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PREFACE

The purpose of this study is to clarify the 
stratigraphic relationships of sedimentary rock units near 
or adjacent to the Cretaceous-Tertiary time boundary in 
the San Juan Basin, New Mexico. The field work for this 
study involved the collecting of statistical data on 
cross-strata measurements, grain-size parameters, pebble 
mineralogy, thickness of stratigraphic units, and the 
examination of rock unit boundaries. Stratigraphic hori
zons for vertebrate fossils were also determined.

The initial phase of this research program 
Involved several reconnaissance trips to the San Juan 
Basin as well as reviewing the works of all previous 
authors on the geology of the San Juan Basin. During the 
reconnaissance trips, numerous fossil localities were 
discovered and several stratigraphic sections were mea
sured. These formed a framework for all subsequent field 
work done for this thesis. Trips to the San Juan Basin 
were made in the summer of 1966, the spring of 1967, the 
summer of 1968, the spring and summer of 1969. and the 
spring of 1971. The entire summer of 1971 was spent in 
the field, and most of the detailed work was accomplished 
at that time.
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Laboratory work involving the sieving of sand

stone samples and the extraction of heavy minerals was 
done during the fall, 1971. Also during that time, compu
ter programs were designed for the calculation of average 
cross-strata directions and various grain-size parameters. 
These programs were run using the University of Arizona 
GDC 6400 computer, courtesy of the Department of Geo
sciences.

I am indebted to Robert Read, George Shott, Jr., 
Bruce R. Tufts, and Steven Wade, who accompanied me on the 
first reconnaissance trip to the San Juan Basin. I would 
like to express my appreciation to the staff of Chaco 
Canyon National Monument, New Mexico who allowed me to 
stay in the monument and use their facilities during the 
early part of the summer, 1971. I would especially like to 
thank the members of my thesis committee. Dr. Everett 
Lindsay, Dr. Joseph Schreiber, Jr., and Dr. Richard Wilson, 
who critically reviewed this thesis and offered many 
suggestions on Improving it. Dr. Lindsay helped formulate 
the original thesis proposal and suggested many useful 
approaches to the field problem. He also accompanied me 
in the field in the spring, 1971 and saved my Volkswagen 
from a muddy grave. Laboratory facilities and a great 
amount of technical aid was given by Dr. Schreiber, without 
whose help the section on grain-size parameters and



mineraloglc analysis would not have been possible.
Dr. Wilson taught me the principles of stratigraphic basin 
analysis, which is the basis for much of this thesis.

• Finally, I would like to thank the person who, 
more than anyone else, helped to make this thesis a 
reality; my wife Patricia. Throughout all the months of 
field work, laboratory work, computer programs, and 
writing she has been a constant source of help and comfort.
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ABSTRACT

Since the definition of the 0 jo Alamo Beds in 
1910 by Barnum Brown, the original sediments and the 
dinosaur fauna encompassed therein have been excluded from 
the stratigraphic unit now named the 0 jo Alamo Sandstone 
restricted. Because of ambiguities in the term 0jo Alamo, 
the term Gallegos Sandstone is proposed as a substitute for 
the term 0 jo Alamo Sandstone restricted.

A study of sedimentary structures and statistical 
parameters indicates that the Gallegos Sandstone had a single 
source area, in the southwestern corner of Colorado in the 
vicinity of the western flank of the present day San Juan 
Mountains. The average direction of dip of cross-strata 
for more than 7,000 measurements is 138°, with a consistency 
of more than 73 percent. Studies involving grain-size, 
pebble mineralogy, and heavy minerals support this directional 
data.

During the summer of 1971 the first vertebrate 
fossils definitely known from the Gallegos Sandstone were 
found. Dinosaur bones found 20 feet above the base of the 
Gallegos Sandstone, and the intertonguing relationship 
between the Gallegos Sandstone and the Paleocene Nacimiento

x



xi
Formation indicates that the Gallegos Sandstone crosses 
the Cretaceous-Tertiary time boundary, with the lower part 
of the Gallegos Sandstone being Latest Cretaceous and the 
upper part of the formation being Earliest Paleocene.



INTRODUCTION

The San Juan Basin is a structural and topographic 
feature located in the northwestern corner of New Mexico 
and adjacent parts of Colorado. The elevation of the San 
Juan Basin varies from 5*100 feet above sea level to more 
than 8,000 feet above sea level, and encompasses nearly 
5,000 square miles. Because of the wide range in ele
vation, the annual precipitation is from less than four 
inches per year in some of the desert areas to more than 
20 inches per year in the mountains. The maximum daily 
temperature is often less than 0°P in the winter to 
more than 110° in the summer.

The geologic setting (including subsurface 
geology) of the San Juan Basin includes rock units of 
Cambrian, Devonian, Mississippian, Pennsylvanian, Permian, 
Triassic, Jurassic, Upper Cretaceous, Tertiary, and 
Quaternary age. Of the 14,000 feet of sediments in the 
structural San Juan Basin, only the last 4,000 feet are 
Cenozoic deposits, and below these are 6,000 feet of 
Late Cretaceous rocks.

The Late Cretaceous sediments represent a 
transgressive-regressive sedimentation cycle, with the 
Mancos Shale and Lewis Shale being marine transgressive

1
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phases of deposition. The Point Lookout Sandstone, the 
Cliff House Sandstone, and the Pictured Cliffs Sandstone 
probably represent a beach facies, while the Menefee 
Formation and the Fruitland Formation probably are 
coastal and deltaic deposits. The final regression of the 
Late Cretaceous seas from the San Juan Basin area resulted 
in the deposition of the Pictured Cliffs Sandstone and 
the Fruitland Formation.

Above the deltaic Fruitland Formation are flood 
plain deposits of the Kirtland Shale. Associated with the 
shales and sandstones of both of these formations are the 
remains of dinosaurs and turtles. The shales containing 
these dinosaurs and turtles were originally named the 
0 jo Alamo Beds by Earnum Brown in 1910.

On top of the Kirtland Shale are conglomeratic 
sandstones. Since the definition of the 0jo Alamo Beds 
by Barnum Brown in 1910, the term 0jo Alamo had been 
used for the dinosaur fauna and for a sedimentary unit 
that included parts of the shales containing dinosaurs 
and turtles and the conglomeratic sandstones overlying the 
Kirtland Shale. In 1966, Baltz, Ash, and Anderson restric
ted the term 0 jo Alamo Sandstone to apply solely to the 
conglomeratic sandstones. The direction of transport of 
the conglomeratic sandstones and their source area(s) have 
been a matter of speculation.



3
On top of the conglomeratic sandstones is the 

Kacimiento Formation, composed of flood plain deposits.
The Kacimiento Formation contains the Puerco and Torrejon 
mammal faunas, which are considered to be Early and 
Middle Paleocene in age. There are no dinosaurs in the 
Kacimiento Formation.

Because the 0jo Alamo Sandstone restricted has 
no distinctive fauna, the location of the Cretaceous- 
Tertiary time boundary in the San Juan Basin is question
able; it must occur somewhere between the dinosaur-bearing 
Kirtland Shale and the Paleocene Kacimiento Formation.
The Cretaceous-Tertiary boundary is either at the contact 
between the Kirtland Shale and the 0 jo Alamo Sandstone 
restricted, at the contact between the 0 jo Alamo Sandstone 
restricted and the Kacimiento Formation, or somewhere 
within the 0jo Alamo Sandstone restricted.

The purpose of this study is three-fold: (1) to
clarify the use of the term 0 jo Alamo and to decide 
whether or not it is a valid stratigraphic or biostrati- 
graphic name; (2) to determine the direction of transport 
and the source area(s) for the conglomeratic sandstones 
between the Kirtland Shale and the Kacimiento Formation; 
and (3) to determine the probable location for the 
Cretaceous-Tertiary time boundary in the San Juan Basin.
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Figure 1, Location Map of the San Juan Basin, New Mexico Showing the Areal Extent 
of Formations Adjacent to the Cretaceous-Tertiary Boundary. •£*



PREVIOUS WORKERS

In order to understand the past usage of the term 
0jo Alamo, it is necessary to look briefly at the strati
graphic section exposed along 0 jo Alamo Arroyo. The upper
most formation is the Kacimiento, composed largely of 
vari-colored shales, mudstones, and channel sandstones.
The Kacimiento Formation contains the type faunas for the 
Puercan and Torrejonian North American land mammal ages. 
Below the vari-colored shales, mudstones, and channel sand
stones of the Kacimiento Formation is a coarse-grained 
conglomeratic sandstone containing fossil logs in abun
dance. This sandstone has a conformable, gradational 
contact with the overlying Kacimiento Formation, but at its 
base there is a prominent erosional unconformity. In the 
following discussions, the coarse-grained conglomeratic 
sandstone below the Kacimiento Formation will be referred 
to as the upper conglomerate. In the vicinity of 0jo 
Alamo Arroyo the upper conglomerate is 35 to 70 feet thick.

Below the upper conglomerate are vari-colored 
shales, mudstones, and interbedded sandstones containing 
fragmentary dinosaur and turtle remains. In many areas 
erosion at the base of the upper conglomerate causes a 
nearly complete removal of this unit. In the discussions
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below, the vari-colored shales, mudstones, and interbedded 
sandstones with dinosaur and turtle remains will be 
referred to as the upper shales. The upper shales are 
from 5 to 70 feet thick along 0jo Alamo Arroyo.

Beneath the upper shales there is a thin bed of 
conglomeratic sandstone composed largely of siliceous 
pebbles. The conglomeratic sandstone with siliceous peb
bles will be called the lower conglomerate in the re
mainder of this section. The lower conglomerate is from 
six to eight feet thick along 0jo Alamo Arroyo.

At the base of the lower conglomerate is an 
erosion surface having considerable lateral extent. How
ever, since the dinosaur fauna is identical on either side 
of this surface, the hiatus represented between the beds 
is probably not very great. Below the erosion surface at 
the base of the lower conglomerate is another unit of 
vari-colored shales, mudstones, and interbedded sandstones 
which also contains fragmentary dinosaur and turtle 
remains. The shales, mudstones, and interbedded sandstones 
with dinosaur and turtle remains below the lower conglo
merate will be called the lower shales in this section. 
Along 0 jo Alamo Arroyo the lower shales are approximately 
60 feet thick.

In 1904 Barnum Brown collected fossils for the 
American Museum of Natural History in the badlands along
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0jo Alamo Arroyo. He recognized the Puerco Formation of 
Cope (1875)» now known as the Nacimiento Formation.
Towards the base of the Puerco Formation he determined 
that 11 sandstones predominate and are characterized by 
quantities of petrified wood . . . .n(Brown, 1910, p. 268). 
Brown's sandstones with petrified wood are the upper con
glomerate of this paper. Brown goes on to say that below 
these sandstones the "Puerco rests unconformably on a 
conglomerate that is composed of red, gray, yellow, and 
white pebbles [lower conglomerate of this paper] . . . .  

Below the conglomerate there is a series of shales and 
sandstones [lower shales of this paper] . . . .11 (Brown, 
1910, p. 268). Since he did not find dinosaurs in the 
upper shales between the two conglomerates, Brown 
assigned everything above the lower conglomerate to the 
Puerco Formation.

Brown (1910, p. 268) stated, "The shales below 
the conglomerate that contain numerous dinosaur and 
turtle remains I shall designate as the 0jo Alamo Beds." 
Brown estimated the 0 jo Alamo Beds to be about 200 feet 
thick, but he did not determine their relationship to 
underlying formations.

Brown assumed that the unconformity between the 
upper shales and the lower conglomerate was the Cretaceous- 
Tertiary boundary for this area. Later workers do not
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recognize an unconformity at the top of the lower conglo
merate but, as previously mentioned, an erosion surface 
is found at its base. Brown failed to recognize the major 
unconformity at the base of the upper conglomerate and 
found no dinosaurs in the upper shales. It is important to 
note that the original 0 jo Alamo Beds were defined as 
dinosaur bearing shales. Changes in nomenclature of the 
stratigraphic units along 0jo Alamo Arroyo will be dis
cussed below, and are summarized in Figure 2.

In 1914 W. J. Sinclair and Walter Granger 
revised the stratigraphy of the 0 jo Alamo area on the basis 
of field work done from 1912 to 1913» from Gallegos Can
yon to Cuba, New Mexico. They found dinosaur remains in 
the upper shales and a weathered centrum of a dinosaur 
caudal vertebra loose on an exposed surface of the upper 
conglomerate. They believed that this centrum had wea
thered from the upper conglomerate and recognized a major 
unconformity at the top of the upper conglomerate.
Sinclair and Granger (1914, p. 301) wrote of the upper 
conglomerate, "This sandstone varies in thickness because 
of the erosional unconformity at its top . . . .  At its 
base it rests disconformably on a series of rusty-yellow, 
bluish, greenish, and wine-red banded clays with lenses of 
yellow channel sandstone, the 0jo Alamo Beds of Brown.11



Figure 2* Nomenclature and Age Assignments of Rocks Adjacent to the Cretaceous- 
Tertiary Boundary at 0jo Alamo Arroyo, San Juan Basin, New Mexico.
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By confusing the upper conglomerate with the 

lower one, Sinclair and Granger mistakenly included the 
upper conglomerate and the sediments below it in the 
"0 jo Alamo Beds of Brown". They also mistakenly identified 
an unconformity at the top of the upper conglomerate and 
placed the Cretaceous-Tertiary boundary at the contact 
between the upper conglomerate and the overlying Puerco 
Formation; an idea that was to persist for 50 years.

In 1915 Clyde Max Bauer, of the U. S. Geological
Survey, led a field party in the San Juan Basin, mapping
from the San Juan River to about six miles north of Chaco
Canyon. Bauer also recognized a major unconformity at the
top of the upper conglomerate and failed to recognize the
erosion surface at the base of the unit. To Bauer it
appeared that the upper shales were a lens between the two
conglomerates, with the shales pinching out north and
south of 0 jo Alamo Arroyo leaving a single conglomerate.
Bauer (1916, p. 2?6) wrote

. . .  it is necessary to redefine the lithologic 
0jo Alamo as determined by the writer C. M. Bauer .As he found the formation to be essentially a sand
stone including lenses of shale and conglomerate, 
it seems desirable to call it 0 jo Alamo sandstone 
and to define it as consisting on 0 jo Alamo Arroyo 
of two conglomeratic beds and the shale lenses which they include.

By defining the lower limits of the 0 jo Alamo Sandstone as 
the base of the lower conglomerate, Bauer excluded the 0jo 
Alamo Beds of Brown from his 0jo Alamo Sandstone.
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In 1924 John B. Reeslde, Jr. Introduced the name 

McDermott Formation to the San Juan Basin on the basis of 
fieldwork done In 1915 to 1917» 1920, and 1923 In New 
Mexico and from 1920 to 1921 In Colorado. The field area 
was from Red Mesa, Colorado to a few miles south of 
Escavada Wash in New Mexico. Reeslde (1924, p. 25) 
stated that

At San Juan River, the McDermott formation is rep
resented by thin lenses of fine purple and green tuffaceous sandstone, coarse white sandstone with 
clay pellets, and purple and gray shale forming 30 
feet of beds just beneath the 0jo Alamo sandstone.
South of San Juan River the McDermott formation is 
a thin assemblage of brown sandstone and grit, gray- 
white sandstone, and purple and gray shale just 
beneath the 0jo Alamo sandstone.

Later workers (Baltz and others, 1966) have shown 
that, on 0jo Alamo Arroyo, the McDermott Formation of 
Reeslde consists of the uppermost part of the lower shales, 
while on Hunter’s Wash it consists of the upper shales and 
the lower conglomerate. At several stratigraphic sections, 
north of the 0 jo Alamo area, Reeslde (1924, pi. II) 
characterized the McDermott Formation by occurrences of 
pebbles toward its base. I examined each of these 
sections with great care and determined that, without 
exception, the pebbles at the base of the McDermott For
mation had weathered out from the upper conglomerate and 
settled as float on the lower slopes. For these reasons



I do not recognize the McDermott Formation as a valid 
stratigraphic unit in the area south of the San Juan 
River to 0 jo Alamo Arroyo.

In 195^ Barnes, Baltz, and Hayes redefined the 
McDermott Formation at its type locality (McDermott Arroyo, 
just north of the Colorado-New Mexico state line) and 
reduced it to a member of the Animas Formation of Cross 
(I896). The lateral extent and the validity of the 
McDermott Member south of the San Juan River is beyond the 
scope of this study, and since I don’t recognize the 
McDermott in the area south of the San Juan River it will 
not be used here.

Reeside (1924, p. 28) defined the stratigraphic 
limits of the 0 jo Alamo Sandstone as being between 
unconformable contacts at the top of the upper conglo
merate and at the base of the lower conglomerate. Except 
for the erroneous stratigraphic section on Hunter's Wash, 
the 0 jo Alamo Sandstone of Reeside is identical to that of 
C. M. Bauer.

On the basis of field work in the Hunter's Wash- 
0 jo Alamo-Coal Creek area, Baltz, Ash, and Anderson 
(1966) redefined the 0jo Alamo Sandstone. They recognized 
(1) the contact between the Nacimiento Formation (Puerco 
of Cope) and the upper conglomerate was gradational, not 
unconformable, (2) the major unconformity at the base of

12
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the upper conglomerate, and (3) the upper shales were 
pinched out or removed by an erosion surface.

The term 0jo Alamo Is applied In subsurface 
geology as well as in surface mapping in the San Juan 
Basin, and by conventional practice has been restricted to 
the upper conglomerate. This led Baltz and others (1966, 
p. D13) to propose that

. . . the name 0 jo Alamo Sandstone be restricted to 
apply only to the upper conglomerate of Bauer’s (1916, p. 2?6) type 6 jo Alamo Sandstone on 0 jo 
Alamo Arroyo . . . .  The restricted 0 jo Alamo 
Sandstone, as here defined, is the cuesta-forming 
coarse-grained conglomeratic arkosic sandstone 
that contains numerous silicified fossil logs and 
thin local lenses of shale, that is separated by an 
erosional unconformity from the underlying dino
saur-bearing Kirtland Shale, and that intertongues 
with the overlying Nacimiento Formation.

By redefining the 0 jo Alamo Sandstone thusly, Baltz and
others removed the upper shales which contain part of the
0 jo Alamo dinosaur fauna and assigned them to a new
member of the Kirtland Shale. This new unit, called the
Naashoibito Member, consists of the upper shales and the
lower conglomerate.

The term 0 jo Alamo Fauna has a very widespread 
usage in paleontologic literature; at least as great as 
the term 0jo Alamo Sandstone in stratigraphic literature 
(cf. Colbert, 1950, 1961, Russel, 1930, Lull and Wright, 
19^2, and Romer, 1966). The stratigraphic field relation
ships presented by Baltz, Ash, and Anderson (1966) are in
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accord with my data, but I believe that the use of the 
term 0jo Alamo for a lithologic unit, even as defined by 
them, should be discontinued; the stratigraphic-lithologic 
relationships are clear, once the ambiguity of redefined 
units is removed.

It is here proposed that the name Gallegos 
Sandstone (pronounced a'a-ya^gos) be used in place of 0jo 
Alamo Sandstone, to apply to the units incorporated into 
the restricted 0 jo Alamo Sandstone of Baltz and others 
(1966, p. D13). It is further proposed that the terms 
Naashoibito Fauna, Kirtland, Fauna, and Fruitland Fauna 
be used in place of the term 0jo Alamo fauna. The 
Naashoibito Member of Baltz and others (1966, p. DIO) 
should be retained as the upper stratigraphic unit of the 
Kirtland Shale. The Gallegos Sandstone is named for 
extensive exposures along Gallegos Canyon, just south of 
Farmington, New Mexico. The exact limits and extent of the 
Gallegos Sandstone will be discussed in detail in the 
section that follows on stratigraphy.



STRATIGRAPHY OF THE WESTERN SAN JUAN BASIN

Because of differences in stratigraphy and nomen
clature t it is best to consider the deposits of the San 
Juan Basin in two parts; those in the western half of the 
San Juan Basin, and those in the eastern half of the basin. 
The western San Juan Basin, for the purposes of this study, 
will be separated from the eastern half by a line running 
from Bloomfield to Cuba, New Mexico,

In the western half of the San Juan Basin, four 
sedimentary rock units are involved in the stratigraphy 
near or adjacent to the Cretaceous-Tertiary boundary.
These are the Fruitland Formation, the Kirtland Shale, the 
Gallegos Sandstone, and the Nacimiento Formation. The 
first two of these are Late Cretaceous in age, based on the 
dinosaur fauna contained therein, while the latter two are 
believed to be Early Tertiary (Paleocene), based on an 
apparent absence of dinosaur remains.

The Fruitland Formation was named by C. M. Bauer 
(1916, p, 2?4) for exposures along the San Juan River near 
the town of Fruitland, New Mexico. The lower beds of the 
Fruitland Formation intertongue with the marine sandstones 
of the underlying Pictured Cliffs Sandstone. The Fruitland 
Formation is composed of interbedded sandstones, shales.

15
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and coal beds. Although these beds are mostly lenticular, 
the coal beds are usually more persistant than either the 
shales or the sandstones. Near the Colorado-New Mexico 
state line the Fruitland Formation is approximately 530 
feet thick. The formation thins to the south, and is 
approximately 241 feet thick at the San Juan River. Far
ther south the thickness is variable from nearly 300 feet 
thick to less than 200 feet thick. The Fruitland Formation 
probably represents an advancing deltaic front moving from 
west to east as the last of the Cretaceous seas retreated 
from the San Juan Basin area. Beds composed largely of the 
pelecypod Unlo sp. are quite common in the Fruitland For
mation, as are the remains of dinosaurs, crocodiles, and 
turtles.

The contact between the Fruitland Formation and 
the overlying Kirtland Shale is arbitrary. In mapping, the 
boundary between the two formations is usually placed at 
the highest persistant fine-grained white sandstone bed 
which occurs above the highest bituminous coal bed and 
below the thick shales of the Kirtland Shale. In several 
areas where the Kirtland and Fruitland formations are ex
posed there are no fine-grained white sandstone beds above 
the highest bituminous coal bed. At these localities the 
boundary between the two formations is placed at the top of 
the highest coal bed. In still other areas there are no
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fine-grained white sandstone beds and the few coal beds 
that are present are near the base of the Frultland For
mation. Oftentimes these exposures will be mapped as 
Kirtland-Frultland Formations undivided. The strata as
signed to the Frultland Formation should probably be con
sidered a member of the Kirtland Shale rather than as a 
separate formation because in many areas the formations 
cannot be mapped separately or can only be arbitrarily 
divided and because the Kirtland Shale and the Frultland 
Formation represent only one depositional regime (l.e., 
deltaic, including deltaic front and associated flood- 
plain. ). However, detailing the arguments for such a re
vision is beyond the scope of this paper, and the strata of 
the Frultland will be referred to as a formation throughout 
this study.

The Kirtland Shale was also named by C. M. Bauer 
(1916, p. 2?4) for exposures along the San Juan River near 
the town of Kirtland, New Mexico. The Kirtland Shale is 
mappable throughout the San Juan Basin. Locally the 
Kirtland Shale can be divided into four members; the lower 
shale member, the Farmington Sandstone Member, the upper 
shale member, and the Naashoibito Member, in ascending 
stratigraphic order. The lower contact, between the Kirt
land Shale and the Frultland Formation, is gradational. The 
upper boundary of the Kirtland Shale is an erosion surface
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at the base of the overlying Gallegos Sandstone. At least 
one Intraformatlonal unconformity occurs within the Klrt- 
land Shale, between the upper shale member and the Naashoi- 
bito Member, in the western San Juan Basin. The Kirtland 
Shale is 1065 feet thick (J. B. Reeside, Jr., 1924, pi. II) 
at the Colorado-New Mexico state line, and decreases to 
840 feet thick near the San Juan River. On Cottonwood 
Arroyo the thickness of the Kirtland Shale increases to 
approximately 900 feet and further increases to more than 
1100 feet thick on Hunter’s Wash and along 0jo Alamo 
Arroyo. From 0jo Alamo Arroyo southward the Kirtland 
Shale decreases in thickness to 750 feet along Escavada 
Wash and to about 200 feet thick at Mesa Portales near 
Cuba, New Mexico.

The lower shale member was informally named by 
C. M. Bauer (1916, p. 274). This member is predominantly 
shale and mudstone interbedded with some sandy shales, 
carbonaceous shales, and sandstones. The lower shale mem
ber is limited at its base by the Fruitland Formation, and 
directly underlies the Farmington Sandstone Member. North 
of the San Juan River the thickness of the lower shale 
member varies from approximately 400 feet thick at Pinyon 
Mesa to 240 feet thick at the Colorado-New Mexico state 
line. Near the San Juan River the lower shale member is 
271 feet thick, on Cottonwood Arroyo it is 368 feet thick,
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and on Hunter's Wash it increases to 1000 feet thick. In 
cross-section from north to south, the lower shale member 
gives the appearance of a clastic wedge extending and 
thinning toward the north. This appearance may be due in 
part to the removal of some of the shale prior to the 
deposition of the Farmington Sandstone Member. There is no 
direct evidence to-date, however, that would support the 
idea of such an erosion surface.

The Farmington Sandstone Member was also named by 
C. M. Bauer (1916, p. 274-275) for exposures along the San 
Juan River near Farmington, New Mexico. The Farmington 
Sandstone Member is composed of indurated fine- to coarse
grained sandstone lenses that are separated by shale. The 
sandstone lenses are crossbedded and contain ferruginous 
concretions and clay pebbles. The sandstones are commonly 
stained by limonite. The Farmington Sandstone Member is 
approximately 500 feet thick at Pinyon Mesa and approximate
ly 460 feet thick near the San Juan River. Between Cotton
wood Arroyo and Brimhall Wash the Farmington Sandstone 
Member varies from 430 to 450 feet thick but thins rapidly 
southward, and is less than 90 feet thick along 0jo Alamo 
Arroyo, and pinches out north of Escavada Wash. Farther 
south occur some isolated sandstone lenses which resemble 
and are probably equivalent to the Farmington Sandstone 
Member. The upper and lower shale members can be separated
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only where the Farmington Sandstone Member is present.

The upper shale member was informally named by 
C. M. Bauer (1916, p. 276). Originally, the upper shale 
member contained the beds from the top of the Farmington 
Sandstone Member to the base, of the 0jo Alamo Sandstone.
The stratigraphic limits of the upper shale member have not 
changed since the definition by Bauer, only the nomen
clature of the units above it. As described by Bauer, the 
top of the upper shale member was below the base of the 
lower conglomerate (cf. pages 8-9 of this study). This 
lower conglomerate now forms the base of the Naashoibito 
Member. The lithology of the upper shale member is iden
tical to that of the lower shale member. The upper shale 
member includes strata assigned to the McDermott Formation 
by J. B. Reeside, Jr. At Pinyon Mesa the upper shale member 
is approximately 3?0 feet thick and this decreases to 110 
feet thick near the San Juan River. The upper shale member 
is approximately 60 feet thick along 0 jo Alamo Arroyo, and 
merges with the lower shale member north of Escavada Wash 
where the Farmington Sandstone Member pinches out.

The Naashoibito Member was named by Baltz, Ash, 
and Anderson (1966, p. DIO) for exposures at Naashoibito 
Spring near 0jo Alamo Arroyo. According to Baltz and others 
(1966, p. DIO) the Naashoibito Member of the Kirtland Shale 
was "named and defined to include the lower conglomerate



[ lower conglomerate of this report] and the (medial) shale 
and soft sandstone [upper shale of this report] of Bauer’s 
(1916, p. 2?6) type 0jo Alamo Sandstone.11

Baltz and others mapped the Naashoibito Member 
from the badlands at the head of Hunter's Wash to the 
eastern fork of Coal Creek (near the point where the 
Farmington Sandstone Member pinches out), a distance of 
approximately fifteen miles. Just south of the 0 jo Alamo 
area the lower conglomerate no longer contains large 
quantities of siliceous pebbles, and the sandstone thickens 
to about twenty feet. This thick sandstone bed, which forms 
the basal portion of the Naashoibito Member, was traced 
north to Brimhall Wash and south to the vicinity of Cuba,
New Mexico by the writer. The basal sandstone is gen
erally fine- to medium-grained sand , and outside the 
0jo Alamo area it contains few pebbles (although local 
concentrations of clay pebbles are found). The sandstone 
is highly crossbedded, and has an average crossbed direct
ion of dip of 210°. The beds are mostly wedge-planar with 
some trough and tabular-planar cross-strata. The basal 
sandstone varies fron 2 to 10 feet thick in the 0 jo Alamo 
vicinity, but to the south it averages more than 20 feet 
thick.

The upper part of the Naashoibito Member is 
composed of shale interbedded with mudstone and sandstone.
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The thickness of the upper part of the Naashoibito Member 
is highly variable because of the erosion surface at the 
base of the Gallegos Sandstone. In a few places, where 
erosion has completely removed the shale beds, the contact 
between the Gallegos Sandstone and the basal sandstone of 
the Naashoibito Member is very difficult to map. In 
general, however, the basal sandstone of the Naashoibito 
Member is finer grained and has a higher quartz:feldspar 
ratio than the Gallegos Sandstone. This higher quartz: 
feldspar ratio gives the basal Naashoibito sandstone a 
lighter color than the beds of the Gallegos Sandstone. The 
basal sandstone of the Naashoibito Member is gradational 
with the overlying shales, mudstones, and sandstones of the 
upper part of the member. The maximum measured thickness 
of the upper part of the Naashoibito Member is approximate
ly 80 feet (measured southeast of Barrel Springs in the 
vicinity of 0jo Alamo Arroyo).

Ferruginous concretions (cannonball concretions) 
are quite common in the sandstone beds of the Naashoibito 
Member. These concretions range in size from less than 
one inch to well over three feet in diameter. The con
cretions are dark reddish-brown and very well indurated, 
often weathering out whole from the surrounding softer 
sandstone.



The Naashoiblto Member was traced northwest from 
the head of Hunter*s Wash and I found that It was complete
ly removed by erosion at the base of the Gallegos Sandstone 
just north of Brimhall Wash. On Brlmhall Wash a medium- 
grained conglomeratic sandstone less than five feet thick 
occurs just below the erosion surface. Although the ex
posures between the head of Hunter's Wash and Brimhall Wash 
are rather discontinuous, I believe that the thin con
glomeratic sandstone below the Gallegos Sandstone on 
Brimhall Wash is the basal sandstone of the Naashoiblto 
Member.

The pebbles within the Naashoiblto Member have a 
much greater ratio of silicatvolcanics than the pebbles of 
the Gallegos Sandstone. This is true at all localities 
where both the Naashoiblto Member and the Gallegos Sand
stone contains pebbles. At Brimhall Wash, however, a 
marked increase was noticed in the ratio.of silica:vol- 
canics in the basal conglomeratic beds of the Gallegos 
Sandstone. Evidently, many pebbles from the Naashoiblto 
Member were left in place on the erosion surface as it 
developed and were later incorporated into the overlying 
Gallegos Sandstone. Northward along the exposures at the 
head of Brimhall Wash, the basal sandstone of the Naashoi
blto Member is thinned by erosion until it completely 
disappears.
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Elmer H. Ealtz (1967, pp. 89-90) measured 

several stratigraphic sections in the vicinity of Mesa 
Portales and Mesa de Cuba (both are west of Cuba, New 
Mexico) and divided the combined Kirtland and Fruitland 
formations into two units. The upper unit, which he called 
Unit B, is equivalent to the upper part of the Fruitland 
Formation and part of the Kirtland Shale (Ealtz, 196?, 
p. 24). The lower unit, which he called Unit A, is 
equivalent to the lower part of the Fruitland Formation 
(Ealtz, 196?, p. 22). Unit A is composed of carbonaceous 
shale and some coal beds interbedded with some thin sand
stones and siltstones. Unit B is composed of alternating 
beds of cliff-forming sandstone and slope-forming shale 
and mudstone. There is a large amount of lateral variation 
in Unit B, with shale and sandstone grading into each 
other. On Mesa Portales, Unit A is 65 feet thick, and Unit 
B is 215 feet thick.

I traced the basal sandstone of the Naashoibito 
Member from its type locality to the sections measured by 
Ealtz on Mesa Portales and Mesa de Cuba, and determined that 
the upper part of Unit B (specifically units 26 to 29,
Ealtz, 1967, p. 89) is the Naashoibito Member. Unit 26 
of Unit B of Ealtz (1967, p. 89) is the basal sandstone of 
the Naashoibito Member. At Mesa Portales the basal sand
stone is 20 to 25 feet thick and the upper part of the
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Kaashoibito Member is from 0 to 20 feet thick. Fassett and 
Hinds (1971, pp. 31-32) examined the stratigraphy at Mesa 
Portales, and based on palynology assigned the basal sand
stone and overlying shales, herein called the Naashoibito 
Member, to the 0jo Alamo Sandstone of Baltz. I examined 
this same outcrop and found dinosaur and turtle remains in 
beds which they assign to the Tertiary, and which I call the 
Naashoibito Member. It is apparent to me that the Naashoi
bito Member, throughout its entire outcrop area, is a 
distinct lithologic unit unconformably overlain by the 
Gallegos Sandstone.

At the Portales and Mesa de Cuba localities 
there are several other cliff-forming sandstone beds below 
the basal sandstone of the Naashoibito Member. These 
sandstones are very similar in lithology to each other and 
to the basal sandstone. In tracing these units to the 
east and northeast, they thicken, pinching out most of the 
shale beds between them, and merge to form one fairly 
consistant sandstone unit. This feature will be discussed 
further in the section in this paper on the stratigraphy 
of the eastern San Juan Basin.

The Gallegos Sandstone is here named for exposures 
of coarse-grained conglomeratic arkosic sandstone along 
the sides of Gallegos Sandstone in the central San Juan 
Basin just southeast of Farmington, New Mexico. The
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sandstone is highly crossbedded with an average direction 
of dip of 138°. The beds are mostly medium scale wedge- 
planar with some trough and tabular-planar cross-strata.

The grain size varies from very fine grained 
sands to cobbles. The larger grain sizes (very coarse 
grained sandstone to cobble gravels) occur mostly 
toward the northwest corner of the San Juan Basin. Lo
cally some sandy shales, claystones, shales, and car
bonaceous shales may be interbedded. Sand size grains 
are mostly subangular quartz with feldspar and some vol
canic rock fragments.

The base of the Gallegos Sandstone lies on top 
of a prominent erosion surface developed on the underlying 
Kirtland Shale. This unconformity can be recognized 
wherever the base of the Gallegos Sandstone is exposed. The 
uppermost beds of the Gallegos Sandstone intertongue with 
the basal beds of the Nacimiento Formation and are 
gradational with them. This intertongueing relationship 
is especially evident at the head of 0 jo Alamo Arroyo as 
demonstrated by Baltz and others (1966, pp. D14-D15» fig. 4, 
pi. 6), and in the vicinity of Farmington, New Mexico as 
shown by O ’Sullivan and Beikman (1963, sheet 1).

In most areas, the Gallegos Sandstone forms large 
cuestas and cliffs. The base of the formation is usually 
more indurated than the upper part, and consequently stands
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out prominently in relief. The upper part of the Gallegos 
Sandstone is generally finer grained and more friable than 
the basal sandstone beds. Because of this, the upper part 
of the Gallegos Sandstone is frequently covered by sta
bilized dune sand and desert soil, thus hiding the contact 
between the Gallegos Sandstone and the overlying Nacimiento 
Formation. In many areas, accurate measurement of the 
thickness of the Gallegos Sandstone is impossible unless 
well logs are available.

The Gallegos Sandstone is 270 feet thick near the 
San Juan River near Farmington, New Mexico, although some 
of this thickness may actually represent large scale 
tongues of shale from the Nacimiento Formation. On Pena- 
bete Arroyo the Gallegos Sandstone is about 120 feet thick, 
and further south this decreases to approximately 65 feet 
thick in the vicinity of 0jo Alamo Arroyo. In the Portales- 
Mesa de Cuba area the Gallegos Sandstone is from 60 to 68 
feet thick, but from 0 jo Alamo Arroyo to Mesa Portales the 
formation fluctuates from 40 to 70 feet in thickness. The 
fluctuating thickness of the Gallegos Sandstone is due to 
channeling of the underlying Kirtland Shale and to inter- 
tongueing with the overlying Nacimiento Formation.

Although the exposures along Gallegos Canyon are 
quite extensive laterally, there is no great stratigraphic 
thickness to them. Therefore two reference sections will
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be named. These sections are (1) along the San Juan River 
just south of Farmington, New Mexico, in the approximate 
location of J. B. Reeside, Jr.1S section 11 (1924, pp. 62- 
64 and pi. II), and (2) the type section of Baltz et al. 0jo 
Alamo Sandstone restricted, on 0 jo Alamo Arroyo (1966, 
pp. D20-D21). These sections were chosen to relate the 
Gallegos Sandstone with its greatest exposed thickness 
(near Farmington, New Mexico) as well as with the classic 
exposures along 0jo Alamo Arroyo.

At the San Juan River, the Gallegos Sandstone 
consists of three cliff-forming sandstone beds separated 
by beds of interbedded shales, mudstones, and finer grained 
sandstones. The cliff-forming sandstone are coarse grained 
and conglomeratic, containing pebbles of quartzite, chert, 
and volcanics. The pebbles are as much as six inches in 
diameter, average one to two inches in diameter, and occur 
both scattered and in distinct lenses. Sand grains are 
mostly quartz with some feldspar and volcanic rock frag
ments ; the grains are angular to subrounded. Fragments of 
fossil wood and cobbles of shale and mudstone are occasion
ally found. The sandstone are highly crossbedded with 
medium- to large-scale wedge planar and with some trough 
and tabular planar cross-strata. Interbedded with the 
sandstones are some thin beds of shales, mudstones, and 
carbonaceous shales. The total thickness of the Gallegos



Sandstone south of Farmington, New Mexico along the San 
Juan River is approximately 300 feet.

At 0jo Alamo Arroyo, the Gallegos Sandstone is 
composed of two sandstone beds which may intertongue with 
the overlying Nacimiento Formation. The upper sandstone is 
coarse grained and arkosic and contains a few scattered 
chert pebbles. Sand grains are mostly subangular quartz 
with some feldspar. The sandstone is crossbedded with 
wedge planar and trough cross-strata.

The lower sandstone is very coarse grained and 
contains numerous chert and volcanic rock pebbles which 
occur both scattered and in lenses. The grains are mostly 
subangular. The sandstone is crossbedded with wedge 
planar, trough, and tabular planar cross-strata. The 
pebbles average about one inch in diameter. The lower 
sandstone contains a large quantity of fossil logs, some 
of which are as much as five feet in diameter, and more 
than 50 feet long. None of the fossil logs were found 
upright or with roots in place. (The exact description 
of measured stratigraphic reference sections is in 
Appendix A.)

The Nacimiento Formation was named by James H. 
Gardner (1910, pp. 713-714) for exposures near the town 
of Nacimiento near Cuba, New Mexico. Gardner originally 
proposed the name Nacimiento Group to encompass the Puerco
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and Torrejon Formations. George Gaylord Simpson (1959) 
reviewed the history of the nomenclature of the Nacimiento 
Formation and restricted the names Puerco and Torrejon to 
refer only to the two mammalian faunas of the Nacimiento 
Formation. The Nacimiento Formation is composed of vari
colored shales, sandy shales, carbonaceous shales, silt- 
stones, claystones, and interbedded sandstones. The sand
stones occur as lenticular channel deposits. Because of 
the intertongueing relationship between the Nacimiento 
Formation and the underlying Gallegos Sandstone, the two 
formations can be differentiated only on the basis of 
detailed mapping. Where the contact between the two 
formations is well exposed this presents no great problem, 
but in many areas, as previously mentioned, the upper part 
of the Gallegos Sandstone is covered by stabilized dune 
sand. The relationship between the Nacimiento Formation, 
the Gallegos Sandstone, and the adjacent Animas Formation 
will be discussed in the following section on the stra
tigraphy of the eastern San Juan Basin.



STRATIGRAPHY OF THE EASTERN SAN JUAN BASIN

Although the stratigraphy of the eastern portion 
of the San Juan Basin is almost identical to that of the 
western part of the basin, several different names are 
currently in use for the same stratigraphic unit. For 
this reason, a brief review of the terminology in the 
eastern San Juan Basin is necessary before considering 
the stratigraphy in detail.

In 1896, Whitman Cross (in Emmons et al,, p. 217- 
219) described sedimentary deposits containing andesitic 
material on the Animas River near Durango, Colorado, and 
named them the Animas River beds. In 1924, J. B. Reeside, 
Jr. restricted the name Animas Formation and described 
these beds as (Reeside, 1924, p. 32) "the greenish gray 
and tan beds with much andesitic debris that on the Animas 
River in the Ignacio quadrangle, Colo., lie unconformably 
upon the purple beds assigned to the McDermott formation 
and unconformable below the Torrejon formation." Reeside 
traced the Animas Formation from its type locality east to 
Pagosa Junction, Colorado, and to a pinchout southwest of 
Durango (Reeside, 1924, p. 33). He also noted that Lee and 
Knowlton (191?, p. 190) had found similar beds at Dulce, New
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Mexico, and that these beds were probably part of the 
Animas Formation.

C. H. Dane (1946) traced the Nacimiento Formation 
northward from the vicinity of Cuba, New Mexico, and 
found that it was equivalent to the upper part of the 
Animas Formation. For this reason he used the term Naci
miento Formation for rocks of that formation south of 
Canoncito de las Yeguas (T. 25 N., R. IE., New Mexico), 
and used the term Animas Formation for the same rocks 
north of Canoncito de las Yeguas. E. H. Baltz (1967, 
p. 36) noted that "rocks classified as Animas Formation 
. . .  by Dane (1946, 1946) are lithologically more similar 
to those of the typical Nacimiento Formation than to 
typical Animas rocks" in the eastern part of the San Juan 
Basin.

In 1954, Barnes, Baltz, and Hayes reduced the 
status of the McDermott Formation of Reeside to that os a 
member of the Animas Formation. The strata included in 
Reeside*s McDermott Formation were separated into three 
units: a lower unit of pebble-bearing sandstones and sandy
shales; a middle unit of purplish interbedded breccias, 
conglomerates, tuffaceous sandstone, and shale; and an 
upper ridge-forming unit of conglomerates overlain by 
slope-forming shales and sandstones. The lower sequence
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was assigned by Barnes and others to the upper part of 
the Kirtland Shale. The purple beds were named the 
McDermott Member of the Animas Formation. The ridge
forming conglomerates became the upper member of the 
Animas Formation. Because of the placement of the 
McDermott Member in to the Animas Formation, the Animas 
spans the Cretaceous-Tertiary time boundary. The lower 
part, or McDermott Member, is approximately equivalent to 
the uppermost part of the Kirtland Shale and is Late 
Montanan in age. The upper member of the Animas For
mation was shown by Barnes, Baltz, and Hayes to be 
gradational with the Kacimiento Formation of Paleocene age 
in the Red Mesa area.

Barnes and others (195*0 noted that in the Bridge 
Timber area (on the boundary between secs. 15 and 22,
T. 54 N., R. 10 W.) "gently dipping beds of shale overstep"1" 
more steeply dipping and stratigraphically lower beds of 
conglomerate." The conglomerate is the ridge-forming 
conglomerate unit that forms the lower unit of the upper 
member of the Animas Formation (formerly the upper part of 
the McDermott Formation of Reeside). I examined closely 
the stratigraphic sections at these localities and it 
seems fairly apparent that the ridge forming conglomerate

1. According to the American Geological Institute 
"the regular truncation of older units of a complete sedi
mentary sequence by one or more later units of the sequence."(1966, p. 209).
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of the upper member of the Animas Formation is equivalent 
to the Gallegos Sandstone. Because of discontinuous out
crops between Bridge Timber Mountain and areas in the 
eastern portion of the San Juan Basin where the Gallegos 
Sandstone can be identified with certainty, it is impos
sible to say that the ridge-forming conglomerate unit of 
the upper Animas Formation is in actuality the Gallegos 
Sandstone.

Baltz (196?) traced the Kirtland-Fruitland For
mations undivided, the Gallegos Sandstone his 0jo Alamo 
Sandstone restricted , and the Nacimiento Formation north
ward from the vicinity of Cuba, New Mexico to near the 
head of Tapicitos Creek. He was able to differentiate 
these separate formations in all areas of his report. 
Northward reconnaissance indicated to him that the Gallegos 
Sandstone persisted as far north as Dulce, New Mexico 
(Baltz, 1967, p. 35).

Starting from Cuba, New Mexico, I traced the 
Gallegos Sandstone and the underlying parts of the 
Kirtland Shale northward following the maps and strati
graphic sections of previous workers. Measurements of 
crossbed dip directions were made and samples were col
lected for sieve analysis of grain size parameters and 
heavy mineral content, as was done in the western part of 
the San Juan Basin. The purpose of these collections end
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measurements was to determine whether the Gallegos Sand
stone in this partvof the basin had been derived from a 
separate source area than the equivalent sediments in the 
western San Juan Basin.

Three formations were recognized to be adjacent 
to the Cretaceous-Tertiary boundary in the eastern San 
Juan Basin; the Kirtland Shale, the Gallegos Sandstone, 
and the Nacimiento Formation. Northward, of Canoncito de 
las Yeguas, these formations have been mapped collectively 
as the Animas Formation. In a few areas where coal or 
carbonaceous shale is present in the lower part of the 
beds mapped as Animas Formation, the Kirtland-Fruitland 
Formations undivided are mapped in part (cf. Dane, 1948).

The upper part of the Kirtland Shale is identical 
to the Naashoibito Member of the same formation in the 
western San Juan Basin. The beds are composed of coarse
grained conglomeratic sandstone with medium- to large- 
scale trough, wedge-planar, and tabular-planar crossbed
ding. The cross-strata indicate an average direction of 
transport of approximately 210°, suggesting a source area 
towards the northeast.

In the western half of the San Juan Basin, the 
upper part of the Kirtland Formation (the Naashoibito 
Member) is characterized by a smaller mean grain size than 
the overlying Gallegos Sandstone. In the eastern part of
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the basin, however, the grain size of the Kirtland Shale 
increases toward the north until, at many localities, its 
mean grain size is greater than that of the overlying 
Gallegos Sandstone. Pebbles as large as 7«5mm are com
mon, and have a very high ratio of silica:volcanics. The 
sandstone also has a high ratio of quartz:feldspar and is 
a lighter color than the Gallegos Sandstone. In the 
eastern San Juan Basin, the upper part of the Kirtland 
Shale can best be distinguished from the Gallegos Sandstone 
by having a higher ratio of quartz:feldspar and an 
average transportation direction (average direction of dip 
of cross-strata) of 190° to 220°.

Baltz, in his 1967 report on the eastern part of 
the San Juan Basin, did net recognize or attempt to 
extend the Naashoibito Member of the Kirtland Shale from 
its type locality near 0 jo Alamo Arroyo southward and 
eastward. As mentioned previously, I traced the Naashoi
bito Member to the vicinity of Cuba, New Mexico, and 
found that it is a persistant unit. Since the charac
teristics of the upper part of the Kirtland Shale in the 
eastern San Juan Basin, are identical to those of the 
Naashoibito Member of the Kirtland Shale in the western 
part of the San Juan Basin, I believe that the fine- to 
coarse-grained conglomeratic sandstone and sandy shale 
forming the upper part of the Kirtland Shale should be re
ferred to as the Naashoibito Member of Baltz et al. (1966).
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The field work done by Ealtz (1967, pp. 21-30, 

and pis. 2-6) and my field work north of the area of 
Baltz’s report, indicate to me that the Naashoibito Member 
represents a series of overlapping deposits extending to 
the southwest from a probable source area in the north
east. In the northeastern part of the San Juan Basin, the 
Naashoibito Member is composed of over 300 feet of con
glomeratic sandstone and some interbedded shales. South
ward it is thinned by an erosion surface at the base of 
the overlying Gallegos Sandstone until, in the southern 
and western parts of the San Juan Basin, it is less than 
100 feet thick and, in some places, is completely removed 
prior to the deposition of the Gallegos Sandstone. The 
Naashoibito Member comprises over BO percent of the total 
thickness of the Kirtland-Fruitland Formations undivided 
in the eastern San Juan Basin, while in the western part of 
the basin, at its type locality near 0 jo Alamo Arroyo it 
comprises less than five percent of the total thickness of 
the Kirtland Shale and Fruitland Formation.

The Gallegos Sandstone and underlying Kirtland 
Shale are separated by an erosional unconformity. The 
unconformity is angular in places and is quite prominent. 
Locally, however, because of similar lithologic appear
ances, the two formations are difficult to separate.
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The Gallegos Sandstone is identical in litho

logy in both eastern and western parts of the San Juan 
Basin. The formation is a coarse-grained conglomeratic 
arkosic sandstone. It contains medium- to large-scale 
trough, wedge-planar, and tabular-planar crossbedding.
The average direction of dip of the cross-strata for the 
entire San Juan Basin is 138°, although in the eastern 
part of the basin it is 127°. The difference may be due 
to a slight regional variation or possibly to differences 
in sampling. Because of vegetation cover and poor 
exposures due to faulting and folding, only limited 
number of localities of Gallegos Sandstone exposures could 
be adequately sampled in the eastern part of the San Juan 
Basin. A detailed discussion of crossbedding parameters 
of the Gallegos Sandstone will be presented in the section 
of this study on the analysis of sedimentary structures.

The Gallegos Sandstone varies from approximately 
110 feet thick (Baltz, 196?, pp. 31-32) in the south
eastern San Juan Basin to nearly 200 feet thick in the 
northeast (Baltz, 1967, p. 3%). The thickening toward the 
north or northwest corresponds to the thickening toward 
the northwest in the western half of the basin. From 
stratigraphic similarities in the eastern and western 
parts of the San Juan Basin, the source area for the Gal
legos Sandstone appears to be toward the northwest.



Except in the extreme north, the Gallegos Sand
stone in the eastern half of the San Juan Basin contains 
very few pebbles. Baltz (196?. p. 33) states that the 
coarsest gravel in his report area the southeastern San 
Juan Basin was "in the northeastern part of T. 23 N.,
R. 1 W., the southeastern part of T. 24 N., R. 1 W., the 
southwestern part of T. 24 K., R. 1 E., evidence . . . 
favoring a postulated source area to the east or north
east. " I examined the areas where Baltz found these 
pebbles.and it appeared to me that most, if not all, of 
these gravels had weathered out of a higher stratigraphic 
unit (possibly the basal San Jose Formation) and had 
come to rest on the Gallegos Sandstone. Even if the 
pebbles were in place in the Gallegos Sandstone, solitary 
concentrations of pebbles do not necessarily indicate 
source direction. The largest pebbles found in the 
Naashoibito Member of the Kirtland Shale are in the 
vicinity of 0jo Alamo Arroyo, but all evidence suggests 
that the Naashoibito Member has its source area in the 
northeast, not in the west as one might suppose from the 
pebbles alone.

The Gallegos Sandstone grades upward and is 
conformable with the overlying llacimiento Formation of 
Early to Middle Paleocene age. As noted in previous sec
tions of this paper, some earlier workers thought there
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was a prominent erosional unconformity at the base of the 
Nacimiento Formation. O ’Sullivan and Beikman (1963, 
sheet 1) and Baltz, Ash, and Anderson (1966, pp. D14-D15) 
have demonstrated that the Ivacimiento-Gallegos contact 
is gradational and, in several areas, the formations 
intertongue.

Because of intertongueing and the gradational 
nature of the contact between the Gallegos Sandstone and 
the Nacimiento Formation, the formations are difficult to 
separate and map. This is further complicated in the 
eastern part of the San Juan Basin where the lithologies 
of the two formations are similar. The Nacimiento For
mation is composed of variegated shales, mudstones, and 
sandstones. Toward the northern part of the San Juan 
Basin the Nacimiento Formation becomes predominantly 
sandstone and shaly sandstones. The sandstones of the 
Nacimiento Formation contain relatively more clays and 
silts in their matrix and the quartz:feldspar ratio is 
generally lower in the Nacimiento Formation than it is in 
the Gallegos Sandstone. The bedding of the Nacimiento 
Formation is less distinct and shows less crossbedding 
than the Gallegos Sandstone, in the field the two for
mations can be separated by the increase in shale, decrease 
in grain size, lack of distinct crossbedding, and decrease 
of the quartz:feldspar ratio in the Nacimiento Formation.



Although the general stratigraphic relationships 
of the eastern San Juan Basin can be recognized fairly 
readily, the similarities between the Kirtland Shale, the 
Gallegos Sandstone, and the Nacimiento Formation are 
complex enough to antiquate most of the mapping done in 
this area. The problem presented by the Animas Formation 
is extremely complex in itself: whether it should be
considered a formation composed of the McDermott Member 
and an upper member, and which intertongues or is grada
tional with the Kirtland Shale, the Nacimiento Formation, 
and the Gallegos Sandstone; or whether it should be 
considered a group composed of several separate formations. 
I believe that the latter approach is probably more 
realistic, but the stratigraphy and relationships of these 
units must be determined in much greater detail before the 
problems are resolved.



ANALYSIS OF SEDIMENTARY STRUCTURES

Previous studies on the geology of formations 
near or adjacent to the Cretaceous-Tertiary boundary in 
the San Juan Basin have dealt largely with non-quant1- 
tative stratigraphic problems; sedimentary structures have 
usually been described in very little detail. Quantita
tive measurements of such parameters as crossbed directions, 
variation in grain size, or pebble imbrication are almost 
non-existant.

In 1924, Reeside (pp. 29-30) suggested that
because pebble types in the 0jo Alamo Sandstone are not
common in present day river gravels in the San Juan Basin,
the sediments of the Gallegos Sandstone [his 0jo Alamo
Sandstone] were derived from the east or south. E. K.
Baltz (1967, p. 33) states that he and R. B. O'Sullivan

. . . measured the strikes of numerous channel 
edges and the dips and strikes of foreset beds and 
laminae in the 0 jo Alamo [Gallegos Sandstone of this 
paper] near Farmington, and these measurements in
dicate that in this part of the basin the western 
part the 0jo Alamo was deposited by streams flowing from the westnorthwest and the northwest, 
probably from a highland in the position of the 
western part of the present San Juan Mountains.

C. H. Dane (1936, p. 118) observed that the grain-size of
the Gallegos Sandstone [his 0 jo Alamo Sandstone] increased
toward the east in the southern part of the basin. Baltz
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(1967. p. 33) also favored an eastern source area for the 
Gallegos Sandstone [his 0 jo Alamo Sandstone restricted] 
in the eastern part of the San Juan Basin.

Crossbed Analysis
The primary purpose of this study was to determine 

the direction or directions to the source area(s) of the 
Gallegos Sandstone. In the 1971 field season, a total of 
more than 7,000 measurements were made of direction of 
cross-strata at 69 localities along the outcrop belt of 
the Gallegos Sandstone. In addition, several hundred 
cross-strata measurements were made in the basal sandstone 
bed of the Naashoibito Member of the Kirtland Shale.

Cross-strata were measured using a Brunton 
Compass to determine direction of dip of cross-strata and 
the angle of dip. For each set of cross-strata measured, 
the type and scale of bedding were also recorded. 
Measurements were then synthesized by the University of 
Arizona CDC 6400 computer to determine the average 
direction of dip and the consistency of the results ob
tained. The basic equation used in the computer program 
(written in Fortran language) for the calculation of the 
average direction of dip is

TAN = SUMSIN/SUMC0S
where TAN is the tangent of the average direction of dip, 
SUMSIN is the sum of all sines of the directions of dips at
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a particular locality, and SUMCOS is the sum of all cosines 
of the directions of dips for that locality. Average 
cross-strata directions were computed for each separate 
locality so that different parts of the San Juan Basin 
could be analyzed separately. This was necessary in order 
to determine if more than one transport direction was 
significant.

The consistency of measurements, made at a 
particular locality, was determined by using the equation 
(written in Fortran language)

CP = ((SUMSIN2 + SUMCOS2)*)/SUMNO 
where CF is the consistency factor of the measurements, 
and SUMKO is the sum of all cross-strata measurements 
made at that locality. By multiplying the CF by 100 the 
consistency may be expressed in percent. A sample computer 
program for the calculation of the average direction of 
dip and the consistency factor is given in Appendix C. This 
program would have to be slightly altered for use with 
computers other than the CDC 6400.

In addition to calculating the consistency and 
average direction of dip for each locality, the averages 
for the entire Gallegos Sandstone was computed. The 
average direction of dip of cross-strata in the Gallegos 
Sandstone was found to be 138°, and the average consis
tency for the formation as a whole was found to be 73
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percent. By recalculating, and using only those locali
ties with a consistency greater than 50 percent, the 
average direction remained 138°, and the consistency was 
increased to nearly 80 percent.

Comparison of the average directions in different 
parts of the San Juan Basin shows that there is only one 
major transport direction responsible for the deposition 
of the Gallegos Sandstone (see Figure 4). Based on this 
study of cross-strata there is no source area to the east 
or northeast as postulated by Dane and Baltz, and there is 
none to the south as suggested by Reeside. As will be 
shown in later parts of this section, evidence from grain- 
size analysis and mineralogic analysis support this
single direction of transport.

1
Sedimentation Model of the Gallegos Sandstone

It has been suggested, by various authors, that 
the sediments of the Gallegos Sandstone represent, in 
whole or in part, a pediment gravel, dune sand, an alluvial 
fan, or several coalesced alluvial fans. In the following 
paragraphs several sedimentary models will be compared with 
sedimentation features of the Gallegos Sandstone.

The alluvial fan model is shown in Figure 5* The 
model is centered over the outcrop area of the Gallegos 
Sandstone and is oriented to the major direction of sedi
ment transport. The solitary alluvial fan has a relatively
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small apex pointing toward the source area. Barring 
natural restrictions, and if the fan is of sufficiently 
large size, a true fan-like shape evolves. Crossbed 
directions measured at various points on the alluvial 
fan reflect the transport direction from the source area 
to those points. The sum total of all points on the fan 
will give the major axis of orientation; on a perfectly 
formed alluvial fan the major axis of orientation bisects 
the fan.

Figure 5 shows that for a solitary alluvial fan 
current dispersal from the apex outward is quite great.
If the Gallegos Sandstone represents a solitary alluvial 
fan, a similar dispersal pattern should become evident in 
the crossbed analysis. Crossbeds in the Gallegos Sandstone 
do not show a great amount of dispersal. Although there 
is some dispersal (see Figure 4), it is not as great as 
would be expected from the alluvial fan model.

Even though the solitary alluvial fan model does 
not coincide with the crossbed dispersal pattern of the 
Gallegos Sandstone, the dispersal pattern of several 
overlapping or coalescing alluvial fans is quite similar. 
Figure 6 shows that several coalescing alluvial fans with 
adjacent apices in the source area could have one major 
transport direction. If the separate identity of each 
fan is ignored and the deposit treated as a single unit,



N
E

W
 

M
E

X
IC

O

135°  140*

Figure 6. Coalescing Alluvial Fans Model. Uxo



the dispersal pattern can be highly irregular* and locali
ties that are adjacent laterally or stratigraphically 
may have average crossbed directions that differ by as 
much as 90°. A comparison of adjacent localities in the 
Gallegos Sandstone (see Figure 4 and Appendix B) shows 
that few adjacent localities differ by significant 
amounts in theri average cross-strata directions. At 
several localities, crossbed dip directions were measured 
at various stratigraphic intervals. These measurements 
indicated that crossbed directions, and hence direction 
of transport, do not vary significantly at different 
stratigraphic levels within the Gallegos Sandstone.

The sedimentation model of the coalescing 
alluvial fans, as well as that of the solitary alluvial 
fan, requires a very thick accumulation of sediments in 
the basin of deposition. The thickness of modern day 
alluvial fans is often several hundred feet, and these 
fans are relatively small in comparison with the areal 
extent of the Gallegos Sandstone. To generate the sedi
ments of the Gallegos Sandstone using a solitary alluvial 
fan or using several coalescing alluvial fans, would 
require a very high source area and several thousand 
feet of accumulated sands and gravels. The Gallegos Sand
stone, as mentioned previously, goes from a maximum thick
ness of 300 feet in the northern part of the San Juan Basin
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to less than 100 feet thick in the southern portion.
Since there is an unconformity at the base of the Gallegos 
Sandstone and it is gradational with the overlying 
Nacimiento Formation, there is no reason to suspect that 
parts of the Gallegos Sandstone have been greatly reduced 
in thickness.

Several other salient features of alluvial fan 
deposition are in discord with the sediments of the 
Gallegos Sandstone. Alluvial fans are often oxidized, and 
plant fossils are rare, especially in deposits of gravel.
In the Gallegos Sandstone, however, plant fossils are 
fairly common, and fossil logs as much as 50 feet long are 
often associated with deposits of gravel. The differences 
between adjacent and coalescing alluvial fans are quite 
discernible, and separate fans can be distinguished on the 
basis of lithologies long after they become topographically 
indistinct from one another. The conglomeratic sandstones 
of the Gallegos Sandstone are fairly uniform in composition, 
and lithologic differences within the formation can be 
ascribed more easily to distance from the source area than 
to separate deposits. On modern day alluvial fans, cut 
and fill structures are common toward the fan apices but 
are rare near the toes of most fans. These cut and fill 
structures are common throughout the deposits of the 
Gallegos Sandstone.



A pediment gravel is, by definition, a thin 
veneer of gravel covering an inclined, planar erosion 
surface developed on bedrock (cf. American Geological 
Institute, 1966, p. 214), The thickness of the Gallegos 
Sandstone precludes it from being considered a pediment 
gravel, although it is possible that the Gallegos Sand
stone received sediments removed from the surface of a 
pediment and redeposited on an alluvial plane. Gravel 
deposits formed on the erosion surface developed on the 
Kirtland Shale in the western part of the basin (cf. page 23 
of this paper) and later incorporated in the Gallegos 
Sandstone may represent a pediment gravel that was formed 
prior to the deposition of the Gallegos Sandstone.

In Figure 7. the sedimentation model for an 
alluvial plain is shown. Like the previous models, this 
one is centered over the Gallegos Sandstone outcrop 
pattern and is oriented with respect to the major trans
port direction. The alluvial plain model has a much 
larger source area than the solitary alluvial fan. The 
increased frontal of the source area correspondingly 
creates a more uniform dispersal pattern for crossbed 
directions. A comparison of the alluvial plain model and 
the crossbed directions and their dispersal in the Gallegos 
Sandstone shows that the two are quite similar.

The deposits of the Gallegos Sandstone probably 
conform more closely to what would be expected on an
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alluvial plain than to the solitary alluvial fan, 
coalescing alluvial fans, or pediment gravel models of 
sedimentation. The most likely source area for the 
Gallegos Sandstone is in the area of the western flank of 
the modern San Juan Mountains. The alluvial plain of the 
Gallegos Sandstone may have been fed by numerous fan 
deposits. Fan deposits would develop as the rate of 
tectonic uplift exceeded the competency of streams to 
remove the rock. As the rate of uplift to the rate of 
erosion decreased streams would be able to remove sands and 
gravels from the alluvial fans and redeposit them on an 
alluvial plain. As the rate of uplift to rate of erosion 
decreased still further, the sands and gravels would have 
more time to chemically and physically break down into 
finer sediments; eventually developing a floodplain of 
silts and clays and channel deposits of sand. The gradual 
change of depositional regime from alluvial plain to flood 
plain offers one explanation for the gradational and 
intertongueing nature of the contact between the Gallegos 
Sandstone (alluvial plain deposits) and the Kacimiento 
Formation (flood plain deposits).

Grain Size Analysis
During the 1971 field season, I collected sand

stone samples at each locality where cross-strata measure
ments were made, for the purpose of sieve analysis and the
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determination of various statistical parameters. Samples 
were collected at five foot intervals starting at the base 
of the Gallegos Sandstone (or at the base of the outcrop 
if the base of the formation was not exposed).

Samples were sieved using U. S. Standard Sieves 
at a one-half phi (0) interval from -2.0 0 to 4.0 0; grains 
less than 4.0 0 in size were collected in the pan. Grains 
larger than -0.5 0 were saved for determining the silica: 
volcanics ratio, and the fraction retained on the 4.0 0 
sieve was saved for analysis of heavy mineral content.

The analysis of statistical parameters for each 
sample was done using the University of Arizona GDC 6400 
computer to calculate modal grain-size, mean grain-size, 
sorting, skewness, and kurtosis. A sample computer program 
for the calculation of these statistical parameters is 
given in Appendix C.

The modal grain-size is the most common size 
based on the percent weight of sample found in each 0 
class. The average modal size for each locality was cal
culated and mapped as shown in Figure 9. From the iso- 
graphs drawn on Figure 9» it can be seen that the distri
bution of modal grain sizes fits very closely to the 
direction of transport previously calculated from the 
directions of dips of cross-strata. Points that are an 
equal distance downstream from a common source area and
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that were transported "by streams having similar character
istics, should lie on the same modal grain-size 
isograph. These isographs are, in turn, perpendicular to 
the axis of sediment transport and constitute the depo
sit ional strike. The modal values were used to give a 
preliminary indication of how closely the cross-strata 
transport directions would be complimented by the grain- 
size analysis.

The mean grain size was calculated using the 
Folk and Ward (1957) mean grain-size equation (written in 
Fortran language):

(phi!6 + phi50 + phi84)/3.
The values for phil6, phi50, and phi84 had to be deter
mined graphically (since no computer program was available 
for a least-squares determination of grain-size para
meters) by plotting the cumulative percentage versus the 
0 size. Since this method is used commonly in the figuring 
of grain-size parameters, there is no need to go into a 
lenghthy discussion of it here. After determining the mean 
grain-size for each sample the average for each locality 
was plotted as shown in Figure 10.

In Figure 10, isographs are drawn to show the 
distribution of sand sizes. A comparison with the previous 
figure will show how closely these maps resemble each 
other. In Figure 10, the distance between isograph 1.2 0
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Figure 10. Mean Size of Sand Grains in the Gallegos Sandstone. (Calculated 
from Folk and Ward C19573 Mean Grain Size Equation.)
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and 1.5 0 Is greater than the corresponding distance 
between isographs 1.5 0 and 2.0 0. This indicates that 
the paleoslope may have decreased south of isograph 1.5 0, 
causing the larger particles to drop out of traction as 
the streams became less competent.

Sorting was calculated using the Folk and Ward 
(1957) equation (shown in Fortran language) for sorting: 

(phiS4 - phil6)/4.0 + (phi95 - phi5)/6.6, 
where again phi5. phil6, phi84, and phi95 have to be 
calculated graphically before the sorting equation can be 
used. The sorting of each sample was summed and the 
average sorting for each locality was determined and 
plotted as shown in Figure 11. The Folk and Ward (1957) 
values and their corresponding descriptive term are given
below:

0.35 very well sorted
0.35-0.50 well sorted
0.50-1.00 • moderately sorted
1.00-2.00 poorly sorted
2.00-4.00 very poorly sorted

4.00 extremely poorly s<
Locality 67 in the extreme eastern part of the San Juan 
Basin had the best sorted sandstone with a value of 0.60, 
which approaches being well sorted. Localities 34 and 56 
had the least well sorted sediments with values of 1.24
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Figure 11. Sorting of the Gallegos Sandstone. (Calculated from Folk and Ward 
£19573 Sorting Equation.)
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(poorly sorted). In general, sorting becomes better to
ward the southeast, and as shown in Figure 11, isographs 
can be drawn that are approximately perpendicular to the 
direction of transport. The hinge line between moder
ately sorted and poorly sorted sediments is in the 
approximate location of the 1.5 0 isograph of Figure 10.

Skewness was measured using the skewness 
equation given by Folk and Ward (1957):

((phil6+phi84)-2(phi50))/2(phi84-phil6) +
((phi5+phi95)-2(phi50))/2(phi95-phi5).

The Folk and Ward (1957) values for skewness and their 
corresponding descriptive term are given below:

—1.00 to —0.30 
-0.30 to -0.10 
-0.10 to +0.10 
+0.10 to +0.30 
+0.30 to +1.00

very negatively skewed 
negatively skewed 
nearly symmetrical 
positively skewed 
very positive skewed 

The skewness of the Gallegos Sandstone varies from 0.14 
to 0.57, being positive skewed to very positive skewed.
The average calculated for all samples was 0.32. Of the 
nearly 200 sandstone samples analyzed, only two were 
negative skewed, and one was symmetrical. Values of skew
ness have no directional value in the Gallegos Sandstone, 
but are presented here for possible future comparison with 
other sedimentary deposits.
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Kurtosis was calculated using the Folk and Ward 

(1957) equation:
(ph!95 - phi5)/((2.44)(phi?5 - phi25)).

The Folk and Ward (1957) values for kurtosis and their 
corresponding descriptive term are listed below:

0.67 very platykurtic
0.67-0.90 platykurtic
0.90-1.11 mesokurtic
l.H-l.50 leptokurtic
1.50-3.00 very leptokurtic

3.00 extremely leptokurtic
The samples of the Gallegos Sandstone varied from 0.59 
to 1.53. or from very platykurtic to very leptokurtic.
The average for all the samples analyzed was 0.87 
(platykurtic), and values greater than 1.00 were uncommon. 
As with values of skewness, there is no apparent relation
ship between kurtosis and the direction of transport in the 
Gallegos Sandstone. The data is presented here for 
possible comparison with other sedimentary deposits.



MINEBALOGIC ANALYSIS

During the sieving of the sandstone samples 
collected from the Gallegos Sandstone, the fraction 
greater than -0.5 0 (granule size and larger) and the 
very fine grained sand fraction were both saved for miner- 
alogic analysis. In addition, collections of pebbles were 
made from both the Gallegos Sandstone and the Naashoibito 
Member of the Kirtland Shale. The purpose of the pebble 
collection was to determine if the pebble mineralogy 
would indicate direction of transport.

Analysis of Pebble Mineralogy 
‘ J. B. Reeside, Jr. (1924, p. 29) described the 

pebbles from the Gallegos Sandstone [his 0jo Alamo Sand
stone] as including:

. . .  a highly varied assortment of resistant sili
ceous materials. Perhaps two-thirds are of jaspery 
quartz of a striking, brilliant red color; chert 
of various shades of brown, gray, and black; vein 
quartz; pink, white, and rarely gray quartzite; and 
hard brown sandstone. The remaining third includes 
silicifled rhyolite, andesite, and other porphyr- 
ites, and rarely granite, gneiss, and schist.

E. H. Baltz and others (1966, p. DIO) reported that the
pebbles of both the Naashoibito Member and the Gallegos
Sandstone [their 0 jo Alamo Sandstone restricted] were the

65



66
same in lithology, being mostly "pinkish to gray quartz 
and quartzite, but other rock types, such as granite, 
rhyolite, porphyriti'c intermediate volcanic rocks, and 
gray, yellow, red, and green chalcedony are common. Peb
bles of fossiliferous silica-replaced Paleozoic limestone 
are present also."

Based on field work for this study, in which more 
than 9,000 pebbles were examined, the pebble lithology of 
the Gallegos Sandstone is composed of nearly equal amounts 
of siliceous and volcanic rock pebbles in the northern 
part of the San Juan Basin. Toward the south, the volcanic 
rock pebbles rapidly decrease in number until the formation 
is practically a chert-quartzite pebble conglomerate. The 
volcanic rocks are mostly porphyritic rhyolite, with very 
little porphyritic andesite or other volcanic rocks. Ba
salt, dacite, and other basic and intermediate volcanic 
rock pebbles also occur, but these are much less common 
than rhyolitic pebbles. Chert is the single most common 
rock type, and usually averages more than 40 percent of 
the total number of pebbles at any particular locality. 
Quartz (including quartzite) is the only other rock type 
that occurs with reasonable abundance throughout the 
Gallegos Sandstone. Locally, concentrations of sedimen
tary rock pebbles, such as shale, clay and silt, and
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sandstones, are common, especially in the northwestern 
part of the San Juan Basin.

An early examination of the pebble types in the 
Gallegos Sandstone showed me that direction of transport 
might be reflected in a ratio between silica pebbles and 
volcanic rock pebbles. At each locality, where sufficient 
pebbles could be found, approximately 300 pebbles were 
collected, broken, and examined under a hand lens, and 
the rock type was recorded. Most of the pebbles had to 
be broken before accurate identification was possible, 
because of frosted and pitted surfaces and common encrus
tations of hematite and limonite. The pebble types were 
categorized as to whether they were volcanic rocks, 
feldspar, metamorphic rocks, quartz or quartzite, clay, 
or pebbles of shale or sandstone. A summary of the data 
collected is shown in Table 1. The ratio of silica: 
volcanics, which has been mentioned in several previous 
sections of this paper, is determined by:

total percentage of (quartz + quartzite + chert): 
total percentage of (volcanic rocks).

Quartz, quartzite, and chert were combined because they 
are equally resistant to chemical and physical abrasion.

Initially, the ratio of silica:volcanics and the 
percentages for the various pebble types was calculated 
for each group of 100 pebbles until a total of 500 pebbles
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had been counted for a particular locality. From these 
first studies, it became apparent that as few as 200 
•pebbles randomly collected from each locality would give 
an accurate representation of the pebbles present and 
their relative abundance. Pebbles were collected in 
place from the sandstone; in no case were the pebbles 
collected as float or talus samples. The Gallegos Sand
stone, in most places, is friable enough to permit 
collecting the pebbles directly from the matrix. Col
lections were usually made by marking a strip two feet wide 
and vertically through as much of the stratigraphic section 
as was exposed. From this method of collecting, two 
generalizations could be made about the pebbles of the 
Gallegos Sandstone; (1) the pebble size decreases 
towards the top of the stratigraphic section and also 
towards the south; and (2) the silica;volcanics ratio 
increases toward the top of the section and toward the 
south.

Figure 12 is a map showing localities where 
pebbles were collected and the silica;volcanics ratio 
calculated for each locality. The highest ratio of 
silica;volcanics is 85:10 at locality 44 in the southern 
part of the San Juan Basin, and the lowest silica;vol- 
canics ratio is 36;59 at locality 1?. Isographs are drawn 
through points having approximately the same ratio, and



Figure 12. Ratio of Silica to Volcanic Rock Pebbles in the Gallegos Sandstone. o
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these can be seen to be perpendicular to the direction of 
sediment transport, previously calculated by the cross
strata measurements. It is especially noteworthy that 
large pebbles of quartzite, which are common in the Kaa- 
shoibito Member of the Kirtland Shale, increase markedly 
in number in the vicinity of Brimhall Wash, where the 
Naasholbito Member is almost completely removed by the 
erosion surface at the base of the Gallegos Sandstone.

On Figure 12, the isographs of 45:^5 and 40:50 
are much farther apart than the corresponding isographs of 
45:45 and 50:40, this again reflecting a possible break 
in the paleoslope that was hypothesized from Figures 9 
and 10. Pebble size also decreases rapidly south of this 
area, which lends further support to the idea of a slight 
break in the paleoslope of the Gallegos Sandstone.

Heavy Mineral Analysis
Heavy minerals were separated from the very fine 

grained sand fraction (4 0) using Tetra Bromethane 
(specific gravity 2.96) and centrifuge method. Samples 
for heavy mineral analysis were chosen from fairly complete 
stratigraphic sections, with an average of five samples per 
locality. The heavy minerals were mounted and examined 
under a petrographic microscope with a point-counting stage 
and more than 300 point counts per slide were recorded.
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The most common mineral in nearly all of the 

slides is a brown or yellow, nearly opaque, very angular 
grain. The mineral was identified as iron-stained barite 
using X-ray analysis. The identification is supported 
by the recognition of some barite grains under the pol
arizing microscope, which had not been stained or coated 
in an Fe-rich encrustation. Barite has a hardness of 3.0, 
and a specific gravity of 4.5. Zircon is the second most 
common heavy mineral in the Gallegos Sandstone, comprising 
from 20 to 40 percent of the total content. Zircon has a 
hardness of ?.5» and a specific gravity of 4.5 to 4.?. 
Tourmaline is found less commonly than the two previous 
minerals, but locally comprises more than 20 percent of the 
total heavy mineral content. Tourmaline has a hardness of 
7 to 7.5, and a specific gravity of 2.98 to 3.20.

In two samples, 20-g and 38-d, epidote is one of 
the major minerals. Sample 20-g is 36.5 percent epidote, 
and sample 38-d is 91.0 percent epidote. Epidote has a 
hardness of 6 to 7 and a specific gravity of 3.25 to 3.50. 
Other heavy minerals identified from the Gallegos Sandstone 
include garnet, biotite, rutile, monazite, and staurolite, 
and a summary of their characteristics appears in Table 2 . 
Table 3 is a summary of all the point coints made from 
slides of heavy minerals from the Gallegos Sandstone.



Table 2. Characteristics of major heavy minerals from the Gallegos Sandstone.

MINERAL HARDNESS DENSITY CLEAVAGE OCCURRENCE

Barite

Zircon

Tourmaline

Epidote

Garnet

Monazite

3.0

7.5

7.5

7.0

7.0- 7.5

5.0- 5.5
7.0

4.5 perfect

4.5-4.7 indistinct

2.98-3.20

3.6- 4.3

4.6- 5.4 
3-7-3.8

poor

3.25-3.50 perfect

none

distinct
distinct

Limestone metamor- 
phisis; vein mineral

Acid and intermediate igneous rocks
Granite, pegmatites schist, gneiss, meta
morphosed limestone
Metamorphic and altered 
igneous rocks
All Igneous and meta
morphic rocks
Acid igneous rocks
SchistsStaurolite



Table 3. Point count summary of heavy mineral slides from the Gallegos Sandstone.

LOCALITY ZIRCON TOURMALINE BARITE EPIDOTE K0NAZITE OTHER TOTAL PTS.
23-b 14.2 0.0 84.0 0.0 0.5 1.3 382
23-c 24.8 0.0 67.5 " 0.0 3.5 370
23-d 26.4 0.0 60.9 0.3 6.1 6.4 311
23-f 20.9 0.0 69.9 0.0 3.0 7.0 329
23-S 17.0 0.0 78.5 0.0 2.4 2.1 334
23-h 27.0 0.0 62.6 0.0 7.2 7.2 318
20-c 15.8 0.6 69.5 0.0 2.2 12.7 323
20-d 14.5 2.6 • 76.2 0.0 2.6 2.9 309
20-e 14.6 21.8 57.5 0.0 3.1 3.1 321
20-f 31.3 8.5 45.7 0.0 2.9 11.7 307
20-g 15.2 2.2 43.2 36.3 1.9 1.2 317
20-h 17.9 2.7 75.4 0.0 1.5 2.7 335
20-i 32.6 11.8 50.3 0.3 1.0 3.8 307
20-j 26.9 2.4 64.0 0.0 2.4 4.5 334
2-e 33.0 8.4 47.5 2.4 5.7 3.3 333
2-f 37.0 0.9 48.5 2.7 2.1 8.9 325
2-s 42.8 0.3 53.4 0.0 1.6 1.9 306
2-h 34.0 3.2 55-9 0.6 1.6 4.5 306
2-i 35-9 5.5 50.4 2.6 1.8 3-4 381

38-a 22.2 5.0 63.0 1.0 1.6 7.5 308
38-b 27.3 I6.5 46.5 0.0 0.0 9.9 334
38-d 7.4 0.0 1.6 91.0 0.0 0.0 363
38-e 30.8 4.2 59.0 1.5 4.5 3.0 331

4̂



Table 3*— Continued
LOCALITY ZIRCON TOURMALINE BARITE

48-a 39.7 2.5 54.7
48-b 40.9 6.0 46.548-c 31.8 4.4 57.6
48-d 37.8 5.9 53.0
48-e 31-5 21.7 41.4
62-a 43.0 0.0 52.0
62-b 39.5 3.5 50.0
62-c 29.0 14.5 51.6
62-d 35-6 10.4 49.0
64-c 36.1 15.7 30.2
64-d 32.5 24.0 21.4
64-e 24.0 5.1 63.O
64-f 46.9 4.2 41.2
66-a 25.4 8.1 59.8
66-b 20.5 7.1 65.9
66-c 15.9 3.0 77.0

EPID0TE MONAZITE OTHER TOTAL PTS
0.0 0.6 2.7 326
0.6 0.0 6.3 318
0.6 0.6 5-0 321.
0.0 0.6 . 4.9 307
0.0 0.9 4.6 327
0.5 1.5 3.0 309
0.0 0.5 6.5 3310.0 . 0.0 5.4 320
0.3 0.7 4.0 301
0.0 0.0 17.6 306
0.3 1.6 20.1 308
0.6 0.0 7.2 333
0.3 1.0 6.4 311
1.2 1.5 3.7 . 322
1.2 0.3 5.3 322
0.6 1.4 2.7 333

-oV x
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The average ratio of zircon-tourmaline:barite 

for each locality, where heavy minerals were examined, 
was mapped as shown in Figure 13. Zircon and tourmaline 
were combined because they have approximately the same 
hardness. Because of their hardness, zircon and tourmaline 
are more resistant to physical abrasion than is barite.
For this reason the zircon-tourmaline:barite ratio should 
increase as distance from the source area is increased. 
Approximate isographs are drawn on Figure 13 and these 
indicate that even the zircon-tourmaline:barite ratio seems 
to support the direction of transport for the Gallegos 
Sandstone originally suggested from cross-strata measure
ments. The mineralogic analysis of both the pebbles and 
the heavy mineral content shows that the Gallegos Sandstone 
had a single source area, probably in the vicinity of the 
western portion of the present day San Juan Mountains, and 
that the Gallegos Sandstone was deposited by streams 
moving towards the southeast.



Figure 13. Ratio of Zircon-tourmaline to Barite in the Gallegos Sandstone. 
(Ratio Calculated from the Heavy Mineral Content in the 4 0 Fraction.)

-o*v3



PALEONTOLOGY

Edward Drinker Cope wrote the first accurate 
descriptions of fossils from the San Juan Basin, New 
Mexico (Cope, 1881 to 1888). His publications dealt 
largely with what are now referred to as the Puerco and 
Torrejon faunas' of the Paleocene Nacimiento Formation.

The collections made by Barnum Brown along Ojo 
Alamo Arroyo were briefly described in 1904, including the 
type specimen of Kritosaurus navajovius Brown, a hadro- 
saurian dinosaur. In 1908 James Gardner of the U. S. 
Geological Survey made a small collection of vertebrate 
fossils from the San Juan Basin, and in the following 
year returned with J. W. Gidley of the U. S. National 
Museum and made a second collection. In 1912 W. J. Sin
clair and Walter Granger collected Paleocene vertebrate 
fossils from the Nacimiento Formation and collected a few 
reptilian fossils from what is now called the Naashoibito 
Member of the Kirtland Shale [Ojo Alamo Beds of their 
paper]. They also found a single weathered centrum of a 
dinosaur caudal vertebra resting on an erosion surface 
of the Gallegos Sandstone [the upper conglomeratic bed of 
the Ojo Alamo Beds of their paper]. Until recently this 
was the only vertebrate fossil known questionably from the 
upper conglomerate.

78



In 1915 C. M. Bauer, assisted by J. B. Reeside,
Jr,, procured a large collection of mostly fragmentary 
reptilian fossils from the Naashoibito Member of the 
Kirtland Shale [0 jo Alamo Sandstone of Bauer], the 
Kirtland Shale, and the Fruitland Formation. Descriptions 
of these fossils were published in 1916 by Charles W. 
Gilmore. During the 1917 field season J. B. Reeside, Jr. 
and F. R. Clark made' a collection of vertebrate fossils 
from the Nacimiento Formation, the Naashoibito Member 
Cojo Alamo Sandstone of Bauer], the Kirtland Shale, and 
the Fruitland Formation. Descriptions of these fossils 
were published in 1919 by Charles W. Gilmore.

In 1921 the scapula and ischium of a large 
Cretaceous sauropod were collected by J. B. Reeside, Jr. 
just above the basal conglomeratic sandstone of the Naa
shoibito Member [the 0 jo Alamo Sandstone of Reeside]. These 
fossils were described by Charles W. Gilmore in 1922 as 
the type specimen of Alamosaurus sanjuanensls Gilmore. It 
is noteworthy that sauropod remains are relatively uncommon 
in Late Cretaceous deposits.

Further collections of vertebrate fossils were 
made in the San Juan Basin Cretaceous formations by C. W. 
Sternberg in 1923 and by a field party from the U. S. 
National Museum in 1929. Descriptions of many of these 
fossils were made by Charles W. Gilmore in 1935. Gilmore

79
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also synthesized descriptions published by Carl Wiman in 
1930, 1931. and 1933 from material collected by C. Yf. 
Sternberg for the University of Upsala, Sweden. One of 
the fossils collected by Sternberg in 1923 was purchased 
by the Chicago Natural History Museum, but was not 
described until 1963 in an article by John H. 0strom. This 
specimen was a nearly complete skeleton of a hadrosaurian 
dinosaur, and is the type for Parasaurolophus cyrto- 
cristatus Ostrom.

In 1966, Elmer H. Baltz, Sidney R. Ash, and 
Roger Y. Anderson reviewed the literature and redefined 
the 0jo Alamo Sandstone [Gallegos Sandstone of this paper]. 
By this redefinition, the original 0 jo Alamo fauna was 
made a part of the Kirtland fauna, while the litho- 
stratigraphic term 0 jo Alamo Sandstone was restricted to 
the upper conglomerate. As noted elsewhere in this paper,
I propose that the terms 0 jo Alamo fauna and 0 jo Alamo 
Sandstone be used no longer.

The faunas of the Kirtland and Fruitland for
mations are very similar, and present differences in the 
faunal lists can be attributed to errors in collecting 
almost as easily to true differences between the two 
faunal lists. Recent work being done by William Clemens 
in the San Juan Basin will undoubtably enable a more accurate
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subdivision of the faunas (based on Cretaceous mammals) 
than is currently possible.

Because of past indiscriminate collecting, the 
faunas of the Kirtland Shale and the Fruitland Formation 
can only be subdivided into three rather general bio- 
stratigraphic zones; the fauna contained in rocks assigned 
to the Fruitland Formation, the fauna contained in the 
lower shale member, Farmington Sandstone Member, and 
upper shale member of the Kirtland Shale, and the fauna 
contained in rocks assigned to the Kaashoibito Member of 
the Kirtland Shale. These faunas are listed below.

Fruitland Fauna
SUBCLASS AMPS IDA

Order Chelonia
Iveurankylus baueri Gilmore 
Baena nodosa Gilmore 
Adocus boss! Gilmore 
Asoeridites sp.

SUBCLASS ARCHOSAURIA 
Order Crocodilia

Crocodylus sp.
Brachychamosa? sp.

Order Saurischia
Family Kegalosauridae 

Deinodon? sp.
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Order Ornithischia

Family Hadrosauridae
Parasaurolophus cyrtocristatus Ostrom 

Family Ceratopsidae
Konoclonius sp. ?
Pentaceratops sternbereii Osborn

Klrtland Fauna
SUBCLASS AKAPSIDA

Order Chelonia
Neurankylus bauerl Gilmore 
Baena ornata Gilmore 

nodosa Gilmore 
Boremys pcrandis Gilmore 
Thescelus hemlspherlca Gilmore 

raplens Kay ?
Basilemys nobilis Hay 
Adocus boss! Gilmore

kirtlandius Gilmore 
Asperidltes ovatus Gilmore 

vorax Hay
SUBCLASS ARCHOSAURIA 

Order Crocodilia
Crocodylus sp.
Brachychampsa? sp.



Order Saurischia
Family Megalosauridae 

Delnodon? sp.
Gorp;osaurus llbratus Lambe 

Order Ornithischia
Family Hadrosauridae

Kritosaurus nava.jovlus Brown 
Parasaurolophus tublcen VJiman 
Parasaurolophus sp.

Family Ceratopsidae 
Monoclonius sp.
Pentaceratops sternbergll Osborn 

fenestratus Wiman 
Chasmosaurus sp.
Ceratops? sp. 
gen. and sp. undet.

Naasholbito Fauna 
SUBCLASS AMPS IDA

Order Chelonia
Baena nodosa Gilmore 
Thescelus rapiens Hay 
Adocus boss! Gilmore ?
Asperidites vorax Hay
Compsemys sp
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SUBCLASS ARCHOSAURIA 

Order Crocodilia
Crocodylus sp.
Brachychaapsa? sp.

Order Saurischia
Family Megalosauridae 

Deinodon? sp.
Family Cetiosauridae

Alamosaurus san.juanensis Gilmore 
Order Ornithischia

Family Hadro sauridae
Kritosaurus nava.jovius Brown 

Family Scelidosauridae
gen. and sp. undet.

Family Ceratopsidae 
Konoclonius sp.
Chasmosaurus sp.
Ceratops? sp.

Faunal Correlation and Age Assignments 
Because of the lack of sufficient numbers of well 

preserved dinosaur fossils, it is difficult to place an 
accurate age assignment on the Fruitland, Kirtland and 
Naashoibito faunas. Nearly all previous writers assign 
the Fruitland and Kirtland faunas a Late Cretaceous 
(Montanan) age (cf. Brown, 1910, Sinclair and Granger, 1914,



Gilmore, 1916, Lull and Wright, 1942, and Colbert, 1950)• 
Fassett and Hinds (1971, p. 33) suggest that "the upper
most part of the Kirtland (mapped undivided with the 
Fruitland in the Mesa Portales quadrangle) is Paleocene in ' 
age, at least in places in the southeastern part of the 
basin." They based this conclusion on palynologic data 
from three samples collected in the Kirtland Shale at Mesa 
Portales. At this same locality, and in the same strati
graphic interval where they obtained a Paleocene florule,
I collected several fragmentary dinosaur bones. The 
dinosaur bones are probably a more reliable age indicator 
than the palynologic sample.

The four most useful general for correlation of 
the Kirtland and Fruitland faunas are Parasauroloohus, 
Kritosaurus. Honoclonlus, and Chasraosaurus. All four 
genera occur in the Belly River Formation in Canada. 
Kritosaurus is the most common of the four genera in terms 
of distribution, and it is found in the Belly River and 
Edmonton Formations of Canada, and the Judith River and 
Two Medicine Formations of Montana, all of which are 
Montanan, in age. In addition, Monoclonius is found in 
the Two Medicine Formation and Belly River Formation, and 
Parasaurolouhus occurs in both the Belly River and 
Edmonton Formations. Parasaurolophus and Kritosaurus are 
crested hadrosaurs. The crested hadrosaurian dinosaurs
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were quite common in Montanan time (Late Cretaceous), but 
by Lance and Hell Creek times (Latest Cretaceous) they 
had been replaced by the more conservative form Anatosaurus. 
Anatosaurus is not presently known to occur in the Late 
Cretaceous deposits of the San Juan Basin. Honoclonius 
and Chasmosaurus are both Montanan age ceratopsian dino
saurs which, by Lance and Hell Creek times, had given 
way to Triceratops. Triceratops is so common in the Lance 
and Hell Creek faunas that they are often referred to as 
the Triceratops Zone. Triceratops has not been found in 
the San Juan Basin. Based on the available evidence (the 
dinosaur fauna) the Kirtland and Fruitland Formations 
are correlative to the Judith River and Two Medicine For
mations of Montana and the Belly River and Edmonton For
mations of Canada. The faunas of the Kirtland Shale and 
the Fruitland Formation are Montanan in age, i.e., Late 
but not Latest Cretaceous.

Chasmosaurus, Honoclonius, and Krltosaurus are 
also known from the Kaashoibito fauna, and on that basis 
the Naashoibito fauna is probably Montanan in age. The 
large cetiosaurian Alamosaurus is known from only one 
other formation, the lower part of the North Horn For
mation in Utah. Gilmore (1946, pp. 48-50) concluded 
that the Kaashoibito fauna [his 0jo Alamo fauna] and the 
fauna of the lower North Horn Formation could be correlated 
because of the presence of Alamosaurus.
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Fauna from the Gallegos Sandstone

As mentioned before, previous to this paper, only 
one vertebrate fossil had been reported from the conglo
meratic unit herein called the Gallegos Sandstone. That 
fossil was the weathered centrum of a dinosaur caudal 
vertebra. The specimen was found on an erosion surface 
of the Gallegos Sandstone in the vicinity of Barrel 
Springs as detailed by Sinclair and Granger (1914, p. 301). 
Baltz and others (1966, pp. D15-D16) discuss the fossil and 
conclude that "it was found possibly because of reworking 
or, more likely, because it was carried there by humans."

During the field investigations for this study, 
a careful search was made at each locality visited, for 
the purpose of finding fossiliferous sites in the Gallegos 
Sandstone. At several localities small fragments of bone 
were found in place, and in one area bone fragments were 
fairly common.

The most productive fossil locality found in the 
Gallegos Sandstone is in the NŴ - sec. 32, T. 25 N.,
R. 12 W., off of a small tributary of Hunters Wash. This 
is in the approximate vicinity of Baltz and others' 
stratigraphic section 1 (1966, p. D19 and pi. 1). At this 
site mammal and reptile bone scraps were found in place as 
low as three feet above the base of the Gallegos Sandstone 
and as much as 20 feet above the base of the Gallegos 
Sandstone. At six feet above the base of the formation
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five dinosaur bone fragments were found, the largest of 
which is six inches long and three inches in diameter.
The fossils are water-worn and undiagnostic, but they 
do establish that dinosaur remains are found in the 
Gallegos Sandstone.

The fragmentary fossils found at the main 
locality are insufficient to establish a well defined 
fauna and to attempt to relate them with other faunas in 
adjacent formations. The presence of the fossils does 
suggest, however, that meticulous collecting and the use 
of screen-washing techniques will eventually produce a 
good assemblage of diagnostic forms.

Baltz and others (1966) assigned the Gallegos 
Sandstone [their 0 jo Alamo Sandstone restricted] to the 
Paleocene based on the intertongueing relationship between 
the Gallegos Sandstone and the overlying Nacimiento For
mation. They also compared the flora and palynologic data 
of the Nacimiento Formation and Gallegos Sandstone and 
reported that "The restricted 0jo Alamo Sandstone and the 
lower (Puerco) part of the Nacimiento contain florules 
that have the same dominant species and other similar 
forms in common in both the western and eastern parts of 
the basin"(Baltz and others, 1966, p. D18).

By definition, the Cretaceous ends where the last 
dinosaur occurs. Because of this, the Gallegos Sandstone
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must be considered Cretaceous at least 20 feet above its 
base, and Paleocene where dinosaur remains can no longer 
be found. Although vertebrate fossils may sometimes be 
reworked, the coarse-grained nature of the Gallegos Sand
stone would preclude the fossils from having been trans
ported any great distance. Reworking of Cretaceous 
deposits may explain dinosaur bones in the lower six feet 
of the Gallegos Sandstone, but reworking is not a suitable 
explanation for dinosaur bones 20 feet above the base of 
the formation. The most probable explanation is that the 
sediments of the Gallegos Sandstone were first deposited 
in the Latest Cretaceous, with deposition continuing 
unimpeded into the early part of the Tertiary.

Faunas of the Nacimiento Formation 
Both the Puercan and Torrejonian North American 

land mammal ages are based on faunas from the Nacimiento 
Formation. According to George Gaylord Simpson (1959. 
p. 2) the Puerco fauna is known only from the lower 100 
feet of the Nacimiento Formation and only from a belt of 
outcrops extending from Chico Springs (Arroyo Chico) to 
Tsosie Arroyo (Betonnie Tsosie Arroyo on U. S. Geological 
Survey topographic maps). Simpson (1959. p. 17) found 
fossils of the Torrejon fauna as low as 100 feet above the 
base of the Nacimiento Formation and as close as 50 feet 
from the base of the San Jose Formation, which
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unconformably overlies the Kacimiento Formation. The 
Torrejon fauna is represented from a much greater geo
graphic distribution than the Puerco fauna. W. D. Matthew 
(1937, p. 6) wrote that

The Puerco and Torrejon are in fact very dis
tinct faunas. No species passes through from one to the other unchanged; most of the genera are 
different, and in those genera that pass through 
(Perintychus. Anisonchus, Elllnsodon), the repre
sentative species in each horizon are very distinct, 
those of the Torrejon in all cases much more spe
cialized. The genera of certain families, closely allied and primitive in the Puerco, are decidedly 
more specialized and divergent in the Torre jon.

The Puerco itself can be further subdivided into two
faunal zones; one occuring about 15 to 20 feet above the
base of the Nacimiento Formation and the second about
40 to 50 feet above the base of the Nacimiento Formation.
Matthew (1937, P» 6) states that "The lower level is
characterized by abundant periptychids and is called the
Ectoconus level; the upper one is called the Taenlolabis
level, as this genus has been found only at that level."

The reptilian fauna of the Nacimiento Formation 
shows close affinities with the faunas of the Kirtland, 
Fruitland, and Naashoibito biostratigraphic zones, largely 
on the basis of turtles. Four genera, Comusemys, Baena, 
Adocus, and Asneridltes are found in the Cretaceous faunal 
assemblages as well as in the faunas of the Nacimiento 
Formation. Comnsemys and Adocus both disappear at the
end of the Paleocene, Baena and Plastomenus survive into



91
the Eocene, and Asperldites has a Cretaceous to Holocene 
range. Four genera, Hoplochelys, Conchochelys, Amyda, 
and Platypeltis, occur in the faunas of the Nacimiento 
Formation but are not known from the Fruitland, Kirtland, 
or Naashoibito faunas. Hoplochelys and Conchochelys 
(Conchochelys is based on a single skull found in the 
Puerco biostratigraphic zone.) are known only from the 
American Paleocene. Platypeltis has a Cretaceous to 
Holocene range, and Amyda is known from the Early Paleo
cene to Holocene strata of the western United States, 
although some Late Cretaceous species from the Atlantic 
Coast have been referred to that genus.

A comparison of the reptilian and mammalian 
faunal assemblages of the Paleocene Nacimiento Formation 
with faunal assemblages of the Late Cretaceous and Eocene 
shows that the Puerco fauna, and much of the Torrejon 
fauna, is probably more closely allied with the Late 
Cretaceous faunas than with the Eocene faunas. W. D. 
Matthew (1937, p. 328) states that

The real status of the Paleocene fauna has been 
obscured by the obvious and well-known facts that 
dinosaurs are not found in it and that mammals 
appear for the first time in force. This to ele
mentary science is a decisive turning point and has conditioned the general placing of the dividing 
line between Cfetaceous and Tertiary at this point. 
The paleobotanists, familiar with the close resem
blance between the Paleocene floras and those of 
the latest dinosaur beds, have insisted that the 
latter should be placed in the Tertiary, while
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Schuchert and others have argued from the paleo- 
zoologic evidence that the logical division lay 
at the base of the Wasatch Eocene . The evi
dence herein discussed undoubtably supports 
Schuchert1s view, but it may be doubted whether 
logic is likely to prevail over custom in this matter.

The faunal list for the Puerco biostratigraphic 
zone (both the Ectoconus and Taenlolabis horizons) is 
presented at the end of this section. When diagnostic 
fossils and a well-defined fauna become known from the 
Gallegos Sandstone, they will undoubtably have closer 
affinities to the Puerco fauna than to the younger 
Torrejon fauna.

Finally, it should be mentioned that, although 
extensive fossil collections have been made from both 
Late Cretaceous and Early Paleocene formations in the 
western San Juan Basin, collections from the same for
mations in the eastern portion of the basin are virtually 
non-existent. This is largely the result of extremely 
poor exposures in the eastern side of the basin and to 
selective collecting. During field work for this study,
I found several localities in the Kirtland Shale, in the 
eastern half of the San Juan Basin, that contained dinosaur 
bone scraps, but I was unable to find any vertebrate 
fossils from exposures of the Gallegos Sandstone in that
same area



Reptilia of the Puerco Fauna
SUBCLASS ANAPSIDA

Order Chelonia
Compsemys parva Hay 

vafer Hay 
puercensis Gilmore 

Baena sp.
Plastomenus sp.
Adocus hesperips Gilmore 
Hoplochelys crassa (Cope) 

bicarlnata Hay 
laqueata Gilmore 

Conchochelys admirabilis Hay 
Asperidites sagatus Hay 

puercensis Hay 
reesidei Gilmore 
vegetus Gilmore 
quadratus Gilmore 
perplexus Gilmore 

SUBCLASS LEPIDOSAURIA 
Order Eosuchia

Champsosaurus puercensis Cope 
saponensis Cope ?

Order Squamata
Helagras prlsciformis Cope ?
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Mammalia of the Puerco Fauna 

SUBCLASS ALLOTHERIA
Order Multituberculata

Family Ptilodontidae
Eucosmodon americanus (Cope)

amerlcanus primus Granger and 
Simpson

Family Taeniolabididae
Catopsalis follatus Cope 
Taenlolabls attenuatus (Cope) 

sulcatus Cope 
taoensls (Cope)
triserlalls Granger and Simpson

SUBCLASS THERIA
Order Marsupialia

Family Didelphiidae
Thylacodon pussilus Matthew and Granger 

Order Insectivora
Family Deltatheridiidae

Puercolestes slmpsoni Reynolds 
Order Taeniodonta

Family Stylinodontidae
Onychodectes rarus Osborn and Earle 

tisonensis Cope 
Wortmania otarildens (Cope)



Order Condylarthra
Family Periptychidae

Anisonchus gllllanus Cope 
Carsloptychus coarctatus (Cope) 

matthewi (Simpson)
Conacodon cophater (Cope) 

entoconus (Cope)
Ectoconus ditrigonus (Cope) 

majusculus Matthew 
Hemithlaeus kovralevskianus Cope 

Family Hyopsodontidae
Oxyacodon agapetlllus (Cope)

apiculatus Osborn and Earle 
priscilla Matthew 

Tiznatzinia prisons (Matthew) 
turgidunculus (Cope) 
vanderhoofi Simpson 

Order Carnivora
Family Arctocyonidae

Carcinodon filholianus (Cope) 
Eoconodon gaudrianus (Cope) 

heilprinianus (Cope) 
Escatepos campi Reynolds 
Oxyclaenus cuspidatus Cope

simplex (Cope)



Loxolophus attenuatus (Osborn and Earle) 
hyattianus (Cope)
Interruptus (Cope) 
prisons (Cope)

Paradoxodon ruetimeyerianus (Cope) 
Protogonodon kimbetovius Matthew 

pentacus (Cope) 
protogonioides (Cope) 
stenognathus Matthew

Ictidopappus sp. of MacIntyre



SUMMARY

Because of misinterpretation of nomenclature 
and stratigraphic data by previous workers, the term 
0jo Alamo Sandstone applies to a sedimentary rock unit 
that is not even a part of the formation as it was 
originally defined. The term 0jo Alamo fauna is also 
ambiguous, as the fauna of the 0jo Alamo beds is not 
the fauna of the 0jo Alamo Sandstone. For these reasons,
I propose that the terms 0jo Alamo Sandstone and 0 jo Alamo 
fauna be used no longer, and that the term Gallegos 
Sandstone be used for the sediments encompassed by the 
0 jo Alamo Sandstone restricted of Baltz and others (1966).
I further propose that the terms Kirtland fauna, Fruitland 
fauna, and Naashoibito fauna be used in place of the term 
0 jo Alamo fauna, as it was originally applied. The Fruit 
land, Kirtland, and Naashoibito faunas refer to the fossil 
assemblages of the Fruitland Formation, the lower shale 
member, Farmington Sandstone Member, and upper shale member 
of the Kirtland Shale, and the Naashoibito Member of the 
Kirtland Shale, respectively.

The Gallegos Sandstone can be distinguished from 
overlying and underlying formations throughout the San Juan
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"basin on the basis of lithology. The Gallegos Sandstone 
is a coarse-grained conglomeratic arkosic sandstone, 
which locally may contain abundant volcanic and siliceous 
pebbles. The Gallegos Sandstone can be distinguished 
from the Naashoibito Member of the Kirtland Shale on 
the basis of the following: (1) the average crossbed
direction in the Gallegos Sandstone is 138°, in the Naa
shoibito Member it is 210°; (2) the ratio of silica: 
volcanic rock pebbles is lower in the Gallegos Sandstone 
than it is in the Naashoibito Member; (3) the ratio of 
quartz:feldspar sand grains is lower in tha Gallegos 
Sandstone than in the Naashoibito Member, thus imparting 
a generally lighter color to the latter unit; (4) the 
Naashoibito Member is stratigraphically lower than the 
Gallegos Sandstone, and there is an erosional unconformity 
at the base of the Gallegos Sandstone and usually developed 
on top of the Naashoibito Member.

The Nacimiento Formation and the underlying 
Gallegos Sandstone have a gradational, locally intertongue- 
ing contact between them. The Nacimiento Formation contains 
more shales and sandy shales than the Gallegos Sandstone 
and has a lower quartz:feldspar ratio of sand grains.

Based on more than 7,000 crossbed measurements, the 
Gallegos Sandstone has an acerage direction of transport 
of 13#°. The high degree of consistency in the crossbed
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measurements and other sedimentation features, suggests 
that the Gallegos Sandstone was deposited as an alluvial 
plain. The evolution of the alluvial plain to a flood 
plain helps to explain the subsequent intertongueing and 
deposition of the overlying Nacimiento Formation.

Crossbed measurements in the Gallegos Sandstone 
indicate that the formation had but a single major source 
area contributing sediments; the southwestern corner of 
Colorado, in the approximate vicinity of the western flank 
of the present day San Juan Mountains. The direction 
of transport and single source area hypothesis is 
supported by the distribution of median and mean grain- 
sizes, the sorting index, the analysis of pebble mineralogy, 
and the analysis of heavy mineral content of the Gallegos 
Sandstone.

In reviewing the dinosaur faunas of other Cre
taceous deposits, it is apparent that the faunas of the 
Kirtland and Fruitland Formations and the Naashoibito 
Member correlate best with the Belly River and Edmonton 
Formations of Canada, and the Judith River and Two Medicine 
Formations of Montana. If this correlation is valid, then 
the Kirtland, Fruitland, and Naashoibito faunas are most 
probably Late but not Latest Cretaceous (Montanan) in age.

The first fossils definitely known from the 
Gallegos Sandstone were collected in the summer, 1971 off



of a small tributary of Hunter’s Wash in the San Juan 
Basin, New Mexico. Dinosaur bones were found as much as 
20 feet above the base of the Gallegos Sandstone, along 
with fragmentary mammal remains. The presence of dino
saurs indicates that the lower part of the formation is 
Cretaceous. Because of intertongueing and the gradational 
nature of the contact between the Gallegos Sandstone and 
the overlying Paleocene Nacimiento Formation, it is 
assumed that the upper part of the Gallegos Sandstone is 
probably Early Paleocene in age. The Gallegos Sandstone 
thus spans the Cretaceous-Tertiary time boundary.
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APPENDIX A
STRATIGRAPHIC REFERENCE SECTIONS FOR THE 

GALLEGOS SANDSTONE

Stratigraphic Section I. Measured in the approximate 
location of Reeside’s (1924, p. 62) stratigraphic section 
along the San Juan River south of Farmington, New Mexico.

UNIT NO. THICKNESS DESCRIPTION
9 not measured Nacimiento Formation; shale, mudstone, silty shales, and some inter- 

bedded sandstones. Shales are light 
gray to yellowish gray; formation 
intertongues with underlying Galle
gos Sandstone. Some siliceous 
pebbles in the lower part. Forms 
slope, and badland topography.

8 85 feet GALLEGOS SANDSTONE; sandstone, medium to coarse grained, conglomeratic, 
medium to large scale cross-strata, 
contains numerous siliceous and 
volcanic pebbles. Very pale orange, 
very light gray. Forms cliff. Con
tains thin lenses of carbonaceous shale.

7 6 feet shale, silty, carbonaceous, pale 
yellowish brown.

6 6 feet shale, pale brown, carbonaceous, not persistant laterally; grades into 
medium grained sandstone.

5 57 feet sandstone, medium grained, conglo-
meratio, contains numerous sili
ceous pebbles with some volcanic 
rock pebbles also present. Medium 
to large scale cross-strata. Very 
pale orange to yellowish gray.

101



102
UNIT NO. THICKNESS 

4- (24 feet)

92 feet

63 feet

Erosion Surface---
1 not measured

DESCRIPTION
shale, silty and sandy, contains some carbonaceous material, yellow
ish gray, greenish gray, not 
persistant laterally; grades into 
medium grained sandstone.
sandstone, medium to coarse grained, medium to large scale cross-strata, 
contains numerous pebbles, mostly 
of siliceous or volcanic rocks; some 
petrified wood fragments found in 
this unit. Largest pebbles are 
several inches in diameter. Unit grades into several shale lenses, 
especially near base.
sandstone, medium to coarse grained, 
separated from unit above because 
of small shale lenses between them; medium scale cross-strata, pebbles 
of siliceous, volcanic, and sedi
mentary (clay,sandstone) rocks.
Forms large cliff, and rests 
unconformably on unit below.

-Unconformity
Kirtland Shale; silty and sandy 
shale interbedded with some fine
grained sandstones; very light gray 
to pale red. Probably the McDermott Formation of Reeside (1924, p. 62). 
Forms slope and badlands topography.

Stratigraphic Section II. Measured in the approximate lo
cation of Baltz and others' stratigraphic section 7» on the south side of 0 jo Alamo Arroyo. This is the type section 
of Baltz and others' 0jo Alamo Sandstone restricted.

UNIT NO. THICKNESS DESCRIPTION
6 5 feet Shale, siltstone, mudstone, mottle 

grayish yellow green and pale red 
purple. Forms slope in badlands.
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UNIT NO. THICKNESS DESCRIPTION

5 5 feet mudstone, shaly, sandy, mottled 
grayish yellow green and pale red, 
weathers pale red.

4 3 feet basal unit of the Nacimiento Formation; shale, silty, locally is a 
very fine grained sandstone, 
light olive gray, grades into underlying and overlying units.

3 15.5 feet description from Baltz and others (1966, pp. D20-D21): "Sandstone,
light-tan to light-gray GALLEGOS 
SANDSTONE . Coarse-grained but finer than underlying unit; contains 
a few scattered small pebbles. Bed
ding planes are broad and concave upward and are similar to dune-sand 
crossbeds. Upper one-quarter of unit 
contains several 2- to 3~in. bands of orange-brown-weathering argil
laceous sandstone.

2 20 feet "Sandstone, light-tan, coarse-grain
ed, arkosic. Contains lenses of 
gravel and scattered pebbles. Bed
ding is highly irregular and of 
stream-channel type. Some beds are 
ferruginous. Contains large prone petrified logs. At the base of the 
unit is an erosional unconformity 
that has at least 10 ft. of relief in the vicinity of this section." 
Basal unit of the Gallegos Sandstone

Erosion Surface--- ------ Unconformity
1 not measured sandstone, shale; sandstone is 

fine grained, contains some fer
ruginous concfetions; locally shale 
is removed by erosion. This is the 
Naashoibito Hember of the Kirtland 
Shale.



APPENDIX B

ROSE DIAGRAMS OF CROSSBEDS
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APPENDIX C
SAMPLE COMPUTER PROGRAMS

The program listed below is designed to calculate 
the average direction of dip of cross-strata for several
localities at the same time. Modifications may be neces
sary depending on the computer used.

RUN(S)
LGO.
7-8-9-ounchC L0C=L0CAL3LTY NUMBER, FN=DIRECTION OF DIP, 

FNO=NUHBER OF READINGS, SWN'=TRUE SINE, 
CWSsTRUE COSINE, TWN=TRUE TANGENT,SUMSINsSUM OF ALL TRUE SINES,
SUMCOSsSUK OF ALL TRUE COSINES 
SUMNOssTOTAL NUMBER OF READINGS FOR A LOCALITY 
SIGNSsSIGN (+ or -) OF ALL SINES SIGNCsSIGN (+ or -) OF ALL COSINES 
CF=CONSISTENCY FACTOR

PROGRAM STRATA (INPUT,OUTPUT,TAPE 1=INPUT, 
TAPE 2=0UT?UT)
WRITE(2,10)

10 FORI'IAT (1H1///4X, 3HL0C, 3X, 2HFN, 3X, 3HFN0,4X, 
5HSIGNS,4X,5HSIGNC,4X,6HSUMSIN,4X,6HSUKCOS, 
4X, 3HTV/N, 4X, 2HCF)

590 SUHSIN = 0.0
591 SUKCOS = 0.0592 SUMNO = 0.0
593 TVJN = 0.0
594 SIGNS = 0.0
595 SIGNC = 0.0
596 CF = 0.0
599 READ(1,11)LOG,FN.FNO
11 FORMAT(110,F5.0,F5.1)
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500 IF(999999-LOC)90,90,501
501 IF(99999-LOC)502,502,400
502 IF(SUMSIN+0.0)503,503,504
503 SIGNS = -1.0 

GO TO 505
504 SIGNS = 1.0
505 IF(SUMC0S+0.0)506,506,507506 SIGNS = -1.0 

GO TO 510
507 SIGNC = 1.0
510 TWN = SUMSIN/SUHCOS
511 CF = ((sumsin**2+SUMCOS**2)**.5)/SUMNO 

GO TO 81
400 SUMNO = SUMNO + FNO GO TO 425
425 CWS=COS(FN*.01745)*FN0
426 SWN=SIN(FN*.01745)*FN0 

GO TO 401
401 SUMCOS = SUMCOS + CWS
402 SUMSIN = SUMSIN + SWN

GO TO 599
81 WRITE(2,91)LOG,SUMNO,SIGNS,SIGNC,SUMSIN,

SUMCOS,TWN,CF
91 FORMAT(18,3F8.1,4P12.3)

GO TO 590
90 STOP

END
7~8-9-punch

------ begin source deck here----— ----

Statistical Parameters Computer Program For Grain-Size
R U N (S )
LGO.
7-8-9-punch
PROGRAM SEDANAL(INPUT,OUTPUT,TAPE 1=INPUT, 
TAPE 2=0UTPUT)
REAL MEAN 
REAL KURTOS
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WRITE(2,10)

10 FORMAT(1H1///5X,3HLOC,8X,4HMEAN,5X,
7HSORTING,5X,7HSKEWNES,6X,6HKURTOS)

101 READ(1,11)LOG,PHI05,PHI16,PHI25,PHI50,
PHI?5,PHI84,PHI95,PHI01

11 FORMAT(5X,13»6F5.1)
25 IF(PHI01+0.0)90,126,126

126 MEAN=(PHI16+PHI50+PHI84)/3.0
127 SORTING*((PHl84-PHI16)/4.0)+((PHI95-PHI05)/ 6.6)
128 SKEWKES=(PHI16+PHI84-2.0*PKI50)/

2.0*(PHI84-PHI16) + (PHI05+PHI95-2.0*PHI50)/ 
2.0*(PHI95-PHI05)

129 KURTOS =(PHI95-PHI05)/2.44*(PHI7 5-PHI2 5)
80 WRITE(2,81)LOG,MEAN,SORTING,SKEWNES,KURTOS
81 FORMAT(5X»13 f 4F12.2)GO TO 101
90 STOP

END
7-8-9-punch
begin source deck here



APPENDIX D

GRAIN-SIZE DATA
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The data presented in this appendix is arranged according to locality.' 
The specimens collected at each locality are in stratigraphic order; in each case 
specimen "a" comes from near the base of the Gallegos Sandstone. In some locality 
listings a few specimen numbers are missing; the missing numbers represent samples 
that were so indurated that they could not be disaggregated.

Specimen Pan 4.0 A lS 2-i 2.0 1.0 0.0 Z tJl -lyft Total
2-e 3 1 2 3 4 11 26 34 14 2 100
2-f 8 3 7 12 17 21 18 10 2 2 100
2-g 8 2 5 11 20 27 13 9 4 99
2-h 4- 1 3 5 7 11 19 31 15 3 .99
2-1 6 2 5 9 15 25 21 12 3 1 99
7-a 3 1 2 4 5 10 21 36 15 2 99
7-b 1 0 1 2 3 10 27 40 12 2 0 98
7-c 3 1 2 3 6 18 36 24 5 1 99
7-d 2 1 1 2 4 11 29 35 12 3 100
9-a '5 2 7 15 19 29 17 4 1 99
9-b 7 2 4 6 11 31 27 10 2 0 100
9-o 3 1 3 5 6 9 13 28 25 6 ll9-d 7 2 3 5 7 15 24 27 6 3 99
9-e 5 2 4 6 10 16 24 18 9 2 1 97

12-a 6 2 5 9 17 34 20 7 1 0 101
12-b 5 1 2 3 6 12 23 26 11 6 2 1 98
12-e 3 1 2 3 5 15 31 25 8 3 1 1 98
12-f 6 2 5 9 25 27 16 4 1 1 96
16-a 4 1 2 4 6 13 24 27 13 4 98
16-b 4 1 3 4 7 16 22 27 13 ‘3 1 101
l6-c 3 1 2 3 4 8 • 18 34 20 6 1 100 121



Specimen Pan 4.0 3« 5 3*0 2.5 2.0 1.5
17-c
17-d
17-e

7 21
1

17-f 3 1
20-b 6 1
20-d 7 2
20-e 4 1
20-h 7 3
20-1 1 1
23-b 4 1
23-c 11 2
23-d 7 2
23-f 10 3
27-b 4 1
27-c 5 1
28-a 4 1
28-e 8 2
28-f 5 2
30-a 6 2
30-b 6 2
32-a 3 1
32-b 11 332-c 5 132-d 6 2

3 5 8 24 34
2 4 7 15 28
2 3 5 13 21
2 3 5 15 26
3 4 7 15 21
4 6 7 11 17
2 3 5 15 29
5 8 11 16 16
2 5 12 28 29
2 2 3 8 16
3 4 7 17 26
4 5 9 26 32
4 6 10 19 22
2 3 4 10 18
2 3 4 7 13
2 3 6 16 22
4 7 14 18 17
3 5 7 14 21
2 4 5 12 25
4 10 15 21 22
1 1 2 3 8
6 9 17 31 172 3 4 9 22
3 3 3 5 12

1.0 0^5 0.0 - 5 -1.0 Total
15 2 1 1 102
30 6 1 0 99
31 13 5 2 100
28 12 4 1 100
23 12 6 2 1 101
27 14 4 0 99
34 7 1 101
22 10 3 101
17 4 1 96
24 22 12 3 3 100
21 6 2 2 101
12 3 2 1 104
19 7 2 1 103
27 18 9 3 5 104
31 25 7 1 99
24 13 6 2 1 100
19 7 2 1 99
23 13 6 2 2 103
31 10 2 1 100
9 2 2 1 5 99

42 32 8 1 102
4 4 102

30 17 4 1 98
35 26 7 1 103 122



Specimen Pan
34-a 8
34-b 534-c 9
34-d 20
35-'d 2
36-b 536-c 6
36-d 5
36-e 8
38-a 7
38-b 5
3 8 - c 3•38-d 4
38-e 3
41-a 10
41-b 9
44-d 344-e 4
44-f 344-g ' 3
46-a 2
46-b 1
46-c 2
46-d 1

4.0 2i°

1 2 31 2 3
2 • 3 4
4 8 12
1 1 2
1 3 4
2 4 71 2 32 3 6
2 3 5
2 3 5
1 2 4
1 2 31 2 3
2 3 4
2 2 3
1 4 14
2 5 12
1 5 17
2 14 55

■ 1 2 50 1 2
1 1 3
0 1 1

2 ^ 2^0
5 12 174 7 14
6 13 1912 16 16
6 19 34
8 25 32

10 21 27
5 12 2111 24 28
8 14 23

10 26 39
7 18 294 11 234 7 15
9 23 284 9 18

28 34 11
33 35 8
28 29 1120 3 1
9 13 20
7 32 3512 33 20
3 9 29

H
V

>
 t

v 
tv

1.0 . 0^

25 21 
28 23 
22' 13 
10 4

0.0
5 1

—1.0 Total
9910 2 2 101

62 2 1 100
104

23 8
16 3
18 4
22 16 
14 3

4
22
11 21 1

102
991011 101 

100
25 9 3 1
15 425 8 2
32 15 4 1
33 24 7 0

100
109
99100
99

24 1
1001 100

1
1 0

98101
98
99

98
98
99
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Specimen Pan 4.0 JLJ2 2jJ3l 2*5 2.0 1*5 JLO 0*5 0.0 - 5 -1 0 Total
47-a 1 0 1 1 1 4 27 42 19 4 0 100
47-c 4 1 3 6 11 23 27 16 4 2 2 2 101
47-d 4 1 3 4 • 6 21 26 24 5 2 1 97
47-e 6 1 3 8 13 19 18 17 8 4 98
47-f 6 1 2 3 5 10 17 23 20 11 98
48-b 7 3 6 11 24 36 8 3 2 100
48-c 7 2 4 15 25 23 15 6 1 1 100
48-d 6 1 3 8 22 32 18 6 3 3 102
48-e 2 0 1 1 2 4 7 17 24 25 11 4 98
48-f 2 1 1 2 3 5 7 19 29 21 6 2 98
51-a 4 2 4 12 27 37 12 2 1 101
51-b 3 1 4 15 36 32 6 2 99
51-c 4 1 4 13 25 35 13 2 1 98
51-d 3 1 2 5 11 32 32 12 2 1 101
51-e 5 3 7 14 26 29 13 2 0 99
53-a 3 1 2 3 6 14 25 26 13 6 2 1 102
53-b 4 1 2 3 ? 8 14 25 20 10 3 2 99
53-c 3 1 1 3 4 10 17 26 20 9 3 1 98

01 7 2 4 5 7 13 24 30 7 2 101
55-a 5 1 2 3 5 8 13 27 20 17 101
55-b 13 3 6 15 27 19 5 3 2 3 96
56-a 6 1 2 4 6 13 17 23 15 6 2 3 98
56-b 3 2 1 2 2 4 6 13 16 19 11 21 98
56-c 7 2 3 4 7 18 32 19 6 3 100

Hro



Specimen Pan 4.0
57-a 7 2
37-b 0 2
58-a 4 1
58-b 4 1
58-c 1 0
56-d 7 2
60-a 8 2
60-b 5 2
60-c 6 2
60**d 13 5
62-a 15 5
62-b 13 5
63-a 12 363-b 10 363-c . 6 2
63-d 12 4
63-e 8 2
64-a 15 1
64-c 4 1
64-d 10 2
64-e 12 2
64-f 8 2
65-a 16 3
65-b 11 2
65-c 14 2
65-d 18 3
65-f 17 2

3L0 2.0
6 8 18 244 6 16 26
3 5 13 27
3 5 11 252 3 4 6
9 19 29 17
6 7 14 20
5 9 29 34
4 7 18 33

12 15 24 14
35 21 9 7
30 23 9 6
7 11 20 19
6 8 16 20
7 14 22 20

13 23 18 12
6 15 33 18
8 9 17 254 4 6 11
5 6 11 19
5 6 14 26
6 7 14 26
7' 11 16 20
6 12 22 25
5 7 13 20
9 18 27 10
5 7 13 21

4
3
2
21
4
4
3
38
9
9
5
I
7
3
6

3
4
4
6
4
3
54

liO 0 ^ 0.0 OH1 Total
19 8 4 1 1 102
22 10 6 101
27 9 4 2 1 98
30 13 5 1 0 100
16 27 22 7 9 98
13 100
26 11 3 1 102
10 2 1 100
23 4 1 101
5 2 98

100
5 100

12 5 2 96
19 9 5 101
14 4 3 2 98
7 3 ' 99
8 4 3 100

19 100
26 27 11 2 9924 11 6 99
22 6 4 101
23 7 4 101
14 4 97
9 5 96

21 9 4 , 2 1 101
4 '3 4 101

19 7 5 100
HPO

V t



Specimen Pan ^ 0  3-5 3_»_Q 2-5 2^0 1.^
66-a 3 1
66-b 4 2
66-c 7 2
66-d 3 1
66- e 9 2
67- a 10 8
67- c 4 2
68— a 7 2
68-b 6 1
68-f 10 2
68- g 6 1
69- a 6
69-b 8

3 4 10 17
5 8 15 16
5 6 9 16
3 3 5 7
5 7 15 25

42 14 4 1
22 36 28 2
4 5 8 13
4 5 9 18
6 11 32 254 5 11 20
4 8 20 26
7 5 11 30

2
2
1
4
22
5
32
32

2
3

3
6

1.0 0^5 0.0 —. 5 —1.0 Total
25 16 10 4 3 99
21 16 7 2 9926 ■ 15 8 '3 101
20 36 16 '• 4 99
22 7 2 98
1 102
1 100

23 20 9 3 5 102
29 17 5 1 97
9 2 1 101

31 15 5 ' 100
20 7 2 2 100
22 6 3 1 102

MtvOn
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