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ABSTRACT

The Upper Cretaceous Farmington sandstone is found only in
northwestern New Mexico and southwestern Colorado., The Farm-
ington sandstone is the middle member of the Kirtland shale, there
being a Kirtland shale member above and below it. This sandstone
unit appears as an extensive wedge in the Kirtland shale and thins
northward, southward, and southeastward from Townships30-31
North, Ranges9-13 West. The thickness of the Farmington sand-
stone ranges from 27 to 818 feet within the area of this thesis. The
unit is correlative with parts of the Vermejo formation of the Raton
basin and the Fox Hills formation of the Great Plains, Paleontolo-
gical evidence indicates that the Farmington sandstone is of Montanan
age.

The type locality for the Farmington sandstone lies along the

San Juan river from Farmington, New Mexico wntwar& about six

miles to within approximately three miles of Kirtland, New Mexico,
The Farmington member consists of sandstone strata with some
interbedded shale and siltstone lentils, The sandstones are usually
some shade of tan, fine-to medium-grained, angular to sub-rounded,
poorly te fairly well-sorted, and have a chloritic-argillaceous cement
and matrix, The shale is gray to greenish-gray and usually sandy to
silty and the siltstone is greenish-gray, micaceous, and hard,

A thin-section and heavy-mineral study of the sandstones
indicates that the sediments which make up the Farmington sandstone

were derived from an intermediate (diorite-monzonite) to more







silicic (granitic-granodioritic) igneous source and that they are feld-
spathic graywacke; however, there is a possibility that some of the
sediments which make up the Farmington sandstone may have been
derived from a metamorphic and volcanic terrane., The petrographic
study further revealed that the Farmington sands were derived from
a nearby source and that they are immature,inasmuch as they con-
tain more feldspar than quartz,

A study of cross-bedding in the five measured surface sections
suggest a southern to southwestern source for the major part of
Farmington sediments, The discovery of microfossils in one shale
unit suggests that the Farmington sediments are of marine or marine-
brackish, probably lagoonal, origin, It is postulated that these con-
ditions were brought about by the continued subsidence of the "Kirt-
land basin'" which caused a temporary reversal in the withdrawal of

the l.ewis sea from the Cuba area.

High gravity (50%0 59° A. P. I.) oil has been produced from

three Farmington sandstone pools and gas from four fields,
Economically the Farmington sandstone is only of local interest,
inasmuch as it has produced only about 82, 587 barrels of oil and

338, 885 MCF of gas, Wells producing oil and gas from the Farmington

sandstone range from about 600 to 1, 800 feet in depth,







INTRODUCTION

Geography

The area covered by this thesis is located on the west side of
the San Juan basin in northwestern New Mexico (Fig. 1), It is roughly
rectangular in shape, 50 miles long and 38 miles wide, and lies in

northeastern San Juan County, New Mexico. The area is bounded

on the north by the New Mexico - Colorado state line, on the east by

the San Juan - Rio Arriba County line, on the south by Township 26
North, and on the west by Range 15 West.

Aztec is the only city in this area. Other population centers
are: Bloomfield, Farmington, Fruitland, Kirtland and La Plata., A
branch of the Denver and Rio Grande Railroad serves the area. This
narrow gauge railroad extends southward from Durango, Colorado,
through Aztec, New Mexico and terminates in Farmington, The area
may also be reached by paved roads from the south, north, east, and
west, In addition, there are numerous unpaved county, oil field, and
Indian roads throughout the area.

The western part of the San Juan basin is drained westward by
the San Juan, Animas, and La Plata rivers and their tributaries, The
San Juan and Animas rivers are perennial. The lower end of the La
Plata river usually is ephemeral during the hot dry summers, These
rivers are maintained to a great extent by the melting snows at their
sources in the San Juan and La Plata mountains of Colorado. Inter-
mittent washes such as Largo and Carrizo carry large amounts of

water during the thaw and rainy seasons.







qOG6!I ‘48AlS 8 HZ6] ‘opisesy

194}V

‘suojspues uojdurwmzeq d2y3 jo doxdno ayjy Suore psanseow
suo13109s Jo uorjedo] Summoys eaxe jo dew xapul | 2andrg

so|iwg = | :9|03§

2|0 2
N &
v3¥V 40 NOILVI0T 2 o3 z
_I.-||L.|.q|_ » !
1 i N3
! _ 82 o
| ‘x3aw man! L v_~
L] ]
.—||. IHN_.—u_ m_a L ] >
0avE0109 RS e e
b ==
* h ' piarjulbolg .
St L ? % uD|41nJ P
L] <1, & °
z|z \ A Son
N . x \\MO X
= > :
os i &’o n)..w
’ /#U %
\
e B \
A
N %
_hn\\.ﬁ\ b o.o Mop
\ ®
+— /
N N ) o1qid o‘T
2s 3 ® |
N @ =
w # I ks ks ik ¥ . s
Mo8-u M-6-4 M-01-Y M-11-Y M-ziy ;._n_.m M-t1-d M-GI-Y

;.n.mﬁ N
0 -0 Mo H 0100

DT,

S P Y N







The region is semi-arid and stands from 5,200 to 7, 200 feet
above sea level. Sage brush, rubber weed, Russian thistle, different
varieties of cacti and grasses, and juniper, pine, cottonwood and scrub
oak trees are the chief types of plant life in the area. The region com-~
prises some ranching and farming lands,with the best arable lands being
located along the rivers. The oil and gas boom during the past few
years has resulted in a great influx of population and, in general, has

made this area highly prosperous.

Previous Work
The Farmington sandstone member (Pl. I) of the Kirtland shale
(Pl. II), present in northwestern New Mexico and southwestern Colorado,
crops out along the northwestern and northern part of the San Juan basin,
but is absent as a recognizable unit along the southern and eastern mar-

gine of the San Juan basin,

Bauer (1916, p. 274~-275) named the Farmington sandstone and

noted its medial position in the Kirtland shale. In the words of Bauer:

The shale, so far as is known, is of fresh water
origin, although possibly it was formed in deltas and
lagoons, It is divided, as shown in the San Juan river
section, into three parts—a lower shale 271 feet thick,
a sandy part, here named the Farmington sandstone
member, and an upper shale 110 feet thick.

The sandstone member forms a prominent bluff
on the San Juan river, where it is 455 feet thick, but
toward the south it is gradually replaced by lenses of
shale, On the head of Coal Creek the member disap~
pears as a mappable unit, and farther south it is re-
presented only by isolated sandstone lenses in the
Kirtland shale., A study of the sandstone lenses making
up the Farmington shows that they are irregular in
thickness, cross-bedded, and composed almost invari-
ably of two parts—at the base an easily eroded yellowish
sandstone carrying clay pellets of various sizes and in







some lenses sandstone pebbles similar to the matrix,
as large as 4 inches in diameter, and at the top a
markedly resistant brownish sandstone whose upper
portion is commonly of a dark chocolate-brown celor
on the exposed surface and dark gray on the fresh sur-
face. All the lenses in the Farmington sandstone
member lie on more or less irregular surfaces of
interbedded shale and exhibit the characteristics of
channel and floodplain deposits, An individual lens
will usually have a maximum thickness of 20 feet, a
lateral extent of 15 or 20 yards, and a length of
several hundred yards.

Bauer's study included the area from Hogback mountain to
about 30 miles east, and from the San Juan river to about 30 miles
south, He included the McDermott formation with the upper Kirt-
land shale member,

The following excerpts, concerning the Kirtland shale and
Farmington sandstone, are from a paper by Reeside (1924, p. 21,

22, and 23):

% % % The formation has been traced around the
west side of the San Juan basin but is overlapped on the
north side by the Animas formation and on the south
side by the Ojo Alamo sandstone, Whether it can be
recognized on the east side of the basin the writer
cannot say, It has not been recognized definitely out~
side of the San Juan basin, though there are certainly
sediments of the same age over wide areas.

At the type locality the Kirtland shale may be
divided into three groups of beds forming distinct
members, all of fresh water origin, * * *

Southward from the typical locality the Farming-~
ton sandstone member thins and iz completely replaced
by soft beds between Coal Creek and Kimbetoh Arroyo,
the lower shale member thickening at its expense, while
the upper shale varies but little. Northward from San
Juan river the sandstone member and the upper shale
member vary irregularly in thickness, and the lower
shale changes little. The lighologic constitution of
these members remains the same as at the typical
locality., * * *

(o2







The writer has not anywhere found pebbles in the
Farmington sandstone. The sandstones of the Farm-
ington member make marked benches where thedip of
the beds is low and a ridge where the dip is high, ** *

On San Juan river the lower shale member is 271
feet thick, the Farmington sandstone member 459 feet
thick, and the upper shale member 80 feet. Toward
the south the lower shale member increases, in the
sections measured, to 368 feet, 550 feet, and 1,031
feet and then decreases to 975 and 830 feet. In the
same sections the Farmington sandstone membier mea~
sures 432, 450, 99, 87, and 20 feet, The upper shale
member ranges from 12 to 44 feet in thickness. North
of San Juan river the lower shale member maintains at
most places a thickness of 300 to 350 feet. The Farm-
ington sandstone member, however, ranges from 162 to
480 feet and the upper shale member from 150 to 475
feet, These variations seem to indicate simply differ-
ences in sedimentation, as the beds form everywhere
an unbroken sequence of deposits.

Reeside measured the Farmington sandstone type section for

Bauer in 1915, but the type section was not published until 1924. The

type section description is included in the Appendix of this paper and

is graphically depicted on Plate IIl,

Economic Considerations

The Farmington sandstone is important chiefly as an oil and
gas reservoir, Official records show that 82, 587 barrels of high
gravity oil and 333, 885 MCF of flammable gas had been produced from
the Farmington sandstone as of November 30, 1959 (Emery C. Arnold,
written communication, December 8, 1959).

A few shallow water wells are producing from this member
of the Kirtland shale, however, the water in the majority of these

wells has a high sulphur content and in most cases is barely potable.







Purpose of Investigation

Very little information, excepting that presented by Bauer
(1916) and Reeside (1924), appears in the literature concerning the
Farmington sandstone member of the Kirtland shale. This thesis
is an atternpt to present the regional structure and stratigraphy,
lithology, paleontology, source areas of sediments, environment
of deposition, correlation, oil and gas production statistics, core
descriptions, and descriptions of measured sections, In addition,
a thin-section, heavy-mineral, and grain-size analysis for one

section is included,

Method of Investigation
Six days were spent in the field during the spring and summer

of 1959 in measuring sections, collecting samples, searching for

fossils, taking photographs, walking the outcrops, and studying the

local and regional setting and surface exposures, The rest of the
work was done in the office and laboratory. Several samples from
Measured Section No, 3 were sent to the El Paso Natural Gas Com-
pany Research Laboratory in Salt Lake City, Utah, for a thin-section,

heavy-mineral, grain-size, and paleontologic study.
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REGIONAL SETTING

Structure

Regional Structure

The San Juan basin is located in the southeastern part of the
Colorado Plateau province, The present structures of the Colorado
Plateau province are due chiefly to deformation during the Laramide
orogeny and late Tertiary time. The San Juan basin, surrounded by
uplifts, is an ovate, frontal, intermontane, structural basin, about
20,000 square miles in area, encompassing almost 36, 000 cubic miles
of sedimentary rocks within the Dakota outcrop and above the Precam-
brian basement { Wengerd, 1958, p. 366).

Geographically, the San Juan basin is bounded on the north by
the San Juan mountains, on the northeast by the Chama basin and
Archuleta anticlinorium, on the east by the Nacimiento mountains,
on the southeast by the Rio Grande trench, on the south by the Mount
Taylor volcanic complex, on the southwest by the Zuni mountains, on
the west by the Defiance uplift and Chuska mountains, and on the north-
west by the Four Corners platform (Fig. 2).

The San Juan basin has undergone the following generalized
tectonic history {(Wengerd, 1959, p. 2221): (1) from Cambrian to
early Pennsylvanian time this area was a high shelf of the Cordilleran
geosyncline and was limited on the east by the San Luis positive area;
(2) Paradox basinal subsidence with medial evaporitic conditions were
prevalent during Pennsylvanian Cherokee time, as the San Luis and
Penasco uplifts began to shed coarse clastics into the basin; (3)

thorough marine ventilation and deposition of normal marine shelf to
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semi-basinal sediments during late Pennsylvanian time, as the re-
activated positive elements shed many cubic miles of coarse arkosic

sediments along the east side of the basin; (4) during Permian time

the region was tilted westward and the marine waters retreated; {5)

fine-to coarse-grained continental clastics were deposited over the
area from Permian to early Mesozoic time; (6) during late Cretaceous
time the region was tilted northeastward and marine waters inundated
the region; (7) the area underwent regional uplift and local folding
during the Laramide orogeny at the end of Cretaceous time; (8)

during Tertiary time the 3an Juan basin became a separate tectonic
feature as deep local subsidence and crowding-in of the ringing uplifits
tock place; (9) during mid-Cenozoic time the basin was uplifted

more than b, 000 feet above sea level as the ringing uplifts became
tectonically active; and (10) intrusion and extrusion of late Tertiary

volcanic rocks into parts of the basin.

L.ocal Structure

The Farmington sandstone is well exposed where it crops out
on the western edge of the San Juan basin (Fig. 1), The dip of the
Farmington sandstone ranges from a maximum of 45 degrees south-
east in Township 31 North, Range 13 West, to zero in Township 26
North, Range 14 and 15 West, No faults were noted while doing field
work. At its deepest point within the area of this report, near the
San Juan and Rio Arriba County line, the Farmington member is
covered by approximately 2, 700 feet of younger, uppermost Cretaceous

and Tertiary, strata.







No structure contour map was attempted owing to economic
implications and the lensing nature of the Farmington sandstone;

however, structure contour mape could be made on certain wide ;

spread lenses of Farmington sandstone, Economic implications ali»p
2\
prevented an investigation of possible structural terraces or noses to

determine if folding, or subsidence of the "Kirtland basin" may have

had an effect on sandstone distribution,

Stratigraphy
Regional

The San Juan basin includes rocks ranging from Precambrian
through Recent in age. There are no known Ordovician or Silurian
rocks in the San Juan basin (Cooper, 1955, p. 61).

Throughout early Paleozoic time the region of the basin was
a high shelf area, Cambrian, Devonian, and Mississippian rocks
represent high-shelf equivalents of the thick early Paleozoic sections
of the Cordilleran geosyncline far to the west. It was not until late
Paleozoic time, during the Pennsylvanian and Permian periods, that
the area received sediments of great thickness. The remainder of
the Paleozoic systems have been either partially removed by erosion
or are absent, During Pennsylvanian time the San Juan bagin area
was a southeasterly part of the Paradox geosyncline, From zero to
over 3, 000 feet of carbonates and clastics were deposited in the re-
sultant shelf to basinal area. The Pennsylvanian Hermosa group
comprises the most complete record of deposition during Paleozoic

time. During the Permian, Triassic, and Jurassic periods the area







received great thicknesses of continental sediments (Wengerd, 1959,
p. 2214-16),

Regional unconformities occur between the Cambrian and
Devonian strata; Devonian and Mississippian strata; Mississippian
and Pennsylvanian strata; Permian and Triassic strata; and between
Jurassic and Cretaceous strata.

Field evidence indicates thatthe area received virtually con-
tinuous deposition of sediments from late Cretaceous through Eocene
time (Fig. 3). The upper Cretaceous section is represented chiefly
by sandstone and shale with some coal present in the Dakota sandstone,
Menefee, and Fruitland formations., The only true limestones younger
than Pennsylvanian in age are found in the Jurassic Tedilto and upper
Cretaceous Greenhorn strata. The Sanastee member of the upper
Cretaceous Mancos formation is a sandy limestone and calcareous

sandstone,

The Upper Cretaceous stratigraphic section represents long and

repeated transgressions and regressions of marine waters in the Rocky
Mountain geosyncline. From Upper Cretaceous Dakota time to the final
regression of the sea which deposited the Pictured Cliffs sandstone the
sea was relatively shallow but fluctuated in depth, The resultant sedi~
mentational environments caused intertonguing of sandstone, shale, and
coal, The post-Pictured Cliffs strata are continental in origin, excepting
the Farmington sandstone member of the Kirtland shale which may be
partly or wholly marine or marine-brackish, probably lagoonal, and

congist of conglomerate, sandstone, siltstone, shale, and coal,
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Litholoiic Character

The Farmington sandstone member consists of a series of
more or less resistant sandstone lenses interbedded with shale and
siltstone beds (Fig. 4). The sandstone is usually some shade of tan,
fairly well-consolidated, fine-to medium-grained, fairly well to
poorly sorted, contains varying amounts of feldspar, and has a
chloritic-argillaceous cement and matrix. The sandstone is feld-
spathic graywacke. In most cases the shale is gray to greenish-gray
and silty to sandy., Varying amounts of chloritic material give the
shale its greenish hue, The siltstone is usually greenish-gray, hard,

and micaceous,

Figure 4. The middle part of the Farmington sandstone
type section along the San Juan river, Section 12, Town~-
ship 29 North, Range 14 West, and the lower part of
Measured Section No. 3. Cliff approximately 200 feet
bhigh, View northward,







Environment of Deposition

Bauer (1916, p. 274) states that the Kirtland shale may
possibly have been formed in deltas and lagoons, Foraminiferal
evidence suggests that the Farmington sandstone was deposited in
a shallow marine to marine-brackish, probably lagoonal, environ-
ment., A cross-bedding study indicates that the major source area,
or areas, for the sediments which make up the Farmington sand-
stone member was to the south or southwest,

It is postulated that sediment-laden streams from the source
area flowed down a gentle northeastward dipping regional slope into
the lagoonal waters of the "Kirtland basin" (see p. 28). Current and
wave action sorted and distributed these sediments to the deeper part
of the lagoon. The sand was deposited as lentils and the clay settled
out, on and around the sandstone lentils, to form shale, thus gradually
a highly lenticular section was built up with the thicker part of the
section being inthe deeper part of the lagoonal basin, It is believed that
basinal subsidence, pulsating uplift of the source area, seasonal rain-

fall in the source area, and current and wave action were the chief con-

tributing factors to the highly lenticular nature of the Farinington sand-

stone member,
Local variations in the thickness of the Farmington sandstone

appear to be due to lateral facies changes into shale rather than

intraformational erosion.

Age and Correlation

The Kirtland shale and the Fruitland formation have usually

been considered as a unit in various paleontological interpretations







of their ages, inasmuch as their lithologies, faunas, and floras
are similar,

Holmes (1877, p. 244) believed the strata, which were
later named the Kirtland shale, to be part of the so-called Laramie (?)
group. Shaler (1907, p, 378-379) and Gardner (1909, p. 338) con-
sidered these strata to be in the Laramie formation. Gilmore (1916,
p. 281), (1919, p. 8) determined conclueively, from his studies of
reptilian faunas, that the Fruitland formation, Kirtland shale, and
Ojo Alamo sandstone are of Montanan age and older thanthe Lance
G Laremae formacions. Rnowicon (1910, p. 331) states that the
flora of the Fruitland and Rirtland gtrata is Montanan in age. A
study of non-marine invertebrates by Stanton (1916, p. 310) suggests
that the Fruitland, Kirtland, and Ojo Alamo are equivalent to every-
thing from Fox Hills to Lance, inclusive. Reeside (1924, pl. 1V)
correlates the Kirtland shale with the Vermejo formation of the

Raton ba gin area,

Relationship to Adjacent Units

The Farmington sandstone member of the Kirtland shale appears
to be conformable with the adjacent shale members, and is a concen-
tration of sandstone beds, with some interbedded siltstone and shale,
near the middle of the Kirtland shale (Fig. 5). Both the top and
bottom of the sandstone member are arbitrary due to the lensing
nature of the sandstone units, The thickening and thinning of the
Farmington sandstone section appears to be due to lateral facies

change into shale rather than intraformational erosion.
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Figure5: . Typical Electrical Log showing the Animas, Ojo
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( log after Schlumberger's Typical No. 1 of the San Juan basin).







The Kirtland shale-Fruitland formation contact is conformable
but also arbitrary; and for the purpose of this report, the bottom of
the Kirtland shale is considered to be the point where carbonaceous
strata become apparent on the resistivity curves of the electrical log,
There are no coal beds interbedded with lentils of typical Kirtland
shale,

The contact of the Kirtland shale- McDermott formation is
chosen at that gradational zone where gray shales cease and purple
shales are present in the section, The purple shale in most places
contains varying amounts of volcanic glass and is thus believed to
be volcanic in origin, The purple shale lentils are included in the

lower part of the McDermott formation,

Sedimentary Structure

The majority of the sandstone lentils in the Farmington member

display cross-bedding to some extent. In many sandstone lentils the

cross-beds are too poorly exposed to facilitate measurement or photo-
graphing. Pettijohn (1957, p. 167) was used as a guide while studying

the cross-laminations. According to Pettijohn:

Only the scale, the mean direction, and the variability

of the cross-bedding appear to be significant. The scale
is a function of the current velocity, the orientation of

the cross-bedding is a function of the direction of current
flow; and the variability is a function of the stability of

the current system, * * #* In general the dip of the cross~
bedding is the local direction of current flow, If such
directions of current flow show a regionally consistent
pattern, that is, one with a strong preferred orientation,
instead of a random scatter, then the implied current
movement was probably down the regional slope at the time
of deposition of the bed in question. In general, therefore,
the current flow is from source to site and hence from
older rocks toward younger.







Some cross~laminations were studied and measured in each
of the five measured sections; twenty-six such measurements were
made, The minimum and maximum dip, strike, and thickness of
each unit measured is shown on Table 1. The thickness of the cross-
beds are usually six to eighteen inches with a mean thickness of about
twelve inches. The horizontal lengths of the cross-beds are usually
from 1 1/2 to 2 1/2 feet with a mean length of two feet.

The cross-bedding (Figs. 6 and 7) was found to be the normal
tabular type (Shrock, 1948, p. 245), Dunbar and Rodgers (1957, p.
105) are of the opinion that the evenness of tabular type cross-bedding
is almost certain proof that it was formed not by torrents but by steady
broad currents in rivers, lakes, or seas, especially by currents
carrying sediments into shallow standing water. The cross-bedding
displays a constant northeastward direction of dip, except on the south

where it is eastward (Fig. 8). This suggests a south to southwest

source for the sediments of the Farmington sandstone, A more detailed

study of the cross-bedding would be required before a more definite
conclusion could be reached as to the source areas of the Farmington

sandstone,.

PALEONTOLOGY
The writer was unable to find any macrofossils in the Farmington
sandstone while collecting rock samples from five surface sections,
Thirty-five samples from Measured Sectica No. 3 were sent to Edward
R, Woodside, El Paso Natural Gas Company paleontologist, who found

and tentatively identified the following microfossils:







Table 1

Cross Bed Statistics

Measured
Section No.

Unit
No.

Thickness
of unit

Minimum

Maximum
dip

Direction
of dip

i

2
6
8
10
i3
i5
17

lzll
30"
8"
IZH
8!!
8"
12”

12"
36"
12"
12"
12"
36"

&
6n
60!

15"
12"
l ll'
12"
12'!

18!0

8"
12"
12"
30"

18°
w:
15

159
10

159
10°

20°
20°
259
20°
10°
15°

20°
25°
20°

132
16

19°
259
18°

15°
35°
38°
15°
35°

N8BS E
N82E
NE7E
NSOE
N70E
S80E
S85E

N4OE
N55E
N4OE
N36E
N25E
N3OE

NI1OE
N 5W
N35E

NZOE
N3OE
N37E
N3OE
N4SE

N4zZE
N64E
N6OE
N55E
S65E







Figure 6: Cross-bedding in Unit No, 8, Measured Section
No, 1. View northwestward,

Figure 7: Weathered cross-bedding in Unit No, 13, Meas-
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