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New Late Cretaceous leaf locality from lower Kirtland
Shale member, Bisti area, San Juan Basin, New Mexico

by Coleman R. Robison, U.S. Bureau of Land Management, Albuguerque, and Adrian Hunt, Research Assistant, and
Donald L. Wolberg, Paleontologist, New Mexico Bureau of Mines and Mineral Resources

This preliminary report represents the first sub-
stantial paleobotanic study of new Fruitland or Kirt-
land plant fossils in more than 65 yrs. The florule is
the most diverse one ever found in either the Fruit-
land or Kirtland, and it adds substantially to the list
of taxa known from these formations. The Fruitland
and Kirtland floras need more paleobotanic study;
cooperation from the coal companies in the area will
make this possible. More precise stratigraphic delin-
eation of floras is needed in differentiating the two
formations.

The area in and around Hunter Wash, near
the site of the Bisti Trading Post, in west-
central San Juan Basin, has been actively in-
vestigated by geologists and paleontologists
for almost 70 yrs (for example, Bauer, 1917;
Bauer and Reeside, 1921; Gilmore, 1917;
Clemons, 1973; Hutchinson, 1981). Within
the immediate region, rocks of the Lewis Shale
(Late Cretaceous), Pictured Cliffs Sandstone,
Fruitland Formation, and Kirtland Shale are
exposed (table 1). The Bisti-Fruitland coal
field, upon which this area lies, is estimated to
contain 1,870 million metric tons of subbitu-
minous, low-sulfur coal beneath less than 250
ft of overburden and is the greatest undevel-
oped reserve in the San Juan Basin (Sho-
maker, 1971). To better understand the strati-
graphic record and depositional environments
of the rocks containing these resources, de-
tailed field investigations were made near the
old Bisti Trading Post (Fig. 1). These involved
stratigraphic sedimentologic and paleontolog-
ical studies (Hunt and others, 1981). During
the course of these investigations a new leaf
locality was found in the Fruitland-Kirtland
sequence.

TABLE 1—UppER CRETACEOUS (CAMPANIAN TO
MAASTRICHTIAN) STRATIGRAPHIC UNITS IN AREA OF
HUNTER WASH.

Stratigraphic unit Thickness
0Ojo Alamo Sandstone 20 m
Naashoibito Member 20 m
Upper shale member 30m nonmarine
Kirtland Shale
Farmington Sandstone
Member 120 m
Lower shale member 250 m
Fruitland Formation s0m —m7m————
Pictured Cliffs Sandstone 25m final marine
Lewis Shale 20m regression from
San Juan Basin
Geologic background

The Upper Cretaceous rocks of the Western
Interior were deposited in or near an epeiric
sea that extended from the Gulf of Mexico to
the Arctic Ocean. This seaway, approximately
3,000 mi in length and 1,000 mi in width,
divided the North American landmass into
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FIGURE 1—GEOLOGICAL MAP OF AREA IN VICINITY OF LEAF LOCALITY. Also shown is Fossil Forest, a fossilifer-
ous area currently being studied by the authors and others. Klmv, Lewis Shale; Kpe, Pictured Cliffs Sand-
stone; Kf, Fruitland Formation; Kk, Kirtland Shale; Kkl, lower shale member of Kirtland Shale; Kkf,
Farmington Sandstone Member of Kirtland Shale; TKoa, Ojo Alamo Sandstone; Tn, Nacimiento Forma-

tion; Tsj, San Jose Formation.

two large continental areas. The San Juan
Basin lay on the western margin of the seaway
and was intermittently inundated by the ad-
vances and retreats of the sea (Fassett and
Hinds, 1971).

The Pictured Cliffs Sandstone represents
delta-front and barrier beach deposits (Erpen-
beck, 1979; Cumella, 1981) of the final retreat
of the Campanian seaway from the region.
Coal deposits of varying thickness and lateral
extent and other organic-rich sediments were
laid down in a variety of delta-plain and back-
barrier environments (Erpenbeck, 1979). The
upper portions of the Fruitland Formation
and the overlying Kirtland Shale lack well-
developed coal deposits that are present in the
lower Fruitland. Preliminary analyses of
Fruitland and Kirtland brackish and fresh-
water molluscan faunas indicate a progressive
trend toward fresh-water environments. This
trend implies increasing distance from the Pic-
tured Cliffs shoreline (Hartman, 1981).

Both the Fruitland and Kirtland shale were
named by Max Bauer in 1916 for exposures
along the San Juan River in northwest San
Juan County, New Mexico. Lindsay and
others (1981) suggested that the Kirtland Shale
be renamed the Kirtland Formation as Kirt-
land rocks are predominantly siltstones and
not shales. The Fruitland Formation is domi-
nantly composed of interbedded coals, sand-
stones, and shales. Three members of the Kirt-
land Shale are recognized: the lower shale

member overlain by the Farmington Sand-
stone Member in turn overlain by the upper
shale member (Bauer, 1917; Reeside, 1924).
The contact between the lower shale member
and the Fruitland Formation is imprecise
although many boundaries have been sug-
gested (Fassett and Hinds, 1971, p. 19). Lind-
say and others (1981) suggest, rightly in our
view, the presence of a transition zone be-
tween the uppermost Fruitland and lower Kirt-
land Shale. The leaf locality reported here is
8.2 m (27.1 ft) above the highest coal contact
of O’Sullivan and others (1972) and Scott and
others (1979) and 5.1 m (16.8 ft) below the top
of a red-brown tabular sandstone, the bound-
ary of Dane (1936) and Hutchison (1981).
Pending more precise delineation of the
boundary this locality is assigned to the lower
shale member of the Kirtland Shale.

LocALITY DESCRIPTION—The locality oc-
curs in the SW¥“NE Y sec. 32, T. 24 N, R. 13
W. (Fig. 1) within a measured section of 19.37
m (63.9 ft) of channel sandstones and over-
bank deposits consisting of carbonaceous and
noncarbonaceous mudstones and siltstones
(appendix A; Fig. 2). The locality is just below
the shoulder of a hill and has been protected
from weathering by an overlying resistant
siderite concretion. Although the mudstones
are highly weathered where not covered by the
concretion, the deposit seems to be a lens-
shaped pocket that extends laterally about 3.5
m (11.6 ft).




TABLE 2—COMPOSITION OF FLORA.

Filicophyta (ferns)
Polypodiaceae
Asplenium sp.
Woodwardia ? crenata
Salviniaceae
Salvinia sp.
Coniferophyta (conifers)
Taxodiaceae
Sequoia cuneata
Anthophyta (flowering plants)
Monocotyledonae
Cyperaceae
Cyperacties sp.
Dicotyledonae
Salicaceae
Salix lancensis
S.sp. A
S.sp.B
Juglandaceae
Carya antiguorum
Fagaceae
Dryophyllum subfalcatum
Moraceae
Ficus baueri?
F. crossii
F. planicostata
Platanaceae
Platanus raynoldsii
Menispermaceae
Menispermites belli
Magnoliaceae
Magnolia cordifolia
Lauraceae
Laurophyllum coloradensis
L. wardiana
L. salicifolium
Leguminosae
Leguminosites
Rhamnaceae
Rhamnus sp.
Zizyphus sp.
Vitaceae
Cissus marginata
Dilleniaceae
Dillenites cleburni
Myrtaceae
Mpyrtophyllum torreyi
Taxonomic Position Uncertain
Carpites baueri
C. lancensis
C. sp.
Ficus? trineruis
Rhamnus minutus
unidentified influorescence

Fossil leaves are preserved in light-brown
compressions that vary in quality of preserva-
tion from fair to good. Rare, small, poorly
preserved gastropods and bivalves are found
in association with the leaves and these
specimens will be studied by J. Hartman, Uni-
versity of Minnesota. The environment of
deposition was a meandering stream that
periodically flooded interchannel areas,
creating transient swamps and ponds.

PREVIOUS STUDIES—Although the Fruitland
Formation and, to a much lesser extent, the
Kirtland Shale are rich in plant fossils, re-
markably little paleobotanic work has been
done. The only studies are by Knowlton (1917)
and Lee (1917). Subsequent publications only
have listed additional taxa (O’Sullivan and
others, 1972; Kues and others, 1977; Tidwell
and others, 1981). Based on published studies,
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FIGURE 2—DIAGRAMMATIC REPRESENTATION OF MACROSTRATIGRAPHIC SECTION IN WHICH LEAF LOCALITY

LIES.

Fruitland and Kirtland floras are inseparable.
The new locality described below represents by
far the largest sample of a local flora yet
described.

Floral composition

The plant taxa identified are listed in table
2. Only a few ferns occur in Fruitland-Kirt-
land floras (Tidwell and others, 1981), and the
florule discussed here contains only three gen-
era: Asplenium, Woodwardia, and Salvinia.
Salvinia (plate 1, fig. 1; all further references
to plate figures will be made by the notation
fig. and the number) is interesting because it is
an aquatic, floating fern that requires open
water.

The only conifer in the florule is Sequoia
cuneata, which bears short, lancelike leaves on
young branches and scalelike leaves on older
branches. Sequoia cuneata is thought to have
been a dominant element of late Cretaceous
peat swamps in the Rocky Mountain region
(Parker, 1976). This florule is severely impov-
erished in conifers, which represent only 3.2%
of the assemblage as opposed to 12.3% for the
entire Fruitland-Kirtland flora (table 3).

The anthophyta (angiosperms or flowering
plants) are the dominant element of the flo-
rule, comprising 87.1% of the identical species
(table 2). Monocots are represented by a few
specimens assignable to the genus Cypercites.
In general, monocots are less common in this
florule than elsewhere in the Fruitland-Kirt-
land. On the other hand, 26 species of dicots,
representing 15 genera and 13 families, are
present in the florule. The willow family (Sali-
caceae) is represented by Salix lancensis (fig.
2) and two undetermined species (figs. 3 and
4). For the oak family (Fagaceae), the only
species present is the extinct Dryophyllum sub-
Jalcatum (figs. 5 and 6). This is the first report
of Dryophyllum from the Kirtland Shale. The
genus Dryophyllum is common in Late Creta-
ceous floras of the Rocky Mountains but has

still to be found in the Fruitland Formation
(Tidwell and others, 1981). Three species of
figs (Family Moraceae) occur in the florule:
Ficus vaueri, F. crossii, and F. planicostata.
Ficus planicostata (figs. 7 and 8) is by far the
most frequently encountered species in the col-
lection, with specimens ranging in size from
1.5x 2.5 cm (.6 x 1.0 inches) to 6.2 x 9.3 cm
(2.5 x 3.7 inches). Menispermites belli (fig. 9)
is the only member of the moonseed family
(Menispermaceae) in the florule. The laurela
(Fauraceae) are represented by Laurophyllum
coloradensis, L. wardiana (fig. 10), and L.
salicifolium (fig. 11). Of the family Dilleni-
aceae, only Dillenites cleburni (fig. 12) is pre-
sent. The buckthorn family (Rhamnaceae) has
one species each from the genera (Rhamnus)
and Zizyphus in the florule, but the exact spe-
cies affinity for the specimens is yet to be de-
termined. The remaining dicot families in the
florule are each represented by a single species
and include: Carya antiguorum of the Jug-
landaceae (walnut family), Platanus ray-
noldsii of the Platanaceae (sycamore family),
Magnolia cordifolia of the Magnoliaceae,
Leguminosites sp. of the Leguminosae (pea
family), Cissus marginata of the Vitaceae
(grape family), and Myrtophyllum torreyi of
the Myrtaceae (myrtle family).

In terms of numbers of specimens, the most
frequently encountered dicot genera in the flo-
rule are, in decreasing order of abundance:

Ficus
Laurophyllum
Dryophyllum
Salix
Mpyrtophyllum
Rhamnus
Menispermites

Three kinds of seeds have been recovered
from the locality. They are Carpites baueri
(fig. 13), C. lancensis, and C. sp. (fig. 14).
Two species of dicotyledonous leaves and an
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TABLE 3—PERCENT OF FLORA SPECIES IN STUDY AREA COVERED IN THIS STUDY COMPARED
TO TOTAL FRUITLAND-KIRTLAND (Tidwell and others, 1981).

inflorescence (fig. 15) cannot be assigned with
certainty to any known taxon.
Clearly, the remains of dicots are the pre-

Spetiite:lfor S[:;ges Pei;lciznt Percent of total dominate element in the florule. They make
. . - up 83.9% of the florule as compared with
F - -Ki . .
ruitland-Kirtland report report Fruitland-Kirtland 60.2% for the known Fruitland-Kirtland flora
Filicophyta 9 3 9.7 12.3 (table 3).
(S)csl?ilzl:::izzze ; %; Depositional environment
Cyathaceae 1 1:3 Based on the presence of aquatic gastropods
Polypodiaceae 3 2 6.5 4.1 and bivalves, the fern Salvinia, and the fine-
Salvinaceae 1 1 3.2 1.3 grained texture of the sediments containing
Coniferophyta 9 1 32 12.3 _the fossils, the .deposmon p}fobably took place
Araucariaceae ) 27 in open, standing water (Fig. 3). Presumal?ly
Cupressaceae 1 1.3 small lakes or ponds existed on the floodplams
Taxodiaceae 5 1 3.2 6.8 between stream channels. Lower in the rock
Incertae sedis 1 1.3 sequence, Fruitland interchannel areas were
Anthophyta 55 27 87 1 75.3 ogcupled by coal swamps. In contrast, in the
Kirtland, swamps were far less well repre-
Monocotyledonae 11 1 3.2 15.0 . R .
Sparganiaceae 1 13 sent.ed, spggestmg better drameq conditions
Cyperaceae 1 1 32 1.3 during Kirtland time. The standing water or
Palmae 6 8.2 pond in which the leaves were deposited must
Araceae 1 1.3 have had a high sedimentation rate to retain
Pontederiaceae 1 1.3 compressions of such complete and well pre-
Cannaceae 1 1.3 served leaves. The higher energy, coarser
Dicotyledonae 44 26 83.9 60.2 grained sediments (see B and G of appendix B)
Salicaceae 2 6 9.7 2.7 significantly contain only poorly sc_)rted,
Juglandaceae 1 1 3.2 1.3 broken plant fragments and no leaves. Ninety-
Fagaceae 2 1 3.2 2.7 three measurements of the long axes of leaves
Moraceae 9 3 9.7 12.3 and stems were made and indicate current
L?uraceae 4 3 9.7 5.5 directions with a northeast-southwest trend
Platanaceae 2 1 3.2 2.7 (Fig. 4).
gzy%haﬁc‘;fe i }3 The abundance of medium-sized angiosper-
cicipnyliaceae 3 mous leaves with entire or nearly entire mar-
Menispermaceae 1 1 3.2 1.3 . d dri . indi
Magnoliaceae 5 1 3.2 57 gimns an I1p pomts.may }n 1cate a. warm-
Saxifragaceae 1 1.3 tem_perate to subtroplcal clnpate during late
Leguminosae 2 1 3.2 2.7 Fruitland and early Kirtland time.
Rhamnaceae 2 2 6.5 2.7 0°
Vitaceae 2 1 3.2 2.7
Dillenaceae 1 1 3.2 1.3
Myrtaceae 2 1 3.2 2.7
Cornaceae 1 1.3
Bignoniaceae 1 1.3
Caprifoliaceae 1 1.3
Incertae sedis 6 6 19.4 8.2
TOTAL 73 31 100 100
270°
1
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APPENDIX A—MEASURED SECTION; MEASURED BY
A. HUNT aND J. MENACK, JULY 1980, USING A
BRUNTON COMPASS AND J ACOB’S STAFF.

Total thickness—16.84 m (55.9 ft)

Unit Thickness
No. Description (cm, inches)
029 White sandstone, medium-grained;

about 15% organic clasts 4] 16
028 Light-gray mudstone; finely divided

sand-sized plant fragments 18 7

027 Olive sandstone, fine-grained; with
about 5% organic matter; olive lam-
inae alternate with light-gray fine-
grained laminae 92 37

PLATE 1—REPRESENTATIVE SPECIMENS: 1) Salvinia sp., x 4.62; 2) Salix lancensis, x 0.99; 3) Salix sp. A, x
1.32; 4) Salix sp. B, x 1.32; 5, 6) Dryophyllum subfalcatum, 5-base, 6-apex, both x 0.33; 7, 8) Ficus plani-
costata, 7-x 0.53, 8-x 1.65; 9) Menispermites belli, x 1.32; 10) Laurophyllum wardiana, x 0.40; 11) Lauro-
phyllum salicifolium, x 0.99; 12) Dillenites cleburni, x 1.98; 13) Carpites baueri, x 9.24; 14) Carpites sp., x
2.64; and 15) unidentified influorescence, x 3.63.

Total thickness—16.84 m (55.9 ft)

Total thickness—16.84 m (55.9 ft)

Unit Thickness Unit Thickness
No. Description (cm, inches) No. Description (cm, inches)
026 White sandstone, medium-grained; amber blebs 1-2 mm in diameter;

025

024

023

022

021

020

019

about 10% organic clasts overail but
with plant-rich laminae; grades up-
ward into 027

Gray-green mudstone; 5-10%
organic matter; very rare occur-
rences of leaf fragments

Gray-green mudstone; with
abundantly preserved leaves just be-
low a sideritic concretionary layer
forming a protective cap; leaf-bear-
ing horizon laterally discontinuous

Sandy mudstone, gray-green; little
organic material present

White sandstone, fine- to
medium-grained; crossbedded lami-
nae; less than 10% plant debris but
locally more carbonaceous; locally
red-brown color developed; iron
staining in some laminae; fines up-
ward into 023

White sandstone, fine-grained; 5-
10% plant debris in thin lamina-
tions; grades upward into 022
Light-gray mudstone with less than
5% organic matter; dark-brown sid-
eritic concretions present

Dark-gray (weathered) to black,
lignitic horizon; very friable with

96 38
148 59
148 59

48 19

18 7

20 &

82 33

018

017

016
015

014

013

012

011

New Mexico Geology

dull coal

Dark-gray-green shale; rich in plant
debris {20-30%)

Dark-gray mudstone; lacks plant
debris or carbonaceous material,
grades upwards into 018

Olive sandstone, fine-grained
Gray-green mudstone; occasional
occurrences of plant debris in carbo-
naceous pockets

White sandstone, medium-grained;
well indurated and prominent ledge
former

Gray mudstone; with about 15%
organic debris

Gray-green mudstone, very
carbonaceous (50-60%); very deep,
deep weathering developed (45 cm);
characterized by development of
vegetation along the outcrop of this
unit

White sandstone, fine- to
medium-grained; about 20% plant
fragments in matrix; approximately
10% clay in thin laminae less than 1
mm thick and clay pebbles up to 2
cm x 1 cm; poorly developed ripple
marks

18

20

66
40

64

36

18

147

78

26
16

26

14

59

31

(continued on p. 48)
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Pajarito fault zone
(continued from p. 41)
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APPENDIX A (continued)

Total thickness—16.84 m (55.9 ft)

Unit Thickness
Neo. Description (cm, inches)
B Siltstone, gray-green; scattered

subrounded plant fragments; well-
sorted, averaging 5 mm (.2 inches) in

Mountains, New Mexico: U.S. Geological Survey, Bull. g'::t Description (;rnl:lcil;:}e;) diameter 15.2 6.1
1274-P, p. 1-19 : C Mudstone, gray-green; a few
Cordell, L., 1979, Gravimetric expression of graben fault- | g10 White sandstone, medium-grained; scattered stem fragments; poorly
ing i.n Santa Fe cot}ntry and the Espafiola Basin, New " with large plant fragments up to 5 sorted up to 3 x 5 cm (1.2 x 2 inches) 3.8 L5
Mexico: New Mexico Geological Society, Guidebook cm?; well indurated and forms char- D Mudstone, gray-green; occasional
30th field conference, p. 59-64 acteristic popcorn surface texture horizons with leaves 3 cm (1.2
Dalrymple, G. _B.. Cox, A., Doell., R. R.,_and Gromme, C. upon weathering; some hoodoo (col- inches) in length and also horizons
S., 1967, Phoce{le geomagnetic polarity epochs: Earth umns or pinnacles) development 89 36 of poorly sorted stems up to 1.3 x 2
and Planetary Science Letters, v. 2, p. 163-173 009 White sandst fine-grained: em (.5 x .8 inches) 22.8 9.1
Doell, R. R., Dalrymple, G. B., Smith, R. L., and Bailey, aboute "lam°(‘i‘:l;ris ‘c‘('m'ci g % Mo )
R. A., 1968, Paleomagnetism, potassium-argon ages, i 1 P Undulati beddi i SSeIE gray-grefeni]. hmany
and geology of rhyolites and associated rocks of the 1fn lam(ljnae.l : uall'llg. de mg 3“".‘bled leaves, many of which over-
Valles caldera, New Mexico: Geological Society of inely developed; well indurate lap; leaves subcomplete 2-5 cm (.8-2
America, Mem. 116, p. 211-248 yvnh fine laminations and mud part- . inches) in ler}gth, sm.all fragments up
Galusha, T., and Blick, J. C., 1971, Stratigraphy of the Ings ) Y 4 to 5 mm (.2 inches) in length; poorly
Santa Fe Group, New Mexico: American Museum of Na- 008 Dark gray-green .mudstone with 15- §orted s}em fragments 1-5 cm (.4-2
tural History, Bull., v. 144, art. 1, 128 p. 20% plant debris up to 3.5 cm?* inches) in length and up to .75 cm (.3
Golombek, M. P., 1981, Geometry and rate of extension coarsens upward 30 12 inches) wide; SI]CkCHS‘des up to 39
across the Pajarito fault zone, Espafiola Basin, Rio | 007 Gray-green mudstone with about cm (16 inches) in length, leaves on
Grande rift, northern New Mexico: Geology, v. 9, p. 5% plant fragments and stems; laminae averaging .3 cm (.12 inches)
21-24 grades upward into 008 28 1 apart 17.8 71
, 1982, Geology, structure, and tectonics of the Paja- | 006 Sandstone, white, medium-grained; F Mudstone, gray-green; scattered
rito fault zone in the Espafiola Basin of the Rio Grande with large fragments of plants up to leaves few in number: (a), lens of 2)7.6 3.0
rift, New Mexico: Geological Society of America, Bull., 5 cm?; about 10% plant content 25 10 few scattered complete leaves grades
in review . . laterally into stems and poorly
Griggs, R. L., 1964, Geology and ground water resources 005 Mudst_one, | glr go);-greell;, with sorted small plant fragments, but no
of the Los Alamos area, New Mexico: U.S. Geological gpgr_oy.(lmate Y ’ dcar_ on(a)::)zous 6l > leaves; stems 5-10 ¢m (2-4 inches)
Survey, Water-supply Paper 1753, 107 p. oris; coarsenspivardsinto long and up to 1 cm (.4 inches) wide,
Jiracek, G. R., 1974, Geophysical studies in the Jemez | 004 Carbonaceous mudstone, dark-gray; fragments are subrounded 2-.25 mm
Mountains region, New Mexico: New Mexico Geological up to 40% plant debris is up to 2 cm* (.08-.01 inches) in diameter; (b) b)5.0 2.0
Society, Guidebook 25th field conference, p. 137-144 poorly sorted; coarsens upwards; be- same as lateral, stem-rich portion of
Kelley, V. C., 1979, Tectonics, middle Rio Grande rift, comes much less carbonaceous later- (a), sharp contact with plant-rich
New Mexico, in Rio Grande rift—tectonics and magma- ally (about 10%) 28 1 portion of (a)
tism, R. E. Riecker, ed.: Washington, D.C., American | 003 Olive sandstone, medium-grained; G Lateral from (a) and (b) siltstone,
Geophysical Union, p. 57-70 with some iron staining along bed- yellow-green; few broken plant frag-
Manley, K., 1979, Stratigraphy and structure of the Espa- ding planes; 5-10% plant debris 117 47 ments (no leaves); lens-shaped cross
fiola Basin, Rio Grande rift, New Mexico, in Rio Grande | g2 Gray siltstone; 5% plant debris; iron section 7 x 60 x 15 cm (2.8 x 24 x 6
rift—tectonics_and magmatism, R. E. Riecker, ed.: staining in fractures 18 7 inches) 7.0 2.8
;?\ﬁ;lgngton, D.C., American Geophysical Union, p. 001 White sandstone; fine-grained lenses H Mu dlsto ne, gray—lgreenl; full hof
B . of sand rich in carbonized plant de- overlapping complete leaves that
Rellln;er, R. E., and Y_'ork, ik _E., 19_79._Relat1ve.crustal B el e planltJ debris: cover 100% of surface on laminae
s‘:.bslide;?e f(l;om (lieve.l;ngl\cllata& a_selfngcally detiveipart lenses subparallel to bedding; fines about every .5 cm (.2 inches); inter-
?3;_;43 o} Susncestit, Ne Mexico: Geology, v. 7..p. upward into 002; much lateral varia- vening layersl produce complete - o
Smith, R. L., Bailey, R. A., and Ross, C. S., 1970, Geo- tiondnolanhdebecontenhCatihll B od ; ;?;:;ﬁ;o‘:a;p;;i. Brepres N '
logic m: f i ico: s - ’
é’foﬁogiiﬁl Zuﬂ‘:yfi}’}zﬁ. ﬁg?ﬁiﬁ’_;f ot MEICOUES: APPENDIX B-——~MEASURED SECTION. 5-10 cm (2-4 inches) long and 1 cm
Stearns, C. E., 1943, The Galisteo Formation of north- | Fnit = Thickness gt:n:';;l;::)s :&%ﬁ;ual:;z dn;ra:ri’l ;T:‘l;
;el:l;tral New Mexico: Journal of Geology, v. 51, p. 301 No. Description (cm. inches) mm (.12 to .32 inches) in diameter 15.2 31
A Concretion, dark-brown; siderite J Grades down with less stem to
with veins of barite; rare, poorly subrounded fragments less than 2
preserved leaf impressions extend mm (.08 inches) in diameter to un-
laterally 1.8 m (5.9 ft) 35.6 14.2 fossiliferous gray-green mudstone 459 18.4
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