indicates that Pre

cambrian granitic rocks were exposed during early Baca time. Pre

cambrian quartzites arc also prevalent in Baca conglomerates. These 

quartzite pebbles are, however, well rounded, suggesting that they 

are second-generation sediments (Pettijohn, 1957). Givens (1957) has 

also found well-rounded quartzite in the Baca. He believes that much 

of this quartzite is from the Chinle Formation. This seems probable.

The red mudstone and sandstone of the Baca are also thought to have been 

derived in large part from a Chinle source. The fossiliferous lime

stone boulders in the Baca are definitely Paleozoic in origin. A 

Cretaceous source for part of the Baca is indicated by grayish-yellow, 

Cretaceous-looking clay and sand in the lower Baca and by the presence 

of Crevasse Canyon concretions in the lower Baca conglomerates. The 

presence of montmorillonite in Baca sediments suggests that volcanism 

may have occurred during Baca time.

Sedimentation. Competent streams deposited the sandstones 

and conglomerates which constitute much of the lower part of the Baca 

Formation. The middle sandstone unit was probably deposited during 

aggradation of a major stream or river, as the size and lithology of 

this unit are similar to that of the sediments of the Rio Grande which 

are being deposited today in central New Mexico. The primary silici- 

fied wood and the carbonaceous crash in the Baca indicates the
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presence of large trees growing along Baca streams or within the Baca 

source area. The mudstone and fine sandstone were probably deposited 

on mud flats adjacent to Baca streams.

The fresh water limestone bed in the lower Baca was probably 

deposited as caliche. Its form is similar to that described for 

Quaternary caliche deposits in southern New Mexico (Gile, 1961; Gile, 

Peterson and Grossman, 1965; and Gile, Peterson, and Grossman, 1966). 

It is possible that the limestone nodules in the middle sandstone 

unit were also formed as caliche deposits. If the caliche interpre

tation of the limestone bed and nodules is correct, the Baca was 

deposited under alkaline (Pettijohn, 1957) and semi-arid conditions.

Correlation

The Baca Formation has been extended to the cast and south

east of its type locality into the Joyita Hills area by Wilpolt and 

others (1946) and into the Carthage area by Wilpolt and Wanek (1951). 

The formation has been traced to the west from its type locality 

along a more or less continuous outcrop belt by Tonking (1957),

Givens (1957), Willard (1957), Willard and Givens (1958), Willard 

and Weber (1958), and by Foster (1964). The areas where the Baca 

Formation is exposed are shown on Figure 2.

Any Baca that may have existed to the north of its outcrop 

belt has been removed by erosion as Cretaceous and older rocks are 

exposed there. If the Baca ever existed to the south, it was re

moved by pre-Datil erosion, because the Baca Formation is absent 

where pre-Datil rocks are exposed in the Magdalena District (Loughlin
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and Koschmann, 1942) and in the north half of the PcIona Quadrangle 

(Stearns, 1962). In the Reserve Quadrangle (Weber and Willard, 1959) 

pre-Datil rocks are not recognized in normal section, but the Baca 

Formation does not crop out.

This writer has studied the Galisteo (Stearns, 1943; and 

Harrison, 1949), McRae (Kelley and Silver, 1952), Cub Mountain (Bodine, 
1956; and Weber, 1964), Ojo Alamo, Nacimiento and San Jose (Baltz,

1967) Formations in the field and has observed a number of differences 

and similarities between these late Cretaceous-early Tertiary forma

tions and the Baca Formation. The similarity between the Baca at its 

type locality and the Galisteo Formation near Hagan is particularly 

striking. Tonking (1957) has gone into some detail concerning cor

relations between the Baca Formation and other early Tertiary forma

tions in New Mexico (See Fig. 9). This writer concurs with Tonking's 

(1957, p. 25 and 26) conclusions regarding the correlation of these 

formations:

The writer contends that the Baca, McRae, Raton, and Galis
teo formations represent genetically related, although isolated, 
deposits. Lithologic and thickness variations are primarily 
due to differences of provenance and depositional environment. 
Variation in factors such as the depth and size of the basin, 
climate, drainage within the basin, rate of subsidence versus 
rate of uplift, transporting power of streams, type of material 
being shed by the source area, distance between basin and source, 
etc., produced local differences in the total aspect of the 
deposit. It is reasonable to expect that these deposits may 
be of different ages in different basins. If the basins were 
formed contemporaneously, the chance would be slight that 
they all trapped detritus at the same time and at the same 
rate. Because some basins were formed and filled before others, 
varied relationships with underlying strata would be expected.

Because these different combinations of controlling factors 
will yield diverse deposits within a similar tectonic framework.



beds of late Cretaceous ago may occur in a basin that is 
only a few tens of miles from a basin containing litholog
ically similar deposits of Paleocene or Eocene age. Con
versely, two isolated basins may contain beds of an iden
tical age that were derived from totally different rock types 
and thus may be lithologically dissimilar. The names assigned 
to these beds are not important if one recognizes the complex
ities inherent in these isolated intermontane basin deposits, 
which are, nevertheless, genetically related to a general 
tectonic framework. Local names for these deposits probably 
will lead to less confusion.

Age

Gardner (1908) collected a mammal tooth from near the base of 

the Baca in the Carthage area, which was identified by J. W. Gidley 

as Palaeosyops probably of Bridger (middle Eocene) age. The Eocene 

age of the Baca Formation at its type locality is substantiated be

cause it grades upward into the Spears Member of the Datil Formation, 

and the Spears Member has been dated at 37.1 million years, or upper 

Eocene-Oligocenc, by Burke et al. (1963), The basal part of the for

mation at its type locality may be pre-Eocene.

The difference in the nature of the upper and lower contacts 

of the Baca Formation at different localities (Wilpolt, et al. 1946; 

Tonking, 1957; Givens, 1957; and Willard, 1959) and the presence of 

Baca-like sediments in various parts of the Datil Formation lead to 

the conclusion that the Baca Formation may not be exactly the same 

age in all areas. The term Baca is probably most useful if it is 

restricted to the essentially non-voIcanic, continental sediments 

which occur between the Point Lookout, Crevasse Canyon, and older 

formations and the Datil Formation. Thus, the Baca could range in 

age from late Cretaceous to Eocene. Baca-like sediments occurring
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within the Datil Formation probably should not be called Baca; they 

should only be recognized as a sedimentary facies of the Datil.

Late Eocene - Oligocene 

Datil Formation

The volcanic rocks of the Datil Formation constitute much of 

the northern Bear Mountains. The Spears Member of the Datil grades 

into the Baca Formation along most of the western margin of the area, 

and the Spears and Hells Mesa Members of the Datil are in fault con

tact with the Baca Formation in the northwestern part of the area 

(Fig. 3).

Spears Member

Thickness and Exposures. Tonking (1957) measured 1,340 feet 

of volcanic sediments and tuff in secs. 8, 9, 16, and 17, T. IN.,

R. 4 W., which he included in the Spears Member of the Datil Forma

tion. The lower several hundred feet of the Spears is generally well 

exposed along the northeast slopes of the Bear Mountains, within the 

western part of the thesis area.

Lithology. The Spears Member consists of a monotonous sequence 

of grayish-purple to reddish-brown quartz latite tuffs, tuff breccias, 

agglomerates, flow breccias, and volcanic sediments. Red beds of Baca 

lithology are also common. The grain size of the Spears volcanic 

sediments and tuffs ranges from clay-size to as much as about two feet 

in diameter. Microscope work by Tonking (1957) has indicated that the 

wide variety of Spears sediments and tuffs has a rather constant
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latitic composition and that most specimens contain plagioclase 

(largely oligoclase), sanidine, and hornblende crystals in a sili

ceous cryptocrystalline groundmass. Quartz, biotite, magnetite, and 

apatite occur subordinate!/ in most specimens, and hematite is pres

ent in the reddish rocks.

Hells Mesa Member

Thickness and Exposures, The Hells Mesa Member of the Datil 

Formation unconformably overlies the Spears Member in the northern 

Bear Mountains. Tonking (1957) measured 289 feet of Hells Mesa in 

sec. 31, T. 2 N., R. 4 U., but very little of this member crops out 

within the area of this study.

Lithology. The Hells Mesa Member consists of tuffaceous rhyo

litic material which is very light gray to white at the top of the mem

ber and pink at the bottom. Copper-colored biotite is conspicuous 

within much of the member. Microscopically, Tonking (1957) found that 

the rhyolite of this member consists of sanidine, quartz, and plagio

clase crystals in a glassy to cryptocrystalline, partly devitrified 

groundmass. Varietal and accessory minerals include hornblende, bio

tite, apatite, and magnetite.

Paleogeography

The Datil Formation is largely the result of Tertiary volcan- 

ism. The Spears Member consists mostly of water-laid volcanic 

material. Some of the Spears Member represents volcanic flows, and 

some of the finer material is perhaps eolian. The Hells Mesa Member
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is mostly welded tuff. The gradational Baca-Spears contact and the 

presence of Baca-like essentially non-volcanic sediments in the Datil 

indicate that non-volcanic sedimentation occurred throughout Datil 
time.

Correlation

The type localities for the Spears and Hells Mesa Members of 

the Datil are both in the northern Bear Mountains (Tonking, 1957). 

These members have been correlated to the west into the Dog Springs 

Quadrangle by Givens (1957). Willard (1959) has found that on a 

regional scale the Datil consists of andesitic, rhyolitic, and la- 

tit ic facies. He states that the rhyolitic facies has been named the 

Hells Mesa Member and that the latitic facies has been named the 

Spears Member within the Dog Springs and Puertecito quadrangles.

Age

The Spears and Hells Mesa Members of the Datil Formation have 

been age-dated by several workers (Burke, et al. 1963; and Weber and 

Bassett, 1963) and these dates are all Upper Eocene and Oligocene ac

cording to Kulp's (1961) geologic time scale. As pointed out by Weber 

and Bassett (1963), this age range falls within that postulated using 

local stratigraphic relationships and extrapolations from limited 

paleontological dating outside of west-central New Mexico.
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Miocene (?)

La Jara Peak Basalt

Thickness and Exposures

Tonking (1957) measured 1,205 feet of La Jara Peak basalt and 

basaltic andesite that cap the Bear Mountains to the west of the area 

of the present study. Very little La Jara Peak basalt is exposed 

within the studied area.

Lithology

The La Jara Peak consists of numerous flows of basalt and por- 

phyritic basaltic andesite. Tonking (1957) has observed as many as 

18 flow units, each with its own "oxidized and vesicular flow-unit 

top.11 He has also found several sandstone and conglomerate beds of 

Santa Fe Group lithology (Denny, 1940a, 1940b; Wright, 1946; and 

Stearns, 1953) intercalated with the upper most flows. These sedi

mentary beds are not exposed within the mapped area.

Plagioclase, clinopyroxene, iddingsite, olivine, and hematite 

are the major minerals which compose the La Jara Peak, according to 

Tonking (1957). He reported that small amounts of oxyhornblcnde, 

apatite, and magnetite are also present and that serpentine, hydrous 

mica, and chlorite occur as alteration minerals. Seventy to ninety 

percent of these rocks is groundmass.

Age and Correlation

Tonking (1957) named the basalt which caps the Bear Mountains 

the La Jara Peak Member of the Datil Formation. Willard (1959) cor

related the La Jara Peak basalt with the Mangas Basalt to the southwest



(Fig. 2) and noted that the contact between the basaltic rocks and the 

underlying Datil Formation was not conformable as it appeared in the 

Bear Mountains, but that it was a regional unconformity of consider

able relief. The La Jara peak basalt is, therefore, no longer con-
X

sidered a part of the Datil Formation (Willard, 1959).

Age-dating done since Tonking’s and Willard's publications, 

and local stratigraphic relationships indicate a possible Miocene age 

for the La Jara Peak basalt. Tonking (1957) pointed out that the 

upper part of the La Jara Peak basalt is intercalated with beds of 

Santa Fe lithology and that the Santa Fe is considered by most geol

ogists to be late Miocene and younger. Age-dating by Weber and Bassett 

(1963) has shown that the lower part of the Hells Mesa in the Bear 

Mountains is of Oligocene age. Hence, a post-Oligocene, pre-late 

Miocene, or possible Miocene age is indicated. It is recognized that 

the Santa Fe may be younger in the Bear Mountains, and that if it is, 

the La jara Peak may be younger than Miocene (?).

Miocene (?)

Intrusive Rocks

Aphanitic to aphanophyric basalts which range from olive to 

dark-gray occur as dikes, sills and plugs which form ridges and peaks 

above the valleys floored by the weaker sediments of the Crevasse 

Canyon and Baca Formations. Most of the dikes strike from N. 20° W. 

to N. 20° E. The dikes have baked and indurated the sediments they 

penetrated. Country rock inclusions within the dikes are numerous and 

range in size up to slabs over 20 feet long and 1.5 feet thick. The

28



29
dikes and sills are jointed, especially perpendicular to their walls, 

and this jointing and their deeply weathered nature produces spheroidal 

forms.

Tonking (1957) has found that these basalts are composed of 

about seventy percent plagioclase and that the remainder consists of 

pyroxene, hornblende, altered olivine, augite, biotite, iron oxide, 

chlorite, and calcite. Many of the dike-forming basalts effervesce 
in cold, dilute hydrochloric acid.

Tonking (1957) has concluded that the dikes, sills, and plugs 

were intruded near the end of the La Jara Peak time or during the 

Miocene (?) Epoch.

Quaternary 

Gravel Deposits

More than twenty feet of unconsolidated gravel covers a broad 

pediment surface that dips gently away from the Bear Mountains and 

into the Rio Salado valley. This surface is not disected to the south 

of the scarp exposed in the southern part of the area, but to the north 

it has been mostly removed by erosion, exposing the Baca and older 

formations. Several remnants of this pediment grave1 are exposed 

within the studied area (Fig. 3). The gravels consist mostly of vol

canic rocks from the Datil Formation and the La Jara peak basalt.

Topographically below the level of the pediment surface is a 

second and younger set of gravel deposits. These terrace deposits 

are much more local and are not as thick as the pediment gravels, 

being only 3 to about 12 feet thick. They are composed mostly of
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volcanic rocks, but they also include some locally derived material of 

Baca lithology.

Landslide material which occurs along the edges of the pedi

ment and terrace gravels was mapped as a part of the gravel deposits.

Recent Alluvium

As mapped, this unit includes the recently-deposited, locally- 

derived material in the beds of the wider arroyos in the thesis area.



STRUCTURE

The regional dip in the vicinity of Baca Canyon is to the 

south and southwest, but this dip is nearly obscured by north-south 

striking normal faulting which is the dominant structural feature in 

the area. These faults have produced a number of horsts and grabens. 

Folding is minor and is generally attributable to fault drag. Intra- 

formational faulting within the Baca Formation is locally present, 

and landslides occur in steeper areas.

The structural features of Baca Canyon are primarily the re

sult of late Tertiary deformation, but the Laramide (?) orogeny pro

duced the uplifts and basins which led to the deposition of the Baca 

Formation.

Laramide (?) Orogeny

The late Cretaceous-early Tertiary orogeny involved compressive 

forces which caused warping along north-south lines (Kelley and Wood, 

(1946). A major structural feature of this orogeny was the Lucero up

lift which is located north of the Bear Mountains. This uplift was 

leveled by the end of Eocene time. Jicha (1958) believed that this 

orogeny was part of the Laramide Revolution.

The Baca Formation sediments were probably derived in large 

part from erosion of the Lucero uplift. The age of the Baca and the 

age of the orogeny match well, and many of the Baca sediments seem
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to be the transported equivalents of the rocks which were stripped 
from the Lucero uplift.

Late Tertiary 

Orogeny

Tensional forces developed in central New Mexico in middle 

Miocene time, and the north-south striking normal faulting which en

sued represents the major structural deformation within Baca Canyon. 

These faults have steep dips and strike from N. 30° M. to N. 45° E. 

Regionally, these faults are part of the puerco fault zone of Kelley 

and Hood (1946).

The displacement on these faults ranges from less than a few 

inches to more than 1,000 feet. Only the faults with demonstrably 

significant displacement were mapped. Some of the apparent throw along 

the faults may be due to a horizontal component of movement coupled 

with the dip of the beds involved. Although the observed slickensides 

generally rake at angles of less than 50°, they may represent only the 

final adjustment, and it is probably not possible to compute the ver

tical and horizontal components of the observed displacement.

The late Tertiary faulting is nearly contemporaneous with the 

intrusion of the numerous dikes and sills. The dikes and faults are 

roughly parallel. Dikes sometimes occur along faults, and faults dis

place dikes in a few places. Faulting preceded and probably continued 

after the intrusive period.
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Other Features

Landslides and large slump features are present in a number of 

places within the studied area. The most obvious of these lies at the 

north end of a north-south ridge in the NW 1/4 sec. 9, T. 1 N., R. 4 W.

Random slickensides and aggregates of gypsum crystals along a 

pronounced bedding plane in the upper Baca in the east-central part 

of sec. 8, T. 1 N.> R. 4 W., suggest that some intraformational 

bedding plane slippage has occurred within the Baca Formation.

Gypsum has been introduced along several of the main faults, 

where it occurs in mounds and is thought to represent spring deposi

tion. The gypsum vcinlets in the mudstone bed of the upper red unit 

of the Baca Formation may be genetically related to the gypsum intro

duced along.the faults.



ECONOMIC GEOLOGY

The studied area contains no known commercial mineral or fuel 

deposits. The area does, however, contain several coal beds and a few 

uranium occurrences. The coal was prospected many years ago, and the 

uranium occurrences have been prospected since the early 1950's. Cur

rently, almost the entire area of outcrop of the Baca Formation is 

covered with mining claims for uranium.

Uranium

Numerous prospect pits and bulldozer trenches have been cut 

into the lower red and middle sandstone units of the Baca Formation 

in search of uranium, but only a few have uncovered uranium mineral

ization. Most prospects contain silicified wood or carbonaceous plante 

material with some related limonite staining. Several of the mineral

ized occurrences are described below. Their locations are shown on 

Figure 3.

Baca Canyon Occurrences

One uranium occurrence located in the north-central part of 

sec. 15, T. 1 N., R. 4 W., is in gray-colored sandstone of the middle 

sandstone unit of the Baca Formation (Fig. 10). The anomalous radio

activity is associated with a piece of black coaly material or carbo

naceous trash that measures only one inch high and four inches long. 

The carbonaceous trash is surrounded by a halo of limonite-stained

34



35

Fig. 10. Uraniferous Carbonaceous Trash in Middle 
Sandstone Unit of Baca Formation

Fig. 11. Uraniferous Carbonaceous Trash in Lower Red 
Unit of Baca Formation



36

sandstone. No uranium minerals are visible. The background radio

activity is 0.05 MR/hr. and the highest reading is 0.50 MR/hr.

A second uranium occurrence is located at the base of a 5-foot 

lenticular sandstone bed in the lower red unit of the Baca Formation 

in the NW 1/4 sec. 15, T. IN., R. 4 U. (Fig. 11). The sandstone is 

fine- to medium-grained and is pale red to white or light gray. It is 

overlain by red mudstone and lies on a gray to greenish-gray mudstone. 

The grayish mudstone is red about 1.5 feet below the sandstone con

tact. Anomalous radioactivity is associated with two small pieces of 

carbonaceous material. No uranium minerals are visible. The back

ground radioactivity is 0.03 MR/hr. and the highest reading is 

0.50 MR/hr.

A third occurrence is located in a thin, lenticular conglomer

atic sandstone in the upper part of the middle sandstone unit of the 

Baca Formation in the extreme north-central part of sec. 15, T. IN.,

R. 4 U. The conglomerate can be traced along the outcrop for about 75 

feet and contains light greenish-gray mudstone galls that range from 

pea size to about 3 inches in diameter. Uranium mineralization occurs 

in a woody, highly iron-stained, partly-silicified log. The log, which 

is only partially exposed, is about 10 inches in diameter and at least 

4 feet long. Iron-stained sandstone forms a halo around the log. Car- 

notite (?) is visible as a thin coating on the wood. The background 

radioactivity is 0.05 MR/hr. and the highest reading is about 1.45 

MR/hr.

One other uranium occurrence was reported in Baca Canyon 

(Collins, 1954), but it could not be located.
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Baca Formation Uranium Occurrences Outside the Happed Area

Uranium mineralization is present within the Baca Formation in 

many places to the west of the Bear Mountains (Fig. 12). These occur

rences have been described by Griggs (1954), Bachman, Baltz, and 

Griggs (1957), and Hilpert (1969) and are similar to those in the 

studied area. The deposits in the Red Basin and Hook's ranch areas 

arc larger, but even these are apparently uneconomic. Assayed samples 

from many of these occurrences indicate that the grade of uranium can 

range from a trace to as much as 3.27 percent U^Og and that many of 

the deposits contain significant amounts of vanadium. All of the 

deposits are associated with carbonaceous material.

Suggested Ore Genesis

Ground water moving through the highly permeable units of the 

Baca Formation may have carried uranium in solution, as suggested by 

Gruner (1956). The original source of the uranium is not known, but 

it may have originated from within the sediments of the Baca Formation. 

Humic material (Szalay, 1958; and Vine, Swanson, and Bell, 1958) asso

ciated with some of the wood in the Baca Formation probably tied up the 

uranium as a complex organic compound (Douros, 1967). The permeable 

nature of the Baca Formation leads to the conclusion that the uranium

bearing solutions came in contact with essentially all of the carbo

naceous material and yet only a small portion of the material was 

mineralized. The mineralized material apparently contained the 

necessary humic (lignite, peat, or decayed wood) material. This



Pig. 12. Map Showing Location of Known Uranium Occurrences in the Baca 
Formation



suggests that the unmineralized wood either contained non-humic carbon 

or was already silicified.

Ore Guides and Exploration

A large portion of the sedimentary commercial uranium deposits 

in the western United States are associated with carbonaceous material 

in thick, continental arkosic sandstones. The sandstones are usually 

gray, and the associated mudstones arc usually light gray to light 

green. Secondary or altered iron compounds are characteristically 

present. All of these features are present in parts of the Baca For

mation within the studied area, and the formation there is termed 

"favorable.11 The presence of uranium in the Baca Formation further 

increases its favorability.

As favorable as the Baca Formation within the studied area 

appears, the possibility of discovering an economic uranium deposit 

seems only marginal. The reasons for this are that (1) the formation 

has been largely explored over its outcrop area, (2) the area is 

faulted to such an extent that even if a deposit were discovered, it 

probably would be faulted and extremely difficult and expensive to 

mine, and (3) the formation is deeply buried by hard volcanic rocks 

of the Datil Formation in most areas.

Coal

Baca Canyon is located at the extreme southeast end of the 

Datil Mountain coal field of Bieberman and Weber (1969). (See Fig. 

13). Read et al. (1950) inferred that the Upper Cretacious strata of
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this field contained 109.9 million tons of mostly subbituminous coal. 

Because of the poor grade of the coal, its thin-bedded occurrences, 

and the inaccessibility of the field, very little coal has been mined 
from this Datil Mountain coal field.

Within the studied area, the Crevasse Canyon Formation of the 

Mesa Verde Group contains several thin subbituminous coal beds. Two

old prospect pits are located on these beds (Fig. 3). The coal beds
%generally contain abundant clay and are broken by numerous faults.

The coal beds are uneconomic under current conditions.



APPENDIX

STRATIGRAPHIC SECTIONS 

Winchester Section

The following stratigraphic section is Winchester's (1920) type 

section of the Datil Formation, which was measured at the north end of 

the Bear Mountains. Wilpolt and others (1946) stated that the section 

was measured in secs. 4, 5, 8, and 9, T. 1 N., R. 4 W. Wilpolt and 

others split Winchester's section into the restricted Datil Formation 

and the Baca Formation, as indicated below:

Thickness
Unit Description (feet)

Restricted Datil Formation:

25 Quartz rhyolite. .............................  120

24 Conglomerate and sandstone, reddish, friable.
Conglomerate contains angular fragments 
of igneous r o c k ............ .............. 40

23 Sandstone. . . . . .  .........................  35

22 Conglomerate with pebbles as large as 1 foot
in diameter .........................  50

21 Sandstone and conglomerate in alternating
beds.......................................  25

20 Sandstone, argillaceous........... 4

19 Tuff, conglomerate, with pebbles and angular
fragments as much as 18 inches in diam
eter.......................................  60

18 Rhyolite, vitreous, light colored.............  4
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17 Andesite, light purple, vesicular............  8

16 Agglomerate with igneous pebbles as much
as 1 foot in diameter . . . ............... 17

15 Tuff, similar in composition to 65-foot 
bed below but gray and rather porous 
and slightly more basic..................  105

14 Tuff, red, compact, with groundmass of 
glass, iron ore, feldspar, and 
secondary calcite; inclusions of 
glassy material containing phenocrysts
of feldspar, biotite, and iron ore........  65

13 Sandstone, friable, containing earthy
material................    127

12 Covered............ ...................... .. . 60

11 Tuff, conglomeratic, dark, slate-colored;
angular fragments of igneous rock; 
maximum diameter of rounded pebbles 
18 inches................    420

• Sub-total, Restricted Datil Formation 1,140

Baca Formation:

10 Sandstone, red, argillaceous; contains
streaks of gypsum . ............  . . . . .  210

9 Covered but contains some yellow sand. . . . .  190

8 Conglomerate like 4-foot bed below........... 5

7 Sandstone, thin bedded, with clay.............  1.5

6 Clay, red, with sand and mica.........  12

5 Conglomerate, reddish, pebbles as much as 
4 inches in diameter in matrix of clay, 
feldspar, and quartz....................... 4

4 Clay, red, with sand and mica specks . . . . .  15

3 Not exposed.................  ................  175
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2 Conglomerate, reddish gray, with well- 

rounded fragments of igneous and 
sedimentary rocks, including limestone. . . 8

1 Conglomerate, white, well-rounded
pebbles, maximum diameter 6 inches 
of granite, obsidian, feldspar,
and quartz........................... 64

Sub-total, Baca Formation 684.5

Total, original Datil Formation 1,824.5

Section 1

The following partial stratigraphic section of the Baca Forma

tion was measured in the SE 1/4 sec. 32, T. 2 N., R. 4 W., as indicated 
on Figure 3.

Thickness
Unit Description (feet)

Hells Mesa Fault above 

Section 1c

11 Sandstone, yellowish gray to light gray 
or light greenish gray, medium- to 
very coarse-grained, conglomeratic 
lenses with boulders of limestone, 
quartzite, etc., contains light 
grayish-green mudstone splits and 
galls . . . . ' . ■ ........................... 95

10 Mudstone, grayish red, contains muscovite
specks, very bentonitic..................  30

The top of Section lb is located about 250 feet north of the 

base of Section 1c. This projection was made along the continuously 

exposed contact between units 9 and 10.



Section lb

9 Sandstone and conglomerate, white, medium- 
to very coarse-grained, conglomeratic 
lenses with boulders to 16 inches in 
diameter of gray limestone (some 
fossiliferous), muscovite granite and 
pegmatite, quartzite, chert, and jasper . . 8

8 Mudstone, grayish red, mostly covered. . . . .  77

The top of Section la is located about 750 feet north of the 

base of Section lb. This projection was made across a dike and fault 

and was made on the basis of the similar lithology of unit 7 in 

Section la and the partially exposed sandstone conglomerate below 

unit 8 in Section lb.

Section la .

7 Sandstone and conglomerate, light red to
white, lenticular with some intercalated 
red mudstone, sub-angular to rounded 
boulders and gravel consisting of muscovite
granite and pegmatite, gray fossiliferous 
limestone, chert, vein quartz, and jasper . 14

6 Mudstone, grayish red, contains specks 
of mica, part is well indurated and 
blocky, unit thicker to southeast ........  10

5 Sandstone and conglomerate, white,
lenses of conglomerate in sandstone, 
feldspars partly altered in kaolinite, 
gravel and boulders consist of muscovite 
granite and pegmatite (predominant), 
quartzite, sandstone, and Crevasse Canyon 
Formation (?) concretions, contains red 
mudstone splits, unit thickens to north
west and thins to southeast . ............. 15

4 Mudstone, like unit 2 below, not well
exposed, unit pinches out to northwest,
between units 5 and 7 ................ .. . 20
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3 Sandstone and conglomerate, like unit 5 
unit thickens to northwest and thins
to southeast. . ..........  . . . . . . . .  12

2 Mudstone, grayish red, contains specks 
of muscovite, part has fair cement 
and is blocky............................. 17

1 Mudstone, grayish red, contains some 
grayish yellow clay, abundant 
Crevasse Canyon Formation (?)
concretions at base of unit ...............  10

Total Baca Formation measured 308

Crevasse Canyon Formation below

Section 2

. The following stratigraphic section of the Baca Formation and 

the lower part of the Spears Member of the Datil Formation was measured 

in the west-central part of sec. 4, the central and east-central parts 

of sec. 5, and in the NE 1/4 sec. 8, T. IN., R. 4 W., as indicated on 

Figure 3. The section begins within the Spears Member of the Datil 

Formation, just below the well indurated latites forming the upper part 

of a butte in the center of sec. 8, T. 1 N., R. 4 W.

Unit Description
Thickness

(feet)
Section 2e

34 Latite, blocky and well indurated, gray. . . .  1

33 Volcanic sandstone and siltstone, poorly 
indurated, reddish brown to purplish 
gray 85



32 Sandstone and siItstone, moderately well 
indurated, contains abundant volcanic
material, reddish brown..................  0.3

Total Spears Member measured 86.3

Baca Formation:

Section 2e (continued)

31 Mudstone and sandstone, grayish red,
sandstone is fine grained . . . . . . . . .  32

The top of Section 2d is located about 150 feet east of the

base of Section 2e. This projection was made along the continuously

exposed contact between units 30 and 31.

Section 2d

30 Sandstone, lenticular and local, white,
lower part is fine- to medium-grained, 
upper part is very coarse grained and 
equigranular.......... ....................

29 Mudstone and sandstone, grayish red,
sandstone is fine grained............ ..

28 Sandstone, grayish red, fine- to medium
grained, abundant gypsum veinlets 
(Fig. 8)...................................

27 Mudstone and sandstone, grayish, sand
stone is fine- to medium-grained, 
gypsum at top of unit ....................

26 Sandstone, light grayish red, medium
grained, thin bedded.............. ..

25 Mudstone, grayish red, not well exposed. . . .

24 Sandstone, grayish red, fine grained ........

23 Mudstone, grayish red. ................. ..

22 Sandstone, light grayish red, fine grained,
thin bedded ..........  . . . . . . . . . .

4

17

20

70

4

40 • 

4 

6

4



21 Mudstone, grayish red, some light
green mudstone lenses........ ............ 41

The top of Section 2c is located 4550 feet northwest of the base 

of Section 2d. This projection was made on the basis of the similar 

lithology of unit 20 in Section 2c and the partially exposed sandstone 
below unit 21 in Section 2d.

48

Section 2c

20 Sandstone, grayish yellow, medium- to very 
coarse-grained, poorly consolidated, 
contains conglomerate lenses, several 
greenish gray mudstone or clay splits, 
abundant silicified and carbonized wood, 
some limestone nodules, unit is highly
limonite stained, especially near
fossilized w o o d ........................... 200

19 Conglomerate and sandstone, light gray, 
boulders of granite, limestone,
sandstone, quartz, and chert..............  27

The top of Section 2b is located about 900 feet east-southeast 

of the base of Section 2c. This projection was made along the continu

ously exposed contact between units 18 and 19.

Section 2b

18 Mudstone, grayish red.........................  18

17 Sandstone, like unit 13 below. . ............   4

16 Mudstone and sandstone, like unit 12
below .................................   18

15 Mudstone, grayish red. ...................  25

14 Sandstone and mudstone, like unit 12
below .................................   6
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13 Sandstone, light reddish gray, contains
a few quartzite cobbles . , . ............. 8

12 Sandstone and mudstone, red to grayish red,
sandstone is fine- to medium-grained. . . .  10

11 Sandstone and conglomerate, light grayish 
red at top to light gray at base, 
grades from fine grained at top to 
coarse grained and conglomeratic at 
base.......................................  5

The top of Section 2a is located about 1550 feet east-southeast 

of the base of Section 2b. This projection was made across several 

dikes and small faults and was made on the basis of the similar lithol

ogy and thickness of unit 10 in Section 2a and the poorly exposed sand

stone and conglomerate bed which crops out below and to the north of 

the base of Section 2b,

Section 2a

10 Sandstone and conglomerate, lenticular,
like unit 6 below......................... 10

9 Mudstone, grayish red. . . . . .  ............  4

8 Mudstone conglomerate, grayish red, small
quartzite pebbles in sandy mudstone . . . .  4

7 Mudstone, grayish red, sandy, partly
covered ................... .............. .. 43

6 Sandstone and conglomerate, white to light 
gray, massive to thin bedded, sandstone 
is coarse to very coarse, boulders con
sist of granite, quarzite, chert, and
Crevasse Canyon Formation concretions . . .  8

5 Mudstone, grayish red, partly covered. . . . .  39

4 Sandstone, light gray, massive, fair to
poorly sorted, fine- to medium-grained, 
contains limonite and muscovite ..........  3
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3 Cover, contains some grayish red
mudstone. 10

2 Silty sandstone, light gray, friable,
thin to medium bedded ..............   5

1 Cover, contains some grayish-red
mudstone. . . . . . . . . . . . . . . . . .  8

Total Baca Formation 697

Crevasse Canyon Formation below
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