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1: Stratigraphic nomenclature for the Mesozoic strata in the Carthage
area U. S: G. S.
Geologic Names !
Wilpolt & Wanek i Molenaar Cobban & Hook Committree
- — 1 ; . (1 . . “n a7ay This Study
Jardner Lee Rankin P ike (1951) , (1974) (in press) (Jan. 10, 197%) (1979)
(1910) (1515 (18445 (1947)
| 1 ‘
: : oyster-bearing
\ ‘ Dilco Coal assemblage M
3 ' Member of the 17-23" (5-7m) e
1 Gib : Mesaverde Crevasse Canyon s G
hta é s i - ey Gibson . : . - - -
vontana Mesaverde Mesaverde Dilco Zow ; Formation Crevasse Canyon Formation : coal-bearing ar
g Torm i one .
Formation FTormation . 987+ (297mt) Formation assemblage v o
, atatively H 1 : ’ =t (G 3
(tencatively) c00' (18 | (Drill hole 25t (Bmh) , 133-167' (40-50m) | e u
57 (206m) 685" (206m) 600" (180m) data) | ; o
d
| Gallego Gallup ‘ basal e
Upper part of Gallup T " P sal
. Sandstone C Sandstone assemblage
Member of the : Sooigt (o2 14m)
Mesaverde Formation A50' (v15m)
201 (6m) | %
il -
Niol P do T - i Mancos Shale " D-Cross Shale D—-Cross Shale transition M
liobrara escado Tongue of ) :
: ngu T ; T a o
Formation the Mancos Shale : 5 sant T? Dh? ongue ‘ assemglaée a s
T . ] 225-290" (68-87m) 300" (v30m) : N3 (4m) ah
2007+ {(60mt) 375" (113m) i . .
’ : 1
2 n s e
- ¢ Gall Sandstone Lower Gallup Tres Hermancs c
ks Ps ~ , ‘
mowes gdrt ; ha up Member of (Atarque Sandstone o
Member ok T ¢ i Mancos Shale Membex) Member s
Colorado Mancos Shale Carlile Shale Mesaverde Formation b 240° (72m) n250" (A75m)
{(tentatively) 40Y (12m) ; ;
157 (26%m) © 895" (269m) 330° (9%m) -
‘ ] a
] 1
Greennorn . . . i Mancos Shale Lower Mancos Lower Shale e
Limestone “ prab marine shale . Shale Tongue
Y /0 ' . . ha- >
30" (m) 3007 (150m) | 295-340" (89-102m) 100"+ (30mb)
Graneros Shale
; I 1577 (47m) ‘
j ' Dakota Dakota
skota(?) Dakota(?) or Dakota(?) Dakota(?) + Tres . Sandstone Sandstone
? ( ! : i
Tres Hermanos Sandstone Hermanos Sandstone g 71 (. 21m)
i
75" (23wm) | Sandstone 200" (60m)
' Member of the %
e N A e e ManCOS Shale WWA/\/\M/\/\/M
! Doclkum
. 3 i ,_‘ s —l
iassic(?) ! Formatior
il
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Figure 16 - Irregular lamination characterized by discon-
tinucus laminas which form sets that are wavy and nonpar-
allel in shape. From the coal-bearing assemblage at Section
I1I (Unit #13). Lens cap 1is 6.5 cm (2.5") in diametex.
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to & metere (7.5 to 10') above the base of
roup in every measured section of the basal assamblage.
The concretions are shaped like oblate spheroids (flat-
tened parallel to the stratification) with diameters rang-
ing from C.3 to 1 meter (1 to 3') and thicknesses ranging
from 0.2 to 0.4 meters (8 to 16") (Figure 20). The concre-
tions have the same grain size as the surrounding sand-
stones, ranging from fine to medium sand, but the con-

cretions are slightly more calcareous than the surrounding

Sandstone concratlions occur as distinct outcerops with-

coverad intervals at Secrtion 1T and IV of the cocal-bear-

ing assemblages (Figure 21). These concretions are charac-
terized by somewhat more ilrregular shapes and larger sizes
than those of the basal assemblage. The concretions of the

coal-bearing assemblage range in size from 1 to 1.5 meters

; - N . TR " . o4 o . 1 e T
(3 to 5') in diameter and 0.75 tce 1 meter (2.5 to 3') thick.
e 1 1 < ~F T = RN £ g
The lithology consists of hard calcerecue, fine-grained
T ) il ., " - G o . i~~~ = e - - 5 1 e
sandstone. The concreticons are intensely fractured and
]

iv exhibit cone-in~cone structure around the upper
the concretions; the axes of the cone-in-cone

nermal to the surface of the concretion.
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Figure 20 - Oblate spheroid-shaped sandstone concretions.
From the hasal assemblage at Section 11 {(Unit #6). Tick
marks on the Jacob's staff represent 5 cm (2') intervals.
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ssils: A diverse assemblage of marine

v
.
Q
o

[¢3]

N g i~ o~y
Irnvertebrat

ossils cccours near the base of the basal as-

PR . 1 .
L
LOVETCZDTd e

semblage at Sections IIT and IV. The assemblage includes
four unidentified species of gastropods (Figure 22; A-D),

pelecypods (Figure 22; E) including Caxrdium, and two species

are usua.ly preserved whole as sandstone casts and molds
with small emounts of white calcareous shell material. The

oysters are characteriz:d by gray calcareous shell material

with a pearly luster. Crassostrea solemiscus is rarely

shole but can usually be distinguished from the

commonly whols Ostrea anomioides by its very thick shell

Two types of ovsters occur in the oyster-bearing as-

semblage, Crassotrea solemiscus and Flemingostrea aflf.

prudencia (Figure 22; H). As in the basal assemblage, the

S ]
PR I -1 g gm A e i . 1 - PR ;
ovaters of the oyster-bearing assemblage are characterized
. wr e e~ P e i *) .y
hy gray calcarescus shall material th a pearly luster.

Crassostrea solemiscus is preserved only as fragments but

Flemingostrea aff. prudencia is usually preserved as whole

lated specimens which can be found weathered out on
the lower zurface of the covered interval within the oyster-
bearing assemblage. The assemblage also contains sparse

nelecynods which zre preserved as sandstone casts and molds.
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Crassostresa soismiscus cecurs in a wide range of salinities but
Flemingostrea aff. prudencis occurs only in brackish water
{(Hook, personal communication, 1978, Paleontologist, New

Mexico Bureau of Mines and Mineral Resources, Socorro, New
Mexico). Thus, the presence of these oysters indicates a
<lsh water environment of deposition within the oyvster-
Flora: The most abundant preservation of plant life
occurs as carbonacecus debris and as impressions of stems
and leaves located within the shales and mudstones in the

coal-bearing assemblage. The presence of coal, of course,

indicates Locally concentrated accumulations of plant 1ife
Fossilizaed logs from 1.5 to 7.5 meters (5 to 23') long

occur above the major coal seam of the coal-bearing assemb-

lage at Section II (Figure 23). The long axis of the logs

is oriented in & N-5 direction. The logs are very well pre-
served and cross sections exnibit the radiating and concen-

tric rextures observed in cross sections of modern tree logs.

Laterally adiacent to thece fossilized logs are prcbable
fossilized logs which 2re composed of a hard, light brown
to brackish red ferrugencus material which exhibits elongate

cellular to fibrous texture suggestive of petrified wood.
ment lmpressions occur on stratification
planes exposesd along the dipslope formed by the uppermost
sendstone unit in the basal assemblage of every section

iong usually occur in randomly ori-
Cragments ranging in size up

centimeters wide. The impressions
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Figure 256 ~ Arthrophveus/Ophiomorpha: (&) two burrows with
Y-~ghaped branching oriznted obligque to bedding and (B)
cross secticns of burrows. From the basal assemblage at
Qection I (Unit #5). Lens cap 1s 6.5 cm (2.5") in diameter.
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Paleocurrent directions were measured solely from the
entation of cross-stratificetion. Urientations of the
tabular- or wedge~shaped sets were obtained from the direc-
£ the foresets and orientations of the trough-

hapad sets were obtained from the direction of dip of the

]

W
T

-

trough axes. The effects of tectonic tilting of the strat
were removed through the use of a stereonet in order to ob-

tain the originel orientation of the cross-strata. it is

that at least some of the fault blockes in

- PR T, PR [ A AP TR | PR - o=

the Carthage area have boen rotated during faulting. Un-

£~ P B L SO e LI adt o SRS VI ol S S . e - o -
fortunately, there are insufficient field data to allow for

correction of this event. It is hoped that this possible

structural event will not significantly affect the results

Rose diagrams compiled from individual measured sec-
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the left of the stratigraphic columns on Plate 1. Compos-

= - = Pagany A T Qq~ i v ~
ite rose diapgrams from all measured seciions for each type

e 1 . [ T e el
are shown in Figure 27 A-C.

The ross diagram in Figure 27 A is comprised of 44

mezsurements collected Irom mediutm- (including to near
large-) scale, low-~angle, tebular- to wadge-shaped sets of
tangentizal cross-stratification with both erosional and non-
erosional lower contacts which occur in the upper third to

haelf of the bassl sssemblesee,. After corrvection for tectonic
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tilt, the dips of the cross-strata range from 15° to 24

The alearurranit 2y o re 1 it
& paleccurrent paliern appears to be polymodal with too

£ 14

et

se CGlagram in Figure 27 B is comprised o
asurements collected from medium-scale, low-angle, trough-
ential cross-laminae with erosional low-
er contacts which also occur in the upper third to half of
cf the basal assemblage. After correcticn for tectonic tile,

e from 1° to 11°. Tt should

pe noted that due to these low dip angles, an error of a few
degrees in the messurement of the regiocnal dip of the strata
snd dip of the trough awis could result in trough axes dip-

after correction for tectonic

may possibly be bimodal;
commend the use of

bimodality. The

mi e o N e T o 24O S - ~% o ] £
fhe wose diagram in Figure 27 C is comprised of 14

measurements collectad from mediuvm-scale, high- to Low-

2 e . I PN - o A T | - P

angle, tabular- to wedge-ghaped sets of La angential cross-
ieminas with both erocsicnal and nonerosionzl lower contacts

Ty AT P e T om e EE ] 1
WALCA occur oniy in Lhe sandstone lens within the coal-

1 JR P e S PR h A -
DRETITE assSam LGLOC- at E)E\,tJ_ULL A ALTer correciion Ior tec-
& o




pical of shore-
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current systed. polymodal patterns are

cracterized by polydirectional

3

uwvial oY deltaic environments 21 though this type

i rEorn CATL CECUT in catuarine or marine environments -

L P g b f) ER - e A 4. s ; - 2
ﬁ@;ymoda;, Himodal 0¥ ynimoaal gaLQOlUT;ﬁﬂt patterns can
T a P gt ST et mmien TS
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ek o - e n-tﬁﬂ-‘_ — W o~ x L¢ .
The smount oL verianii v of the dsta 18 also indic-

stive of the environment of deposition. Jungst (1938; as
+ and Dertilom, 1663) found chat in streal

cross—stratification occur
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soread of data is suggestive of o filuvial envircnment al-

though a deltaic, estuarine oOT maorine environment may be

cible. The directional significance o the individual
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Chapter 6

PETROLOGY

Mesaverde Croup and 2) to determine the nature and extent of

v those that would affect the
original graln-size distribution.

Hand Specimen Description: Existing hand specimens and

v"l

thin sections used in previous studies under Dr. John
MecMiilan (Associate Professor of Geol ogy, New Mexico

institute of Mining and Technoleogy, Socorro, New Mexico)
were obtained., The exact locations and stratigraphic posi-

tions of these samples are unknown; two samples were chosen

which are most likely from the basal assemblage based on the

moderately indurated but somewhat friabls sandstones which
eppear internally structureless and do not contain carbonate

ting is moderate and
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&
ine sand for sample X-1 and medium

and for sample K-3. The detrital grains which show no

preferred orientation are subangular to subrounded. The

Qr &
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Petrographic Analysis: Aids used in petrographic

ude 1) Kerr (1959) for mineral identification,
es from Folk (1968), 3) a chart for wvisual
percentage composition and porosity fLrom

wy oand Chilingar (19553) and 4) a chert for visual esti-

mation of roundness and sphericity from Figure 4-10, page

111 of Krumbein and Sloss (19563) Descriptions of grain
size and texture are listed in Table 2, and percentages,
varieties and dlagenetic changes of the detrital components
are listed in Table 3

tered during petro-

ions of the various

components. Due To gradations Ivom distinct lithic frag-

hert to lithic fragments

compesed of clay minsrals and very firely crystalline micas,

distinctions between the respective end members were dif-

Fieul Distinctions of limonite/

<

t and somewhat arbitrary.

}vw

i

hematite acting as cement and cof clay minerals of detrital

jaR

origin, Ifrom those componsnts in the lithic fragments an

/*‘\ el N, m Ea E . 3 »_ . i - s . -
(Dickinson, 1870) which is formed by the deformation of

o
- 1 -~ - T P . = B o 17 - T 4
wesak detrital szrains, in this case, areillaceous Lithic
i 2> ? [l

formation in thin section. The matrix is inhomogeneous,
and bas the composition and texturs of the lithic fragments.
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Table 2: Pertographic texiure
K~1 K-3
Average grain
isize Fine sand Medium sand
Sorting i Poox Moderate
Overall roundness Subangular Subangular tc

subrounded

grains

BO%

82%

; .
% Cament

5%

3%

Types

2rains;
race quartz syn-
taxial rim cement

Mostly quartz syn-—
taxial rim cement;
trace limonite/
henatite

10%

Composition

T

1thic Cragments;

some clay minerals

Same material as
1ithic fragments;
some clay minerals

3%

5%

line > podnt
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Table 3: Detrital components
; K-1 : K-3
14 Quartez 40% 50%
. i o , 11+
, Varieties i Most monocrystalline Most monocrystalline
5 i with straight to with strong undulose
! slightly undulose ex— extinction; some poly-—
E tinction; few poly- . crystalline with both
! ? I !
3 : crystalline with <5 <5 and »5 crystals/
% ! crystals/grain, and grain, and line and
! line and sutured con— sutured contacts be-
! facts between crystals | tween crystals
§ Diagnetic Some embaved or irreg- : Common embaved or ir-—
[} ’ E
changes | ular outlines suggest- regular ocutlines sug-
S ive of dissclution gestive of dissolution
% Potassium
feldspar i 1% 6%
; I
Varieties Subequal amounts of Subequal amounts of
1
orthoclase and micro- orthoclase and micro-
cline cline
| ! i
! Diagenetic ! 38light alteration to/ Slizght alteration to/
. changes § replacement by micas replacement by silica
and/or clay minerals i (chert) or phyllosili-
1]
cates
| 4 Plagioclase
H - <oy o
‘ feldspar 17 %
:f . . : f; .
i Varieties Oiigoclase range i Oligoclase range
i . . - : . P . .
: iagenetic i Some alteration to/ ; Some alteration to/
changes replacement by micas ! replacement by silica
2 : { :
and/or clay minerals § {chert} or phyllosili-
; cates; offset twin
: i lamellae (brittle de-
| formation)
- % Chert 407% 30%
{
Diagenetic None observed Nona observed
changes :




Table 3: (Continuzd)
| K-1 K=3
% Lichic :
fragmentcs E 15% 10%
Varieties ; Most argillaceous; few Most argillaceous,
f contaln sili many countain very
! quartz grains or small finely cyystalline
; : elongate crystals, mica. Few stained by
! 5 Most inhomogeneous; limonite/hematite.
? i some banded. Usually Generally do not show
% E stained by limconite/ mass extinction.
: hematite. Generally do
i not show mass extinc-
f tion.
! Diagenetic Elongate fragments Gradation from dis-
; changes ; cften deformed between tinet fragments to ir-
j more compatent grains; regular masses with
§ gradation from dis- wisps extending be—
! tinct Lragments to ir— tween other grains.
! ] regular masses with
] | wispe extending be-
E § tween other grains.
L% Micas é 1a Trace
Varieties g Most Jight mica; trace Most light mica; trace
i dark mica. dark mica.
§ Diagenatic Elongate grains often None observed.
i changes deformed Letween more
‘ competent grains.
1 % Clay
minerals Trace Trace
, Geeurrence Detrital clay minerals Cne homogeneous medium
: 5 impossible to distin- sand size grain; other
; | guich from lithic detrital clay minerals
f fragments and matrix. impossible to distin-
gulsh from lithic
fragments and matrix.

(Continued)




i
! K-1 K-3
% Opaque i
heavy !
minerals Trace Trace
Varyieties : Hematite Hematite; one grain of
: i leaucoxene.
i i
Diagenetic None observed. Mone observed.
changes
% Wonopague
heavy
| minerals Trace None observed.
{
| Glauconite
!
Diegenetic | Some alteration to/

changas

replacement by clay

minerals
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'he gradation from lithic fragments to matrix ranges fwom
distinct detrital grains to indistinet irregular masses,
frequently with wisps extending between other grains.
Zlongate lithic fragments and mica grains are often
"erinkled" between more competent grains such as quartz.
4 few plepgioclase grains exhibit offset twin lamellae.

Orher matrix material, espvecially in X-3, is silica

with a cherty texture. Possible origins for this inter-
granular material are: precipitation of silica in nre-

viously open pores or pores containing some detrital clays,
or veplacement of/slteration to silica with a cherty texture
of feldspar grains and/or lithic fragments.

Leck of Granulometyic Analysis: The presence of 10-
oy

13% pseudomatrix as determined from petrographic analysis

cason why the sandstones are somewhat friable and

: SRS
ig the

H

"

never better sorted than moderately sorted. The very nature

o

of pseudomatrix precludes the determination of the original

zrain silze distributiou by any method. Thus, the approaches

(ﬁ

O

uaed by such workers as Friedman (1967) and Visher (1969)

.

ion based cn sieve

El

Fh

2
gs)
o

Aa
r4

interpret envivorments of aposi

i

analysis cannot be used., TFurthermore, sieve analysis of

the present grain-size distribution would be hampered Dby

T
A]

the further disintegration of the relatively weak argil-
lacecus lithic fragments during disaggregation and sieving.

For these reascns, no sieve analyses were attempted in this

Cley Mineral Analysis: The purpose
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cf the clay-mineral analysis 1s to 1) identify the clay
mineral components of the samples by X-ray diffraction

netheds, 2) determine the relative proportions of the clay

e
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cach sample, 3) plot variations

H
]
)

< ‘(:i.

J
1
€2}
w
[
Q.
Ky
e
}_ )
£
()
}.J
<

¢ proportions of the clay mineral com-

ponents with respect to stratigraphic position, and
4y determine if these variations can be used as an aid in
the interpretation of depositional enviromments. Carroll's

{1970) paper on X-ray identification of clay minerals
provided the basic reference for the analysis in this study.
Ten samples of shale or mudstone were collected for

outer weathered surface
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with & rock hammer and trowel. A small glass test tube

hen Lilled with sample and stoppered with a cork.

Samples were collected from Section III; thelr strati-
praphic locations arve indicated by asterisks to the left
of the column for Section IIT in FPlate 1. Samples 1-3

were collected from the transition assemblage and sample 4
was collected from a small covered interval about one meter

1

above the base of the basal asgssemblage. The remaining

samples were collected from the coal-bearing assemblage;

sampres 5 and 6 were collected below the major coal seam.
mple

8 was collected just below a channel cut and fill

structure. Sample 10 was collected about 0.5 meters below

D

the base of the oyster-besring assembla

o
.

a3

in the lab, samples were ground with a mortar and

pestle, sieved with a 75u (200 mesh)~-sized sieve, and




nlaced in a small beaker with distilled water. The contents
of the besker were mixed by a sonifier and allowed to settle.
f the sample flocculated or if a residue floated to the top
of the sample, the sample was washed in a centrifuge, re-
mixed with distilled water and allowed to settle. OSediment-
ad slides were then prepared from gravity settled clay
fractions less than 2u. The process of boiling the samples

unnecessary based on results from a trial

2

in EDTA was deeme
run of one slide on the X-ray diffractomater, which showed
little or no carbonate or other salts przsent.

Tach slide was run on the ¥-ray diffractometer three
times; air-dried, glycolated for one hour at 6OOC; and
v a2t least one hour at 375°C. One sample
was alsc run after heating for several hours at 550°C ¢
vy the lack of discrete chlorite. The following are

rhe inetyumental settines used to obtain the diffraction

> o

patterns
Radiation/filter Cu/graphite
Kilovolt/milliampere 40720
Counts per second 2500 or 5000
Standard deviation 3%
Time constant 0.1 or 0.2 seconds
Siits 19-£°-1°
Scan rate ZO/minute
Chart drive 1" /minute

S

7 2 O =0
The slides were scanned from 2° to 35 G.

the X-ray diffraction patterns show
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cemples contain significant amounts of kaolinite,
illite, and mixed-layer clays. Discrete montmorillonite
S crasent i ves 211 amounts (<37 Foir

may be present in very small amounts (<37%) but its presence
ie dependent upon the operater's interpretation of the
location of the background curve. Quartz is also present

in significant amounts but will not be discussed further

The method usad in this analysis to calculate the rel-
ctive pronortions of the clay mineral components has been
) by Austin (personal

communication, 1979, Deputy Director, New Mexico Bureau of

Mines and Mineral Resources, Socorro, New Mexico). The

methcd is based on peak heights rather than peak areas:
T= Ih + K,
b

/ e er
K=K, /7
] B ~ &
Th = heated illite peek height at 10 A
- - 0
£, = kegolinite peak height at 7.15 A
1 *
<
Ig = glycolated peak haight at 10 A
D
Mg = glycolated peak height at 17 A
I = calculated preoportion of illite
M = calculated proportion of montmorillonite
Mx = calculated proportion of mixed-layer clays
K = celeuleted provortion of kaolinite
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The calculated proportions are in parts per one and are

multrinlied by ten to nroduce proportions in parts per ten.
< A 3

Following the recommendations of Austin and Leininger
{19756), results are reported to only one significant figure.

Thus possible values of montmorillonite are too small to be
considered in the discussion of the results.

Figures 29 and 30 show the wvariations of proportions
of clay mineral components as a function of sample numbe
and as a function of stratigraphic position. The propor-
tign of 1llite remains velatively conmstant; two or three
parts per ten. The values of kaolinite vary inversely with
values of the mixed-layer clays. Samples from the transi-
tion assemblage and near the base of the basal assemblage
contain zero to two parts per ten of kaolinite and six oxr
seven parts per ten of mixed-layer clays. Samples from the
coal-bearing assemblage contain two to five parts per ten

o

of kaolinite and three to six parts per ten of mixed-layer
Although no distinct clay mineral assemblage can be
zssigned to eny particular depositional environment, lateral
variations of clay mineral assemblages have been used to
2id in the interpretation of depositional environments,
particularly in the transition from marine to nonmarine
environments. Parham (1966) provides an excellent summary
of the results of various workers and discusses the general
trends of clay mineral assemblages with respect to de-

positional environmments. Direct comparison of the analysis
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of this study with trends found by the majority of investi-

gators is difficult due to differences between clay mineral

assemblages found in their studies and the kaolinite-illite-
mixed-laver clay mineral assemblage of this study.

In a study of modern river sediments, Brown and Ingram

(1954) reported a decrease of kaolinite and an increase of
mixed-layer clays downstream. The change was most pronounced

at the mouth of the river and the head of the estuary.
Brown and others (1877), in a study of Middle Pennsylvanian
delteic deposits, found that the transition from marine to
nonmarine depositional enviromments corresponded with a
decrezse in illite and an increase in kaolinite and mixed-
layer clays. The trend of increasing kaolinite inland,

indicsced by these two studies, is also supported by the

1

same trend observed in several studies of clay mineral

sasemblages containing kaolinite and montmorillonite
(Parham, 1966). This general trend of increasing kaolinite

inland is compatible with the finding in this study that

the marine Mancos Shale to the

kaolinite increases from
continental Mesaverde Group. In the transition from marine

to nommarine depositional enviromments, the findings of

Brown and others (1977) that illite decreases and mixed-

layer clays increase, conflicts with the findings of this

study that illite remains relatively constant and mixed-
layer clays decrease from the marine Mancos Shale to the
continental Mesaverde Group. However, the decrease of

mived-laver clavs observed in this study corresponds to
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nding of Brown and Ingram (1954) that mixed-layer
clays decrease inlend.

lusion, vaeriations of clay mineral assemblages
anvear to be useful, in at least a general way, in detex-
vining depositional enviromments in the study area. Much

more extensive work in the study area will be needed in

4

order to determine the extent o

usefulness of this approach.




Chapter 7

TNTERPRETATION OF DEPOSITIONAL ENVIRONMENTS

as2l and Transition Assemblages: As the basal assem-

e

hlage consists of a 9- to 14-meter (30-47') -thick sequence
of sandstone, the basal assemblage can be considered as a
inct sand body or sand deposit. The approach used in

this scudy to determine the general depositional environ-

¢]
)

ment is to compare the aracteristics of the basal assem-
lage with established criteria for recognizing sand bodies
deposited in particular ernvivonments, based on distinguish-

haracteristics. Potter (l967) discusses sand

5
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bodies deposited in six environments; alluvial, tidal, bar-
rier-island, shallow-water marine, desert eolian and tur-
hidite. Shelton (1967) discusses deposits that are produced
i three environments; alluvial, barrier-bar and turbidite.
s used to distinguish sand bodies deposgited in
sach of these environments include the geometry of the sand

body, sedimentary structures, paleontology, grain size, and

0f the three parameters which define the geometry of a
sand body; thickness, width, and length, only the thickness

42

of the sand body could be determined in this study, due to
rhe limited extent of the study area and the structural
complexities in the study area. Due to the presence of

psuedomatrix as determined in petrographic analysis, the

sorting narameter will be igncred. In this discussion, the
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+he nature of the lower contact of the sand body.
The characteristics of the basal assemblage clearly
fit the criteria for the depositional environments of bar-

+iar-island and barrier-bar, and not for any other deposi-

3

“eonal environmments. Table 4 provides a comparison of the

r

criteria used to distinguish deposits of the barrier-island
and barrier-bar environments with the characteristics of
+he basal assemblage. Potter defines the barrier-island

a2s an elongate sand body which parallels the strand line

.

and separates marine from nonmarine environments which may
include ! 1 or alluvial envi ts. The barrier-
include lagoonal oxr alluvial environments. e barrier

:aland includes sand bodies that formed from offshore bars,

o

caches and dunes. Shelton defines the barrvier-bar as a
coastal sand-barrier feature which separates the marine
envirvonment on one side and a brackish water, either lagoonal
or marsh, on the other side. Both authors compare their
depositional environments toO the recent barrier islands
iccated along the northwestein coast of the Gulf of Mexico.
However, the strict definition of a modern barrier island
requires that a lagoon or standing body of water be located
to the landward side of the barrier island (Davies, Ethridge

nd Berg, 1971). Thus the basal assemblage will not be con-

oW

i dered as a barrier-island deposit until the existence of

453

G

;,_4
&

conal deposits overlying the basal assemblage can be
established. The basal assemblage can be considered as a

coastal sand deposit which separates marine from the non-
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Table 4: Criteria for recognition of coastal sand deposits

and comparison with the basal assemblage

Potter Shelto This study
(1867) (1967 (15879)

Barrier-island
sand bodies

Barrier-bar
sand deposits

Corresponds to
basal assem-

] blage
Associated ! Marine deposits | Marine deposits|{Marine shale
lithologic { below; lagoonal | below; brackish|below; terres-
types for jor terrestrial (lagoonal- trial (coal)
regressive | deposits above. ! marsh) deposits|deposits above.
sequence above.
Thickness 20-60" <100" 40-50"
of sand (6-18m) {(<30m) (12-15m)
body
MNature of jFairiy even; Gradational. Transitional.
bagal i may be Transi-
contact tional
|Cediment- | Asymmetrical - Mottled and Dominantly
Laxy ripple marks, burrowed in planar parallel
structures | abundant gently | lower part; laminated, lo-
inclined bed- horizontal bed-{cally struc-
ding, lamina- ding and medi- |tureless and
tion, lineation, um-scale cross-|abundant medi-
and moderately bedding in um-scale cross-

abundast cross-
beddin.

upper part.

stratification
in upper part.
Rare small-
scale cross-
lamination,
inclined lami-
nation and con-

torted laminae.
Nature of Moderate to Paleocurrent Polymodal to
paleocur- lLarge wvariabi- direction par- |unipgodal with
rent iity from allel to trend | 1807 spread.
vattern cross-bedding; of strong long-|Orientation of
bimodal distri- | shore current shoreline not
butions may and perpendicu-|yet established.
occur. lar to trend of
wave fronts.
Grain size | Fine to madium Sand; upward Fine to medium
sand; vertical increase in sand; overall
increase in grain silze. vertical in-

grain size.

crease in grain
slze.

(Continued)
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(Conitinued)

A Potter Shelton This study
: (1967) (1967) (1979)
}
Diagnostic | Heavy mineral Glauconite. Possible trace
detrital constituents glauconite in
constitu~ | common. Skele- thin section
ents tal debris, K-1.
collophane and
; minor glaucon-
% ite.
| Fauna Shells; gener- Very shallow Marine mollusks
g fally more water marine including
. c robust forms fauna. pelecypods,
: gastropods and
{ oysters.
i ;
‘Flora gNane mentioned. | Finely divided |Fragmental
? plant material.|plant impres-
f sions at the
top.
- , }
| Trace Burrows and Some trails andjLocal occur-
| fossils trails abun- burrows. rences of two

dent.

types of
burrows.
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T order to further define the depositional environ-
ments of the transition and basal assemblages, the charac-
teristics of the various facies of a beach will be dis-
cusced. Terminology related to a beach profile that will
be used in this discussion is illustrated in Figure 31.

Workers who have studied sedimentary structures on
modern beaches include Thompson (1937), McKee (1957), Hoyt
(1982), and Hoyt and Welmer (1963). The foreshore is charac-
rerized by low angle seaward dips from a few degrees up to
8-10° depending on the geographic location of the beach.
Small sand bars which are elongate parallel to the shoreline
often develop and migrate landward. The bars are charac-
rerized by seaward dips of 1-2° and landward dips of up to
20° . The backshore may represent an area of bar and trough
topography with axes parallel to the coastline or an area
of washover of the beach crest. Moderate to high landward
dips are characteristic of the backshore area.

The method of trenching to study sedimentary structures
is difficult to apply to the shoreface, because by definition,
the shoreface is always under water. Thus, the description
of sedimentary structures in the shoreface must be obtained
from studies of ancient beach deposits. Three.studies of
regressive beach sequences deposited during the Late Creta-
cecus in the Western U. S. will be discussed because they
are analogous to both the time and general depositional
snvironment of the basal assemblage. The authors, of these

studies, Campbell (1871, Lend (1672) and Molenaar (19735,
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provide criteria for recognition of the foreshore, shore-

£
Lace

and the faciles located seaward of the shoreface. The

~

eria include thickness of the unit, grain size or lith-
ology, sedimentary structures, and paleontology. Tables 5,
6, and 7 provide comparisons of the criteria used to dis-
tinguish the different facies with the characteristics

observed In this study. In this discussion, the transition

assemblage will be considered as a deposit characteristic

i}

0L a particular environment c¢f deposition.
The characteristics of the transition assemblage cor-

respond to the criteria for recognition of the facies lo-

{2
g\

o
¢
n
]
aE

ward cf the shoreface, which is called the off-
shore-beach transition by Campbell, subshoreface by Land,
anc transitional zone by Molenaar. The transition assem-
biage was so named because 1t represented the lithologic
transition between the underlying shale and the overlying
sandstone of the basal assemblage. The transition assemblage
can now be established as representing deposition in the
transition between the offshore zone and the shoreface.

The description of the basal assemblage corresponds
to the criteria for recognition of the shoreface facies
except in the criteria for grain size. The sandstone in the
basal assemblage ranges in grain size from fine to medium
sand as compared to the very fine to fine sand observed in

the other studies. The sandstone of the basal assemblage

[

oes follow the trend of grain size increasing upward in

the sequence.

-
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Table 5: Critveria for recognition of the facies located seaward of the
shoreface and comparison with the transition assemblage
Thiclk- Sedimentary
Name applied ness Lithology structures
Canpbell Offshore- - Sandstone, Lven parallel
(1971) | beach siltstone and beds, truncated
transition shale. wave~ripple
laminae, wave-
ripple marks,
i rare current-
| ripple and con-
torted laminae;
churned by bur-
: rowing organ-—
g g isms.
2 |
Land Subshoreface| 10~407 Sandstone with Even and sub-
(1872) (3-12m) equal amounts parallel strat-
of siltstone ified; can be
i and silty heavily bio-
i shale; individ-— turbated.
ual beds of
sandstone and
siltstone range
from a few
inches to sev-
eral feet
thick,
Moleneaar ; Transitional: ro 30 Transitional None mentdioned.
{1273 f zone i (Lo Ym) from shale to
§ ‘ sandstone.
This ! Corresponds n15! Sandstone, or Sedimentary
study to the {(~5m) alternating structure dif-
(1979) transition beds of sand- ficult to de-
assemblage stone, silt- termine due to
stone and shale covered nature
grading down~ of this inter-
: ward to shale. val; appears to
be even paral-
lel stratified.




Table 6: (Criteria for recognition of the shoreface facies and compari-
son with the basal assemblage .

E Thick- Sedimentary Fauua and
i nessg Grain size structures trace fossils
; !
QCampbellg - Sand; grain Even parallel Oyster frag-
[ (1971) size in- beds. Commonly ments.
é creases up- ; bioturbated and Burrows.
j ward. abundant trun-
f cated wave-rip-
é ple laminae
: with overall
; ‘ trend of crests
f parallel with
“ the shoreline.
Wave-ripple
marks and con~
torted {convo-
lute) laminae.
T ? EVR el - - i y
Land I 3~50 Very fine to Lower part Very sparse
(1972 (1-15m) ¢ fine sand; dominantly sub-— pelecypods; few
grain size parallel bedded abraded oyster
increases and commonly shells. Bur-
trpwarrd . dostroyad by town ol depoes b
Thin inter- burrowing. Up- feeders,
beds of per part domi-
; shalie and‘ ; nantly cross-
| siltstone | stratified in
near base. shallow trough
sets.
wlenaar 15-50" Very fine to Bedding gener- Fossils not
(1973) (5-15m) fine sand; ally flat; some common; locally
‘Lower grain size gmall-scale, abundant pelec-
-shore-~ increases low-angle in- ypods. Burrows
‘face upward. clined beds. common to
‘ abundant.
Upper 15-30" Fine sand Moderate to Fossils rare.
shore- (5-9m) with some high abundance Burrows minor.
Cface mediun of trough
grains; tross-bedding;
grain size sets are 1-2'
increases thick with dip
upward. directions par-
llel to shore-
line (longshore
i currents).

(Continued)




Table 6:

»

Grain size

Sedimentary
structures

Fauna and
trace fossils

o

Lanls

study
{1979)

Fine to me-
dium sand;
overall
grain size
increases
upward.
Small cov-—
ered inter-
vals of
shale and
siltstone
near base.

R .

Dominantly pla-
nar-parallel
stratified,
commonly struc-—
tureless par-
ticularly in
the lower part
and medium-
scale, tabular
and trough
crogs—strati-
fied in upper
part. Rare
contorted lami-
mae amd To-
clined laminae
near basoe;
small-scale
trough cross-
lamination in
middle part.

Locally abundant
mollusks in-
cluding oysters,
pelecypods and
gastropods near
base. Locally,
in lower part,
common burrows
of two types.
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the foreshore facies

ablie /: +iteria for recognition of
Thick- Sedimentary Fauna and
ness Grain size structures trace fossils
Campbell ——— Sand; Even parallel Oyster frag-
(1971) grain size beds which dip ments. Uncom-
increases seaward at an- mon vertical
upward. gles of usually burrows.
<6°. Uncommon
wave and current
ripple marks,
wave— and cur-
rent-ripple
i laminae, part-
) ing lineation,
and swash and
( rill marks.
!
Land 5-12" Very fine Sub-parallel No fossils.
(1972) (1-4m) to fine bedded; strat-— Suspension
sand. ification dips feeders.
1-37 seaward.
Molenaar 3-207 Fine sand. Bedding is flat Fossils rare.
(1873} 1-6m) or inclined at Burrows COmmOL.
Locally very low an- When overlain
may be gles. by paiudal mud,
com- burrows and
pletely root tubes com-
nissing mon in upper
foot or so0.
This 0': This facies appears to be missing in the study area.
study

(1579
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The sequence of sandstone of the basal assemblage does
not appear to include deposition within the foreshore facies.
Orientation of the Paleoshoreline: Knowledge of the
orientation of the paleoshoreline would provide a useful
tool for the exploration of the coal bodies; coal bodies
would be elongate either parallel or perpendicular to the
shoreline depending on the environment in which the coal
was deposited. Depending on the exact time and location,
the shoreline during the Late Cretaceous in New Mexico trended
from east-west to north-sourh with the land located to the
west and/or south (Steve Hook, personal communication,
1979, Paleontologist, New Mexico Bureau of Mines and Min-
eral Regources, Socorro, New Mexico) .

The orientation of the paleoshoreline is often deter-
mined from the axis of elongation of the sand body which

arallels the trend of the shoreline. However, due to the

g

®

limited extent of the study area and to the structural com-
plexities within the area, the geometry of the sand body
cannot be determined. Thus, other approaches will be needed
to determine the trend of the paleoshoreline.

According to Molenaar (1973), the flat bedding and
small-scale, low-angle beds of the lower shoreface are pro-
duced in a zone that is seaward of the agitating effects
of the breaker zone and of rhe stronger longshore currents.
The inclined lamination in the study area was probably pro-
duced in the lower shoreface and dips at an angle of 6-8°

in an easterly direction (N69OE and S76OE). The author of
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this study did not find any information concerning the
directional significance of low-angle stratification in
thie shoreface zone in the literature; however, the simi-

larity in stratification between the lower shoreface and

T
=y
{

h

oreshore zone would suggest that, as in the foreshore
zone, inclined strata would dip seaward in the lower shore-
face.

Since the basal assemblage represents deposition with-
in the shoreface of z beach, knowledge of the dynamic con-
ditions that produced the cross-stratification in the basal
assemblage can be used to construct a genetic model for
the directional significance of the variocus modes of the
paleocurrent rose diagrams (Figure 27). Shoaling waves
along the shoreface produce symmetrical wave ripples with
straight, long crests oriented parallel with the shore-
line. Longshore currents flow almost parallel to the shore-
line, usually following the ridge and runnel sysﬁem, and
terminate in rip currents which flow seaward. Current
ripples can be produced by both longshore and rip currents.
Thus, along the shoreface, symmetrical and asymmetrical
wave ripples, small-current ripples and megacurrent ripples
can be produced with cross-stratification oriented generally
perpendicular and/or parallel with the shoreline (Reineck
and Singh, 1975).

Campbell (1966) described truncated wave-ripple lam-
inae which occur on the shoreface and are comparable in

¢cale and description with much of the medium-scale, low-
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sets of ecross-stratification found in

Cla

angle tabular-shape

{0
t,_...l
ol

the basal assemblage. According to Campbell (1966; 1971),
the overall trend of the crests of the wave ripples is para-
llel with the shoreline and thus, the laminae should dip

in both seaward and landward directions perpendicular to

the shoreline. Molenaar (1973) found that the dip directioms
from trough cross-bedding paralleled the shoreline and thus,
were the result of longshore currents.

The three paleocurrent modes from the tabular-shaped
sets of cross-stratification (Figure 274A) are orlented
roughly west, north and east. The paleocurrent mode from
the trough-shaped sets of cross-lamination is oriented
roughly north with a minor mode oriented to the south
(Figure 27B). A reasonable model for the origin of these
modes would be that the east and west modes are produced
as the result of wave action and the north modes are pro-
duced as the result of longshore currents. This model, the
eastern dip of the inclined lamination, and knowledge of
the Late Cretaceous shoreline orientation, suggest a north-

south to northwest-southeast orientation of the paleoshore-

o~

line in the study area, with the land located to the west.
Coal-bearing and Oyster—béaring Assemblages: Accord-

ing to Reineck and Singh (1975), a prograding coast would

produce the following vertical sequence ol deposits:

Alluvium

Marsh deposits (peat and coal)
+Tidal flat and lagoonal deposits
Coastal sand

Transition zone deposits

Shelf mud




Because regression and pProgradation produce the same
vertical sequence of deposits, the abové sequence can be
applied to the regressive sequence of deposits described
in this study. The transition and basal assemblages re-
Present the transition zone deposits and the coastal sand,
Tespectively. Because the characteristics of the beach
zone of a mainland beach and a barrier island or spit
are the same, the nature of =a coastal sand body is defined
by the nature of adjacent environments. If the sand body
is separated from the mainland by a lagoon, then the sand
body is considered as a barrier island. If there is no
lagoon present, then the sand body is considered as a
mainland beach. Thus, the presence or absence of tidal
flat and lagoonal deposits in the vertical sequence de-~
fines whether the coastal sand body represents a barrier-
beach or a mainland-beach deposit.

The coal-bearing assemblage can be divided roughly
into two portions; the lower portion which contains two
distinct marker beds which are present in every section,
and the upper portion which contains discontinuous, non-
correlative units of variable lithology. The marker beds
include the major coal seam, and the stratigraphically
lower, distinctive sandstone bed. According to the ver-
tical sequence previcusly outlined, the major coal seam
represents a marsh deposit.

Recognition of tidal-flat (which will be considered

part of the lagoon in this discussion) and lagoonal de-
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posits is diffcult due largely to the wide variability
of deposits that can be produced in a lagoon. A lagoon
can be considered as a complex of sub-environments such
as Lagoonal ponds, tidal flats along the margin of the
pond, washover fans, tidal deltas, tidal channels, and
tidal inlets. The characteristics of both modern and
ancient deposits of these sub-environments, according to
various scurces, are listed in Table 8. In general, la-
goonal deposits are characterized by the interlaying of
lagoonal muds, sand derived from the barrier island, and
sediments derived from the mainland. The sand layers of
a lagoonal deposit may exhibit wave ripples on bedding
surfaces, and internally are either horizontally lamin-
ated or wave-ripple cross-bedded. Lagoonal deposits may
be extensively bioturbated, and may contain peat, oyster
reefs, abundant shells or evaporites (Dickinson and others,
1972; Reineck and Singh, 1975).

Recognition of lagoonal deposits in the coal-bearing
assemblage is hampered by the fact that much of the assem-
blage consists of covered intervals. However, a few exposed
units in the lower portion of the assemblage may represent
such deposits. Unit #13 at Section IIT which is composed
of shale alternating with irregular-shaped beds of small-
ripple cross-laminated, fine-grained sandstone 1is suggestive
of the general interlaying of muds and sands characteristic

of lagoonal deposits.




Table 8:

Characteristics of deposits of various sub-environments associ-
ated with a lagoon

Lagoonal or lagoonal-pond deposits

Source

Characteristics

Berg and Davies (1968)
Lower Cretaceous Muddy
Sandstone of Bell Creek
Field, Montana

Siltstone with irregular and discon-
tinuous laminae and thin vertical
shale~-filled burrows or tubes.

Based on well cores.

Bernard, LeBlanc and
Hajor (1962)
Recent lagoonal and bay
deposits landward of
Galveston Island and
Bolivar Peninsula,
castern Texas coast

Mostly silt and clay containing
shells. Commonly bioturbated.

Land {1972)
Late (retaceous Iox—
hills Sandstone and
associated formations
of Rock Springs Uplift
and Wamsutter Arch
area, Sweetwater Coun-~
ty, Wyoming

Gray to brown shale with common
brackish-water pelecypods, small
amounts of carbonaceous debris and
no root markings or plant imprints.

Masters (1967)
Upper Cretaceous Mesa-
verde Group of Williams
Fork Mountains,
Colorado

Finely laminated, contorted orx
burrowed shales.

Molenaar (1973)
Upper Cretaceous
Callup Sandstone and
associated formations
of northwestern New
Mexico

One to five feet of fissile black
shale which is overlain by three to
ten feet of burrowed, fine-grained
sandstone and underlain by a beach
sandstone.

Tidal~flat deposilts

Dickinson, Berryhill

and Holmes (1972)
Recent deposits asscci-
zted with Padre Island,
south Texas coast

Clayey silty sand, partly laminated
with algal mats, shells, ripple
marks, megaripple marks, slump
structures and mudcracks. Borders
lagoon or bay margins.

(Continued)




Table 8: (Continued)

Tidal-

gh

flat deposits (continued)

Source

Characteristics

Masters (1967)
Upper Cretaceous Mesa-
verde Group of Williams
Fork Mcountains,
Colorado

Clean silt or sand with long crested
ripple forms cf diverse orientatiom.
Located along margin of lagoon.

| Reineck and Singh

(1975)
Recent deposits of
various gecgraphic
localities

Sand flats with small-scale cross-—
bedding of current ripples, or
mixed sand and mud flats, finely
interlayed with flaser, wavy and
lenticular bedding. Biota consists
of limited number of species and
large numbers of individuals.

Washover—fan deposits

Dickinson, Berryhill

and Holmes (1972)
Recent deposits asscci~
ated with Padre Island,
south Texas coast

Shelly sand on bottom, pond de-
posits in the middle and eolian
sand on top.

Fisk {1959 as cited in

Berg and Davies {1968)
Recent deposits of
Padre Island and Laguna
Madre, south Texas
coast

Structureless sand which dis blown
or washed from the beach ridge
toward the lagoon.

Hoyt, Weimer and Henty
(1564)
Recent deposits of cen-
tral Georgia coast

Very fine to medium sand from
barrier islands. '

Molenaar (1973)
Upper Cretaceous
Gallup Sandstone and
associated formations
of northwestern New
fexico

Three to ten feet of burrowed
fine—grained sandstone; may also
represent a tidal-delta deposit.

Reineck and Singh

(1975)
Recent deposits of 5t.
Joseph Island, central
Texas coast

Several superimposed sandy blankets
composed of basal shell rich layer
with erosional contact at base and
upper thin sandy layer with well-
developed even lamination. Small-
ripple bedding and antidune cross-—
bedding in washovar channels and

(Continued)




Table 8:

(Continued)

Washover—~fan deposits (continued)

Source

Characteristics

Reineck and Singh

{(1975) {continued)

distributaries. Burrows and root
mottles common. Thickness of fan
deposit ranges from 75 to 125 cm
and area of fan deposit covers 7 Lkm.,

Tidal-delta deposits

Bernard,
Major (1962)

L.eBlanec and

Recent deposits of
Galveston Island,
Bolivar Peninsula and
asgociated tidal del-
tas, eastern Texas
coast

Sand; cross-bedding may be common.

! Dickinson, Berryhill
fand Holmes (1972)

Corpus Christi Pass,
south Texas coast

Sand and clayey sand with scour
channels and algal mats. Sand is
structureless on subaerial vegetated
parts. Deposits overlie lagoonal
sediments and have been built above
sea level.

;Hasters (1967)

Upper Cretaceous Mesa-
verde Group, Williams
Fork Mountains,
Colorado

Sandstone with multiple sets of
foreset laminae dipping in the same
direction and bounded by bedding
planes. Overlies barrier-island
sandstone.

. Molenaar (1973)

Upper Cretaceous
Gallup Sandstone and
associated formations
of northwestern New
Mexico

Three to ten feet (one to three
meters) of burrowed fine-grained
sandetone. May also represent
wrshover fan deposits. Overlies
shale interpreted as lagoonal
deposits.

helneck and Singh
19753

Recent deposits of
varicus geographic
localities

Clean sand, laminated with occa-
sional mud layers. Some small
ripples and megaripples.

(Continued)
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96

Tidal-Channel deposits

Source

Characteristics

; Bernard, LeBlanc and

P Major (1962)

! Recent deposits associ-
ated with Galveston
Island and Boldivar
Peninsula, eastern
Texas coast

Sand; commonly burrowed and churned.
Former tidal channels trend at an
angle (300—700) to long axis of bar-
rier islands.

©. Bbavies, Ethridge and
derg (1971)

' Recent deposits associ-~
ated with Galveston
Barrier Island, eastern
Texas coast

Vertical succession of structures
and textures akin to fluvial chan-
nels. Overlies barrier island.
Lateral migration of tidal channels
obliterate much of typical shore-
face sediments.

dasters (1967)
Upper Cretaceocus Mesa~
verde Group, Williams
Fork Mountains,
Colorado

Lenticular sandstone body with a
vertical decrease 1in grain size.
Channels are commonly filled with
fines. Located within lagoonal
deposits.

- Molenaar (1973)

Upper Cretaceous
Gallup Sandstone and
associated formations,
northwestern New
Mexico

Fine~ to medium-grained sandstone
with a vertical increase in grain
size., Thickness 5 - 25 feet (1.5~
7.5m) . Abrupt basal and upper con-
tacts, Common clay clasts and car-—

bonaceous fragments at base, burrows,

internal scouring and medium-scale
cross—-bedding. Ripple marks and
thin siltstone or shale interbeds
sometimes present. Dip directions
of cross—bedding variable but often
normal to shoreline with frequent
opposed directions.

Reineck and Singh
(1975)
Recent deposits of
various geographic
locations

Sand; somewhat coarser than in
sand tidal flats, Sand can be
ripple~bedded, laminated or exten—
sively bicturbated. '

Tidal-inlet deposits

" bickinson, Berryhill

“and Holmes (1972)

Recent deposits associ-
ated with Padre Island,
south Texas coast

Lag gravel in center; decrease in
grain size toward lagoon or marsh.
Cross~bedding, and ripple marks in-
cluding megaripples. Beds dip
toward center of inlet, perpendicu-

(Continued)
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Tidal-inlet deposits {(continued)

Source

Characteristics

Dickinson, Berryhill
and Holmes (1972)
(continued)

lar to iglet margins at angles of
up to 30°.

Hoyt and Henry (1965)
and Hoyt, Weimer and
Vernon (1964)
Recent deposits of cen-—
tral Ceorgia coast

Sand from eolian and littoral
sands. Dgpositional interface dips
up to 30 perpendicular to trend of
channel and in direction of long-
shore drift. Megaripples and saud
waves superimposed on depositional
interface. Resulting cross-beds

dip predominantly landward or sea-
ward with a component in direction
longshore drift.
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The distinctive sandstone bed may represent a washover-
fan deposit. Washover fans are the result of the flood tide
of heavy storms breaching the beach ridge and depositing
beach or nearshore sediments in a semicircular area
(Dickinson and others, 1972). The grain size of the sandstone
ranges from fine to medium sand which corresponds to the
range of grain size of the shoreface deposits of the basal
assemblage. Washover fans may be structureless, burrowed,
small-ripple cross-bedded or antidune cross-bedded. Some
fans contain shell-rich layers. The sandstone in the study
area is structureless which may be the result of bioturba-
tion, although no distinct burrows were observed. A recent
washover fan behind St. Joseph Island, central Texas coast
ranges in thickness from .75 to 1.5 meters (2.5 to 5")
and extends over an area of 7 kilometers (4.4mi) (Reineck
and Singh, 1975). The sandstone in this study ranges in
thickness from .5 to 1.5 meters (2 to 5') and occurs in
every section which represents a lateral extent of approxi-
mately 1.5 kilometers (1 mi).

Tidal channels are channels which separate barrier
islands and extend into the lagoon. Theseé channels have
characteristics of fluvial channels but are affected by
tidal action. In this discussion, tidal channels will in-
clude estuaries, defined as the lower courses of rivers
which are affected by tidal action (Curray, 1969). Tidal
deltas are associated with tidal channels, and form both

landward and seaward of the barrier islands, although sea- .

i
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ward deltas are usually destroyed by littoral processes.
midal inlets are the portion of the tidal channel located
between the barrier islands.

The sandstone lens (Unit #9) at Section I may repre-
sent a tidal-chanmnel or possibly a tidal-delta deposit.
The lens which is composed of medium-grained sandstone,
attains a maximum thickness of seven meters, can be traced
for approximately 180 meters laterally and is in erosional
contact with the underlying sediments including the major
coal seam. Internally, the lens is structureless with local
sreas of abundant medium-scale, high- to low-angle, tabular-
to wedge-shaped sets of cross-laminae. The description of
this type of cross-lamination corresponds to that of cross-
stratification produced by migration of sand waves in the
Red River, Louisiana (Harms, MacKenzie and McCubbin, 1963)
and by migration of megaripples (Reineck and Singh, 1975).
The grain size, type of sedimentary structures, and strati-
graphic location of the sandstone lens are comparable with
those éharacteristic of tidal-delta and tidal-channel de-
posits as described in Table 8.

The paleocurrent pattern from dips of cross-lamination
witrhin the sandstone lens, is unimodal with a 90° spread
of directions. The modal direction is tO the NE which is

zpproximately perpendicular to the suggested trend of the
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channels range from perpendicular to oblique to the shore-
1ine trend in either landward and/or seaward directions.
Due to migration of tidal inlets in the direction of long-
shore drift, Hoyt and Henry (1965) found that cross-bedding
dipped in predominantly landward or seaward directions with
a component in the direction of longshore drift.

Thus, the presence of deposits within a lagoonal com-
plex in the lower portion of the coal-bearing assemblage
is suggested by units which may represent deposition in a
washover fan and a tidal channel or tidal delta. Deposi-
tion within tidal flat or lagoomnal pond environments can-
not be ascertained due to the covered nature of the finer
grained deposits within this assemblage. Brackish water
fauna which would distinguish a lagoonal pond environment,
is not present; rather the mudstones and shales contain
carbonaceous debris and fragmental plant impressions. Thus,
the lower portion of the coal-bearing assemblage will be
considered as marsh/lagoon deposits.

The upper portion of the coal-bearing assemblage is
characterized by predominantly covered intervals of shale
or mudstone, and outcropping, laterally discontinuous beds
of siltstone and sandstone which pinch and swell and occa-
sionally exhibit cut and fill structures. Internally, these
beds are commonly planar-parallel laminated or structureless,
and less commonly exhibit medium-scale, low-angle, trough-
shaped sets of cross-lamination. Ripples marks occur on

some of the bedding planes. Abundant carbonaceous debris
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and rare petrified logs occur in the shales and mudstones.

According to Potter (1967), alluvial sand bodies which
include deposits on alluvial fans, floodplains and deltas
are lenticular with erosional scour. Thickness of the sand
bodies range from less than 10 feet (3m) to greater than
100 feet (30m). Conglomerate may occur near the base, and
grain size and bed thickness decrease upward. Sedimentary
structures include asymmetrical ripple marks and abundant
well oriented cross-bedding, commonly unimodal. Associated
lithologic types include siltstones and shales, and possible
peat and coals. Carbonaceous debris, fragmental plant re-
mains, rootlets and logs are characteristic of alluvial
deposits. Due to the non-layer cake nature of the sand
bodies, correlation is difficult unless coal or peat marker
beds are present.

Based on the above criteria, the upper portion of the
coal-bearing assemblage can be interpreted as alluvial de-
posits. Furthermore, these deposits can be interpreted as
floodplain deposits rather than alluvial-fan or deltaic
deposits due to the stratigraphic position above the ééastal
sand and marsh/lagoon deposits, and to the predominantly
fine-grained nature of these deposits. Thus, the upper por-
tion of the coal bearing assemblage corresponds to the flu-
vial sands and floodplain shales considered to be the typi-
cal deposits of the Mesaverde Group.

The oyster-bearing assemblage consists of a five-to

seven-meter (17 to 23") -thick interval which contains the
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brackish-water oyster, Flemingostrea aff. prudencia.
Brackish water conditions are indicative of somewhat re-
Stricted coastal bodies of water such as bays, lagoons or
estuaries. Estuaries have been defined and are regarded in
this discussion as drowned river valleys such as the
Chesapeake Bay (Curray, 1969) . Thus, the oyster-bearing
assemblage represents deposition within one of these re-
stricted coastal bodies of water.

Proposed Modern Analog: A proposed modern analog of
the depositional environments in the transition from the
lancos Shale to the Mesaverde Group is the Georgia coast,
J.5.A. The following description is taken from Hoyt and
lenry (1965) and Hoyt and others (1964) . The Georgia coast
-8 a barrier island coastline with relatively short broad
sarrier islands, 7-18 miles (11-29 km) in length, and 2-5
iiles (3-8 km) wide. Channel inlets which separate the
arrier islands average two miles in width and over 50 feet
15m) in maximum depth. The barrier islands are separated
rom the mainland by 4-6 miles (6-10 km) of salt marsh and
eandering tidal channels. Beach and channel sands are de-
osited by flood tides as much as one mile inland in the
idal channels. Due to abundant fine sediment and luxuriant
lora, partial filling of the lagoonal area and conversion
> salt marshes have baken place.

The barrier islands are composed of littoral, shallow

iritic and eolian deposits consisting of fine to coarse
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sand. The presence of closely spaced tidal inlets is due
to the lack of sand. The tidal inlets which intersect the
barrier islands migrate southward over time in response to
the longshore drift. The significance of the migration of
these tidal inlets is that the shallow neritic, littoral,
eolian and lagoonal-saltmarsh sediments may be reworked
depending on the potential of the shifting inlet and the
depth of the inlet. An individual inlet may affect a strip
6-8 miles (10-13 km) wide. The mechanism of shifting tidal
inlets may explain why, in the basal assemblage, no deposits
of the foreshore zone are preserved.

The deposits of the salt marshes along the Georgia
coast are composed of 1) silts, clayé and very fine sand
.brought in by tidal action, 2) organic debris from marsh
grass and plants, 3) very fine to medium sand from the
barrier island as washover fans, 4) medium to coarse sands
within the sounds and larger tidal channels, and 5) indige-
nous fauna including Ostrea. Each type 6f these deposits
are represented in the lower portion of the coal-bearing
assemblage except for the presence of Ostrea; Ostrea occurs
in the oyster-bearing assemblage, however.

The Georgia coast is characterized by an association
of depositional environments, including a potential coal-
forming environment, which corresponds to the interpreted
depositional environments of this study. Depositional en-
vironments common to both the analog and this study include

the beach environment, and the marsh/lagoonal environments
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with associated tidal-channel and washover-fan features. The
Georgia mainland near the coast corresponds to the floodplain
depositional environment of this study. Due to the humid cli-
mate of the Georgia coast, plant life 1is abundant which pro-
vides the source for organic deposits. The salt marsh is an
environment in which such deposits accumulate along the
coast. The lower portion of the coal-bearing assemblage which
includes the major coal seam 1s interpreted as a coastal-marsh/
lagoonal deposit. The major coal seam may represent deposi-
tion in a salt marsh, as suggested by the analog. However,
further evidence would be needed before such a conclusion
could be reached. Results of a paleobotanical study might
provide evidence for a salt-marsh environment.

Fxamination of the association of environments of the
modern analog provides additional insight into the problem
of interpreting a coastal sand body as a barrier- or main-
land-beach deposit based on the presence or absence of la-
goonal deposits. First, the close association of the salt-
marsh and lagoonal environments in the analog illustrates
that distinction between ancient marsh and lagoonal deposits
would not always be possible. Both types of environments
would produce deposits of predominantly clay, silt, and
fine sand with associated tidal-channel and washover-fan
sand deposits. Second, the analog illustrates that a coastal
sand body can be a barrier if it is separated from the main-
land by a salt-marsh as well as 2 lagoonal environment. Thus,

by analogy, the sandstone of the basal assemblage represents
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a barrier-beach rather than a mainland-beach deposit.
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Chapter &

SUMMARY AND CONCLUSTIONS

The nature of the transition from the marine Mancos
Shale to the continental deposits of the Mesaverde Group
in the Carthage area has been studied along a l.4-kilometer
(.9-m)-transect. Assemblages have been defined on the basis
of lithology, sedimentary structures, paleontology, and
lateral continuity of units and correspond to the following
depositional environments:
1) Transition assemblage - transition zone between the
offshore zone and the beach,
2) Basal assemblage - the shoreface zone of a beach,
3) Lower portion of the coal-bearing assemblage -
marsh/lagoon
4) Upper portion of the coal-bearing assemblage -
floodplain, and
5) Oyster-bearing assemblage - a restricted coastal
body of water such as a bay, lagoon or estuary.
The proposed modern analog for these depositional
environments is the Georgia coast which is characterized by
barrier islands separated from the mainland by a lagoonal/
salt-marsh zone. Analogy with this modern association of
depositional environments suggests that the basal assemblage
represents a barrier-island rather than a mainland-beach
deposit. Reworking of barrier-island and marsh deposits by

tidal inlets along the Georgia coast suggests a mechanism
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to account for the lack of foreshere deposits in the study
area.

The continuous major coal seam in the lower coal-bear-
ing assemblage represents deposition within a lagoonal-marsh
environment located landward of the coastal sand. Thus, this
coal body should be elongate parallel to the shoreline; N-S
to NW-SE as previously determined from the trend of the paleo-
shoreline. The thin, discontinuous carbonaceous shales and
coals in the upper portion of the coal-bearing assemblage
represent deposition in floodplain swamps and thus, should
be elongate parallel to the trend of the river channels;
approximately perpendicular to the shoreline trend.

Semi-quantitative analysis of clay minerals from one
measured section yields an assemblage of illite, kaolinite
and mixed-layer clays. The general trend of increasing pro-
portions of kaolinite and decreasing proportions of mixed-
layer clays upwards in the stratigraphic section, corresponds
to the transition from marine to continental deposits. Pro-
portions of illite remain relatively constant throughout
the stratigraphic section.

Suggestions for Further Work: Further work may prove
useful in more specifically defining the depositional envi-
ronments, particularly of those deposits overlying the basal
assemblage. Suggestions for additional field work include
detailed examination of the sedimentary structures in the
covered intervals and continuous examination of the top of

the basal assemblage for evidence of tidal inlets. X-ray
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radiography of the structureless sandstones would reveal Lhe
true nature of the internal stratification. A paleobotani-
cal study might provide information concerning the nature

of the lagoonal/marsh environment of deposition. If present
in the deposits, assemblages of various species of foramini-
fera may serve as environmental indicators; an example of
assemblages of foraminifera as related to Recent depositional
environments is provided by Dickinson and others (1972).
Finally, results from the limited clay mineral analysis

in this study show that the proportions of clay minerals do
vary stratigraphically and thus, a more extensive clay mineral
study may provide more refined criteria for interpreting de-

positional environments.
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APPENDIX A
Descriptions of Units

Abbreviations Used

bl. blackish¥
br. brown, brownish*
cm. centimeter(s)
di. diameter
dk. dark*
gr. gray, grayish*
gro. grained
lam. Taminated, lamination(s)
lt. light*
m. meter(s)
med. medium
mod. . moderate, moderately
or. orange¥
p. pale
re reddish®
sh. shale™
S5 . sands tone
V. very
yel. yellow, yellowish*
%See also Appendix B for correspondence to GSA color
chart.
Section I

Transition assemblage

Unit #1 - Covered; probably sh.

mod.-sorted, fine-grn.

Uni.t
probably
Unit
ss. with
Unit
coarsens

Basal assemblage

of thinly to thickly lam., gr. or.,
ss. Small covered interval at top;

sh. or silty sh.

#2 - Thin beds

or., mod.-sorted, fine-grn.

#3 - Structﬁreless, gr.
large boulders.

l1tésegang rings. Weathers as

-sorted ss. which

#4 - Structureless, gr. or., mod.
Thin layer of

upward from v. fine to fine sand.

nodules at top.

Unit

#5 - Gr. c1iff-forming unit. Ranges from

or.,

mod.-sorted, fine sand at base to poorly-sorted, med.
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sand at top. Basal 2 m. contain ss. concretions (.4 - .5
m. in di.), and abundant, randomly oriented Thalassinoides
and Arthrophycus/gggiomorpha. Middle to uppeT portion of
unit contains Planar-paraliel lam.; med.-scale, low-angle,
tabular-and trough-shaped sets of tangential cross-lam.
with both erosional and nonerosional lower contacts; and
sparse Thalassinoides. Top of unit forms dipslope of hill
which exposes -ragmental plant impressions (up to 20 cm.
long and 3 cm, wide), and large-scale fractures associated
with red. br. staining.

Coal-bearing assemblage

Unit #6 - Mostly covered. Locally exposed basal med.
lt. gr. mudstone with layers of plant debris (preserved
stems and leaves) .

Unit #7 - V. thick bed of Structureless, 1t. gr.,
mod.-sorted, med.-grn. ss. with red. br. stained sand-
filled fractures perpendicular to bedding. Unit serves
as a distinct marker bed.

Unit #8 - Mostly covered. Top meter exposed by mining
road. Coal and carbonaceous sh. alternating with v. thinly
to thinly bedded, med. 1t. gr. mudstone with carbonaceous
debris.

Unit #9 - v. p. or. to gr. or., poorly-sorted, med.-
grn. ss. Med.-scale, high-to low-angle, tabular-to wedge-~
shaped sets of tangential cross-lam. with either erosional
Or nonerosional lower contacts in basal 1m. and in upper
half of unit; elsewhere structureless. Discontinuous v.
thin beds of nodules. Erosional lower contact, Unit forms
lens which can be traced for approximately 180 m. laterally.

Unit #10 - Mod. vel. br._, mod.-sorted, med.-grn. ss.,
weathers as subangular blocks, and forms dipslope. Typically
Structureless except one example of med.-scale, high-to
low-angle, wedge-shaped set of tangential cross-lam. with
erosional lower contact,

Top of section faulted out,

Section IT
Transition assemblage
Unit #1 - Covered; probably sh.

Unit #2 - Grades upward from 1t. br. gr. sh. to gr.
or., mod.-sorted, wv. fine-grn. ss.
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Basal assemblage

Unit #3 - Gr. or., poorly-sorted, fine-grn. ss. Planar-
parallel lam.

Unit #4 - Gr. or., mod.-to poorly-sorted, fine-grn.
ss. Small ellipsoidal to thin lenses of nodules near the
base. Commonly structureless; locally planar-parallel lam.

Unit #5 - Covered; probably gr. or., mod.-sorted, fine-
grn. ss.

Unit #6 - Gr. or., mod.-sorted, fine-grn. ss. Less
resistant intervals containing ss. concretions (.5 -.6 m.
in di.) alternate with more resistant intervals that are
commonly structureless and locally planar-parallel lam.

Unit #7 - Gr. or., mod.-sorted, med.-grn. ss. Med.-
scale, low-angle, trough-and tabular-shaped sets of tan-
gential cross-lam. with both erosional and nonerosional
lower contacts. Forms top of dipslope; upper contact
covered by coal dumps.

Coal-bearing assemblage

Unit #8 - Covered interval; probably mudstone to silty
mudstone with plant debris and some carbonaceous sh.

Unit #9 - V. thick bed of structureless, v. lt. gr.,
mod.-sorted, fine-to med:-grn. ss. with fractures which are
perpendlcular or oblique to bedding and which form poly-
gonal patterns on the bedding surface. Unit serves as a
distinct marker bed.

Unit #10 - Mostly covered by mining road. Coal exposed
at top one meter.

Unit #11 - Usually covered. Mudstone with plant debris
at base grading upward to alternating mudstones, siltstones
and med. to thick beds of fine-grn. ss.

Unit #12 - Gr. or., mod.-sorted ss. grading upward
from fine to v. fine sand. Planar-parallel thick lam.

Unit #13 - Covered; probably gr. or., poorly-sorted,
med.-grn. ss. at base and possibly some sh. Fractured
concretions (.75-1 m. thick, 1-1.5 m. in di.) of calcareous,
mod.-sorted, fine-grn. ss. form distinct outcrops. Con-
cretions are mod. yel. br. on weathered surface and med.
gr. on fresh surface.

Unit #14 - Irregular thin to thick beds of p. vel.
br., mod.-to poorly-sorted, fine-grn. ss. alternating
with covered intervals of probable siltstone, and mud-




stone containing carbonaceous debris. Possible med.-scale
low-angle trough-shaped sets of v. thin cross-bedding in ,
basal portion. Some Straight, asymmetrical ripple marks
exposed on bedding surfaces. Forms dipslope of hill.

Unit #15 - Mostly covered. Probably alternating inter-
vals of mudstone with carbonaceous debris, siltstone and
med. beds of mod.-sorted, v. fine-to fine-grn. ss. with
one med. bed of carbonaceous sh.

Unit #16 - Covered interval overlain by a thick bed
Qf mod. yel. br., mod.-sorted, fine-grn. ss. which weathers
in subangular blocks 25 em,

Unit #17 - Covered interval.
Oyster-bearing assemblage

Unit #18 - Thick bed of dk. vel. or., mod.-sorted, v.
fine-grn. ss. Contains mod. abundant whole or nearly
whole oysters Flemingostrea aff. prudencia, sparse frag-
ments of Crassostrea solemiscus, and sparse pelecypods.
Rectangular pore spaces (to several cm.) are associated
with planar fractures which form a "honey comb' pattern.

Unit #19 - Covered interval with articulated whole
oysters, Flemingostrea aff. prudencia occurring in basal
.9 m., of Tloat.

Unit #20 - Thick bed of dk. yel. or., mod.-sorted, v.
fine-grn. ss. Top surface has locally abundant thin shell
debris and rare whole or nearly whole oysters Flemingostrea
aff. prudencia.

Section continues upward; not measured,

Section III
Transition assemblage

~Unit #1 - Usually covered. Grades downward from alter-
nating fine-grn. ss., siltstone and sh., to sh.

Basal assemblage

Unit #2 - Gr. or or., mod.-sorted, med.-grn. ss. Domi-
nately planar-parallel lam., slightly incliped lam. at the
top and local zones of folded lam. in the middle. Thin

lenses of nodules and liesegang rings.

Unit #3 - Covered; possibly alternating siltstone and
sh.



Unit #4 - Gr. or., mod.-sorted, fine-grn. ss. Usually
planar-parallel lam. with some poorly preserved, small-
scale, cross-lam. at top. Lens of whole mollusks near the
base; four species of gastropod, pelecypods including
Cardium, and sparse oysters Crassostrea solemiscus and

Ostrea anomiocides. Thin nodule Ilayers.

Unit 45 - Structureless, gr. or, mod.-sorted, med. -
grn. ss. Abundant, randomly oriented Thalassinoides at
the base. Scattered, irregular shaped and sized nodules.
Ss. concretions (.3-.4 m. in di.) near the top.

Unit #6 - Planar-parallel lam. to thin bedded, gr.
or., mod.-sorted, fine-to med.-grn. ss.

Unit #7 - Gr. or., mod.-sorted, med.-grn. ss. Med.-
scale, low-angle, abundant tabular-and rare trough-shaped
sets ol tangential very thin cross-beds. Top of unit forms
dipslope of hill which exhibits an excellent example of
liesegang rings.

Coal-bearing assemblage

Unit #8 - Usually covered. Mostly mudstone with plant
debris and a few thin beds of carbonaceous sh. overlain
by a thick bed of thinly lam., lt. br. gr., silty mudstone.

Unit #9 ~ Structureless, v. lt. gr., mod.-sorted, fine-
to med.-grn. ss. with red. br. stained sand-filled frac-
tures perpendicular to bedding. Unit serves as a distinct
marker bed.

Unit #10 - Mottled 1lt. br. gr. to mod. yel. br. silty
muds tone with plant debris overlain by a thin bed of dk.
red. br., mod. sorted, v. fine-grn. ss.

Unit #11 - Med. 1t. gr. sh.

Unit #12 - Coal with a very thin bed of carbonaceous
sh. near the top.

Unit #13 - Covered intervals of sh. alternating with
irregular beds of gr. or., mod.-sorted, fine-to med.-grn.
ss. with irregular thin lam. Nodules and irregular shaped
bodies of silty mudstone surrounded by cone-in-cone struc-
ture are located on top of the ss. and within the sh. in-
tervals.

Unit #l4 - Covered interval of sh. grading upwards to
carbonaceous sh., overlain by a thick bed of gr. or.,
poorly-sorted, med.-grn. ss. Structureless except for one,
‘med.-scale, low-angle, trough-shaped set of tangential
cross-lam.
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Unit #15 - Covered interval of sh. overlain by a thick
bed of gr. or., mod.-sorted, v. fine-grn. ss. with irrep-
ular lam. Locally large petrified logs 1.5 to 7.5 m. long
parallel to bedding within the sh. interval.

Unit #16 - Covered interval overlain by a mod. yel.
br., mod.-sorted, fine-grn. ss. Local channel cut and fill
structures (l1.5-2 m. deep, 5-6 m. wide, symmetric and asym-
metric in cross section) which internally are thinly to
thickly lam. with local small-scale, in-phase ripple lam.
and med.-scale, low-angle, trough (7)-shaped sets of tan-
gential cross-lam. Clay clasts found in float blocks are
circular to elongate (up to 1 em.) in shape lying on the
lam. plane surfaces but are relatively flat and thin par-
allel with lam. as viewed in cross sections.

Unit #17 - Gr. or., mod.-sorted, fine-grn. ss. Planar-
parallel thickly lam. with well developed parting parallel
to lam.

Unit #18 ~ Covered interval overlain by a med. bed of
dk. yel. or., mod.-sorted, fine-grn. ss. which pinches
and swells from 10 to 30 cm.

Unit #19 - Covered interval overlain by a thick bed
of dk. yel. br., mod.-sorted, fine-grn. ss. Fractures per-
pendicular or oblique to the bedding form polygonal pat-
terns on the bedding surface. Unit forms dipslope of hill.

Unit #20 - Usually covered interval of alternating
sh., siltstone and fine-grn. ss. with one med. bed of
carbonaceous sh.

Oyster-bearing assemblage
Unit #21 - Med. bed of gr. or., mod.-sorted, fine-

grn. ss. with whole oysters Flemingostrea aff. prudencia
and small pelecypods.

Unit #22 - Covered interval with abundant articulated
whole oysters Flemingostrea aff. prudencia occurring in
basal 1.3 m. of float.

Unit #23 - Thick bed of irregular lam. to thin bedded,
gr. or., mod.-sorted, fine-grn. ss. with sparse poorly
preserved pelecypods and fragments of the oyster Flemingostrea
aff. prudencia. Some sinuous, asymmetrical ripple marks on
bedding surfaces.




Section IV

Transition assemblage

Unit #1 - Covered; probably mod.-sorted, fine-grn. ss.
at top grading downward to sh.

Unit #2 - Locally exposed gr. or., mod. -sorted, fine-
grn. ss. Planar-parallel lam.

Unit #3 - Covered interval.
Basal assemblage

Unit #4 - Gr. or., mod.-sorted, fine-grn. ss. Domi-
nantly planar-parallel lam.; elsewhere structureless.
Locally very abundant, usually whole mollusks; four
species of gastropod, pelecypods including Cardium, and
two species of oysters, Crassostrea solemiscus an
Ostrea anomioides. One Arthrophycus/Ophiomorpha oblique
to lam. just above a layer of mollusks. Sparse thin lenses
of nodules.

Unit #5 - Gr. or., mod.-sorted ss. grading upwards
from v. fine to fine sand. Planar-parallel lam.

Unit #6 - Mostly covered. Sh. at base. Top meter is
gr. or., mod.-to poorly-sorted, fine-to med.-grn. ss.

Unit #7 - Gr. or. ss. ranging from mod.~to poorly-
sorted, fine to med. sand. Locally planar-parallel lam.
Abundant, small-and med.-scale, low~angle trough-shaped
sets and rare med.-scale, low-angle, tabular-shaped
sets of tangential cross-lam. with either erosional or
nonerosional lower contacts. Ss. concretions (.5-1 m.
in di. and .3-.4 m. thick) near base. Sparse thin lenses
of nodules.

Unit #8 - Gr. or., poorly-sorted, med.-grn. ss. Domi-
nantly planar-parallel lam. Med.-(to near large~)scale,
low-angle, tabular-to wedge-shaped sets of tangential
cross-lam. with both erosional and nonerosional lower
contacts. Scattered lenses of nodules. Fragmental plant
impressions (to 5 em. by 1 em.) on bedding surfaces near
top of unit. Forms dipslope; upper contact covered by
coal dumps.

Coal-bearing assemblage
Unit #9 - Covered interval.

Unit #10 - Thick bed of structureless, v. 1lt., gr.,
mod.-sorted, fine-to med.-grn. ss. with fractures per-
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pendicular to bedding. Unit serves as a distinct marker
bed.

Unit #11 - Mostly covered. Thinly lam. siltstone at
base. Top third of the unit grades upward from p. yvel.
br., mod.-sorted, v. fine-grn. ss. to p. br. sh.

Unit #12 - Coal with a thin bed of white sh. dividing
the unit.

Unit #13 - Basal thick bed of planar-parallel thinly
lam., p. yel. br. siltstone to v. fine-grn. ss. overlain
by a med. bed of coal.

Unit #l4 - Covered; probably mostly sh. or mudstone
and some carbonaceous sh.

Unit #15 - P. yel. br., mod.-to poorly-sorted, fine-
grn. ss. Med. to thick irregular bedding with probable
med.-scale, low-angle, trough-shaped sets of tangential
thick cross-lam. Liesegang rings and calcite-filled
fractures.

Unit #16 - Covered intervals of probable poorly-
sorted, fine-grn. ss. alternating with med. beds of 1t.
br. to bl. red, v. hard ferrugenous material with struc-
ture suggestive of petrified log remains. Forms dip-
slope.

Unit #17 - Scattered outcrops of fractured concre-
tions (1 m. in di., .75 m. thick) of calcareous, mod.-
sorted, fine-grn. ss. Dk. yel. or. to dk. yel. br. on
weathered surface and med. gr. on fresh surface.

Covered interval; may represent a fault contact.



APPENDIX B

Terminology Used for Description
of Lithology and Stratification

Rock Colors
Rock colors are taken from the GSA Rock Color Chart (1970)
and describe both weathered and fresh surfaces unless other-
wise noted:

Abbreviation Color Munsell
System
bl. red ' blackish red 5 R 2/2
dk. red. br. dark reddish brown 10 R 3/4
dk. yel. br. dark yellowish brown 10 YR 4/2
dk. yel. or. dark yellowish orange 10 YR 6/6
gr. or. grayish orange 10 YR 7/4
lt. br. light brown > YR 5/6
lt. br. gr. light brownish gray 5 YR 6/1
le. gr. light gray N7
med. 1t. gr. medium light gray N6
mod. yel. br. moderate yellowish brown 10 YR 5/4
p. br. pale brown 5 YR 5/2
P. yel. br. pile yellowish brown 10 YR 6/2
v. lt. gr. very light gray N8
V. p. or. very pale orange 10 YR 8/2
white white N9

Grain Size
Grain size of the sandstones according to the Udden-Wentworth
Scale (1922) was determined visually with the use of the
grain size chart from Chilingar (1956).

Sorting
Sorting of the sandstones was determined visually with the
use of sorting images from Folk (1968).

Stratification

Terminology for the thickness of strata is from Ingram
(1954) ;

Very thickly bedded >l m.
Thickly bedded 30 - 100 cm.
Medium bedded 10 - 30 cm.
Thinly bedded 3 - 10 cm.
Very thinly bedded 1 - 3 cm.
Thickly laminated .3 - 1 cm.
Thinly laminated <.3 cm.

Shapes of individual beds are defined as follows :
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Wavy or T —— T
pinch and swell ‘S e Irregular T e~
Sets of stratification:
Field term in this study corresponds to Campbell
(1967)

ET —_ 1 Discontinuous, even parallel
Planar~parallel —
stratification " Continuous, even parallel
Irregular éé%gga Wavy nonparallel
stratification

Cross-stratification

Classification of cross-stratified units is modified from
McKee and Weir (1953) and Allen (1963):

Small- lLow- tabular-
Medium-scale, high- angle, wedge- shaped set of
Large- high-to-low- trough-
planar lamination erosional
tangential (arching) cross- with lower
convex up bedding nonerosional
contact.
Scale based on length of cross-strata: small <30 cm.
medium .3 - 6 m.
large >6 m.
Dip of cross-strata: high angle >202
low angle <20

Shape of set:
tabular | | wedge — | trough <~
Arching:

planar 2200 tangential &4/  convex up szafy

Thickness of cross-strata: lamination <1 cmn.
bedding >1 cm.




Nature of lower contact:

erosional (truncates == nonerosional (does not \kw
lower strata) truncate lower strata) I

Sets of cross- gstratification:

solitary | grouped
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