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AESTRACT

Paleoenyiromnental biofacies analysis of recent wells in dark Devonian shafes dn the Appalachian Basin
has shown that these facies can ba projected tn areas with no control points. In particular, the
facies distribution in Perry County, Kentucky, were found to be precisely those that were predicted
earlier from biofacies and organic geochemical data from the ¥A-1 well in Wise County, Virginia, and
the KY-2 well ir Martin County, Kentucky. This demonstrates the jmportance of thesa data in assessing
the volume of gas in the shale throughout the Dasin as well as in selecting future test sites.

Tha recent biofacies and geachemical work together with 2 review of the tectonics of the basin have
contributed to an avolving interpretation of the geslogic contral of the biofacies.

While a marine environment persisted throughout the Upper Ozvonian over the Appalachian and I1tineis
Basins (and probably the Michigan Basin), mic emergent areas centrolled an internitisnt dintroduc-
tion of larga amounts of organic matter. Large ameunts of nen-marine organic matter were perfodicaily
transported inte the basin from a dynamic scurce proyince to the Scutheast; massive "plooms” of
Jasmanites intermittently spread both east and west from the edgss of the emerging Cincinmati Arch.
At times gne or the other of thesa organic types swept entirely across the basins; at other fimes a
mcra normal open merine biota flourished and was deposited, probably under the fnflpence of connec-
%ions to the cpen seas to the south and northwest, the north bafng closed by the collision and sutur-
tng of continental piates and tha east by the growing Appalachian Mountains,

INTROBUCTLON

The Devonian hlack shales af the Eastern United States once were thuugiht to be uniform in their pas
content. This is not the case, thus, a wore sophisticated tachnique 13 nzeded for the effective
axploration of the Devonian black shalas.

Modern logical/geophysical expteration programs primarily depesd on an understanding of the envir-
ornent EFU degnsitinnugf the involved rocks, ag uel'.lpas the concomitant distribution and ¥aterrelatian-

ships of the various facies patterns. An understanding of the depositional enviromment of the black
shales has mot been reached. This bas Timited the affective development of an explovation program,

*Mound Faci11ty is operated for the i, 5. Dapariment of Enargy by Monsanto Research Gorporation
{Contract Mo. DE-ACD4-76-DPGONS3).
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An understanding of the depositional envirorment s Fntimately connected-with ideas on the origin of
deposits. Modern concepts on the origin and environment of deposition of sediments have grown from
studies of recent deposits and processes. These studies are used as analogs for ancient sediments
and processas, Mo yrecent example of black shale deposition has bheen found that would serve as &n
analog for the Devonlan black shales of the castern United States.

While much hag been Yearnad of the physiochemical pature and regional tectonic setting of black shajes,
these dzia have not been synthesized nto a convincing story of the origin of the deposits. What is
required 1sto review o1d data in a new fashion or to acquire new data. Palynology provides us with
tha new data, -

FALYHOLDGY

Palynology, the study of pollen, spores, and other acid resistant microfessils, has proved to be of
great value in the exploration for oil and gas. The paTynomorphs have wery differsni and distinctive
morphalogies that make them wseful for both correlation and environmental interpretation. They 2lzo
serve as indicators of the thermal history of sediments after thefr deposition,

Although some palynoworphs are yisible to the naked eye {megaspores), wost are very small {less than
200 micrfmsg, and be found in large quantitias in mnﬁ sedimentary rocks. Their abundance in the
rack reflects the initial productivity of that palynomgerph, thair e gf transportation, the rate of
sedimentation, and post-depositional chemical or biclogical changes fn the sediments with which they
were daposited. Not only do palyngmorphs survive bath aqueous and aerial transpovt, but they are
resistart to both hydrochloric and hydvoflouric asid, These acids will break down most clastic and
carbonate rocks, yet leave the palynomarphs wnaffected.

A major advantage of vilng paiynomorphs s that a small semple will yfeld & large quantity and,
usvally, a varisty of palynowoephs. In many instances four or five individual cuttings will together
yield apough information to produce an interpretation of both age and enyironssent. environmental
interpretations are strongest in the Tertiary where comparisons can be made with recent palynumorph
assemblages. Environmental interpretations in the Mesozoic and Paleozoic are based both on extrapo-
iations from recent sedinments and on comparisons with palececological studfes of the invertehrate
fossils in the same strata. Mo other group of fosgils can provide the quantity of information recov-
erabla from the palynomorphs.

The zhales and siltstones in the Devon{an black shales are ddeal for palynpicgic dnvestigations. AT
the strata contain palynomorphs, and many contain palynomorpis useful for biostratigraphic studles,
which may provide much additicnal data to enable formulation of depositional models. Comparison

of the patynclogic datz with the gas potential of the black shales may provide a whole new wiew of
what happened in the Middle and Upper Devonizn epispdes that are reflected in the rock record but
not explafned by it.

PALYNOLOGIC STUDIES OF OTHER DEVOMIAR FORMATICHS

During the time In which the black shales were deposttad in much of North America, won-hlack-shale
facies were deposited 1n adjacent areas. In many of these time eguivalent strata, detailed palepen-
virommental and palynelogic studies have been carvied out, resulting in the working out of relation-
ships between facies and palyncmorphs. Most of these studies have been carriad out in Europe, whers
palynology was ploneered,

In Alberts, Canada, the Upper Devonian contains reefs and associated 1ithofacies. St.ap'lin{” studied
the palynomorphs from those facfes and recorded abundant acritarchs from the normal marine, ¢alcareous
strata. He was alsop able to relate different morpho groups of acritarchs to di{fferent marfne facies.
His work establishad one group of palynomorphs which may be classified a3 "normal marine,”

Another set of time equivalent strata are found in Europe, in morthavn Spain, in the Captabrican
Mountains, the Yegamian Formation, a 4 to0 5 meter thick jet bleck shale overlies the Eremita Formation,
2 reddish, calcarsous tequence. The Tournaisan Yegamian Formation s "strikingly similzr to the
Ehattanoo?a shales of the eastern United States, which are about the same a B this 5 not omly trya
for the 1ithology and trace elements, but alss for the palymolagy as we'l‘l.“? }

In time equivalent strata in Belgium, the black shate facies 15 not present, The strata there, in
part, represent barrier H}and, lagoora®, &nd open marine Tacies, A detailed biostratigraphic {nves-
tigation of those stratald) provides a reference for the typical palynomorph distributions for those
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enviromments. In those near shore and Tagoonal facies the cancentration of spores with graphnal
shapad processas {Anayrospora, Dicrospora and the T1ike} was 2 considerabie percentage of the palyno-
morphs recoversd., No cowparable concentrations heve been se#n in the black shales sampled thus far.

The oper marine facies, represented by sialfow te deep water shales and 511tstones with some carbon-
ates, are well developed Tn Germany, and in some strata in Belgium. The palynomorphs wers deposited
within normal rlin('lljbe conditions and well praserved assemblages of "?Eir Devondan age have been re-
ported by Riggel for the Eifel Reg'an? of Germany, by Yangestaine for tha regios of Tohogne,
Belgium and by Stockmans and Williere(&} for various gutcrop areas in Belgium.

The clastic 01d Red Sardstona Tocalittes in Great Britain are in part, time equivaient to the North
Amerfcan black shales. The terrestrial and Tacustrine ﬁfoﬂts in tha 01d Red Sandstone ¢nntai?
wall devalopad spore assembleges (studied by Richardsonl/! in England and Scotland and by Higgs 8]
in Irgland), These spore assembleges are totally lacking in marine palynomorphs and are represented
By very diverse assembleges of microspores and megaspores. These terrastriz]l deposits, fn which the
:;E?m mﬁgﬂ is wholly of terrestrial accumulations were available for transport into adiascent

GENERAL PALVNOLOGY OF THE DEWONIAN BLACK SHALES

The Devonian biack shales do not physically resesble the contemporary terrestrial or normel marine
Tithofacies. There is a monctony assoclated with the d¢fferent shale members which is unequaled in
contemporanzous strata, Thara arve few lenses rich in diverse invertebrate fossils and few black shale
Tenses with well preserved megascopic plant remains. Shale facles can be traced from well to well,
Il:-uticnrre‘lltiuns ave difficult because of a Jack of the kinds of fossils more comeonly used for corre-
atian.

Palynomorphs are common in all the samples studiad to date. The black shala palynomorphs dnclude some
palynomorphs known to be of terrestrial orlgin as well as other palymowarphs known to be marine in
ordgin,

To astablish a framework of the kinds of paiynomorphs found dim the black shales and associated strata,
this paper wi¥1 review the general groups of palynomorphs associated with these sediments,

CHITINOZDANS are ralatively Targe, flask shaped palynomorphs. They are found excliusively in marine

rocks and "fﬁ}““f“' in dating and corvelating rocks of Ordovician, Sturian and fevonian (Jansonius

and Jenkinsi¥'}. Many chitinozoan workers believe them to of animz] crigin, although some mycologists
argie £ are of fungal origin. Chitinozeans {Plate 1. Figs! 1,2) are found sporadically im the
black shales and seldom comprise diverse assemblages.

They occur most commonly with the normal msrine biofacies, but occesionally ferm & small part of the

Tasmanftes - rich biofacies,

SCOLECODGNTS are the acid resistant teeth of polychaete worms. They are foumd efther as singla fso-
Tated olements [Plate 1, Fig. 2) or in apparatuses. Scolecodants are found associated with the normal

marine palynomorph assemblagas as well as with some of the Tasmanftes rich assemblages.

ACRITARCHS are (Flate 1, Figs., 4-6} are acid resistant palynomorphs belfeved to have been of alpal

prigin, although precise affinities to saxtant algal mrauns have noi been establishad far alt acri-
tarch genera. Paleozoic acritarchs ara known on z from marine envirpnmants. In the hlack thaies
acritarch assemblages are abundant and diverse, abundant amd of limited taxonomic diversity, Timited

diversity amd 1imited abundance, or abzent.
Thesg three groups of palynomarphs comprisa the distinctive maripe palynomarphs dn the hiack shalas.

In spme parts of the black shale facles there are large quantities of material derived froa land
plants. A1l the vitrinfte analyses, for example, are based on Tland plant debris. The material
derived from lamd plants is distinctive and 15 smmarized in the foliowing paragraphs:

Fragments of woody debris are a major pertion of many of the samples analyzed. Ir some instances
the wood 15 'Iaentgﬁaﬁle only by the angular silhouette, but other pleces of “woady" kerogen
are 1dentifiable by the distinctive structurs of the trachaids (Plate II, Flgs. 1, 2, 3, 4).

Eand plant spores and prepollen are alse abundant 4n some.of the samples.
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Megaspares are, by definition, spores greater than 200 microns in size. Although there are some
megaspore specimens (PTate II, Fig. 5) in the black shales, they are not common constituents of
the palynomorpk assemblages. When megaspores are common, the envirenments are ofien terrestrial
or transitional. Because of their Targe sizes the megaspores are less prane to aevial ov aguatic
transport than are other plant spores,

Spores with grapnel ShaEEd processes are among the most distinctive spores found in the black .
shales. 5 group includes a n r of form genera and species which are currentiy under?u‘tng

taxonomic revision {by a Commission Internation du Microflore du Palsegoique mrkin? group

The spores are distinctive in that they have distal processes that look like grappling hooks.

In some instances the spores are well presarved (Plate II, Figq. &) and other specimens have orly .
the hpok and the process {Flate [I, Fig, 7). This group of spores wara found to ba very abundant

in lagoonal £i11s behind a barrier island in the Upper Devonian of Belgiwm.(3) No comparable

abundances were found in the black shale samples studied 21though there are some gpecimans in the

samplas interprated to be mare near shore than others.

Spares 1n Tetrads 15 another group of spores asscociated with terrestrial conditions. Miospores
are formed in tatrads and then break apart during dispersal. When large quantities of spores
Tn tetrads are found, the tetrads imply that the spores are near to their source.

There are also Zonate and Saccate 3pores in the samples #P]ate IT. Fig. 8}, The zona and sagci
Facilitated 2erTal dispersal and it 1z often this sort of spore (v pre-pollen) which are found
in samples in which other spores are missing. The saccate Ratis?ﬁl IEHidgghi{tu, for example,
occurs in large concentrations in the upper samples from the £Y-4 an -4 welis. Its great
concentrations may be due to {ts having an excellent aid to aerial dispersal.

Other Sﬁres are &130 comeon in many of the samples (Plate II, Fig.9). They are distinguished

by morpheTogy and are yseful for correlation, Their similarity of sizes and thedr lack of extra-
ordinary ornamentation here preciudes detaiied discussion of their fores. AL present, many of

the genera do not appear to be environmentally signifigant as regards their growth habitat or

their propenzity for aerial or aquatic dispersal. _

The third group of Palynomorphs includes specimens of the genus Tasmanites, and specimens infor-
mally called Jeiospheres and sphaeromorphs.

The leiospheres (Plata I1I, Figs, 5, 8} and sphacromorphs {Plate I, Fig.&) are thin-walled
spherical palynomorphs that are comeonly found in marine strata, Thedr $i2es vary and there is
very Httle that 1s distinctive about any of the forms, Foem species have been established for
differant sizes and for sculptural features, but the form species have little, if any, biostrati=-
graphic significance for correlation. The lejospheres and sphaavomorphs are found in mast of

the samples run for this black shale proejct, and do not appezr to be environmentaily significant.

Tasmanites iz a very distinctive palynomorph {(Plate [1I, Figs. 1-4, 7}. Llarge specimens can be
seen on some hlack shale bedding planes (and it has sometimes been identified as Sporangites in
lithelogic description). The specimens are sﬂharas with very thick walTs, and sge-:irlens may
range in sizes from 10-15 microns to several hundred microns in diameter. Some form species
have beer estahlished for specimens with different openings, different fold patterns and differ-
ent Sizes, but the specimens in the black shate wells are not clarified by such a classifization,

Tasmahites specimens ocour throughout the stratigraphic column, but most often they are minor
constituénts of the total palynomorph assemblage. One exception is tha Permian-aged "whitecozl”
or Tasmanite of Tasmania which is very rich in Tasmanites., A second exception are the Tasmanites
concentrations in the Devonian black shales of Novth Fwerica. -

KEROGEN FACIES IN THE DEYOWIAN BLACK SHALES °

This paper discussas four "kerogen facies" and the transitions between them as they are found in cone
ventional ¢oves drilled by the Eastern Bas Shale F"ro“leat. The term "kerogen facies,* in this paper,
refers to the kerpgsn recovered from 2 sample and will inglude allocthanous and autccthancus materjals
which accumlated together in that zssemblage. The "kerogen facies" are distinctive in that t
represent asseclations of organic material which were deposiled together and represent a replicable
and predictable circumstance of accumulatien.

Three of the four kerogen Tacies were depasited in marine environments, but the kerogen types vary
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greatly. The fourth kerogen Tacles may have beem deposited in a transitional area betwsen marine and
non-marine sedimentation, This fourth facies will he referred to here as the transitional-oxidized

facies.

'Within the black shales there are a few stratigraphically limited zones in which the palynonorphs all
appear to have been axidized and have, in transmitted 1ight, a mich more mature appearance than those
from surrounding strata. The acritarchs and spores include specimens from above and below stratigra-
phically. The sample is different in quantity of organic recovery (less than that of adjacent strata)
and in the oxidized appearanca of the kerogen particles. :

The oxidation of material of marine and terrestriz]l origin may be explained by any of the followirg
hypothases,

{1) The kercgen was deposited in a marine environment which was subrject te a regression
and subsequent oxidation, Teaving an accusulation of oxidized kerogen.

{2} High tides deposited marine material in & supratidal or intertidal envirnonment and
marine ard autccthanods materials were oxfdized in sifuy.

{3} Oxidation occurred to both the marine and non-maring materials somewhere else, but
gl about the szme time. Currents transported the oxtdized materials Inte the marine
environment as part of the sedimentary bed load.

The second kerogen facies (Plate I1} is characterized by large guantities of terrestrial dehris and
small quantities of marine palynomorphs. Reference tq the "Terrestrial facies" is & refereace to the
dominant constituent which acewwTated and overwhalmed the autocthanous maring material.

Samples in the terrastrial kerogem facie: contain larga amounts of woody debris. Thiz quantity of
-woody debris encompasses both fresh (first cycle) woody material {telinife and collinite -~ the two
kinds of vitrinite} and also reworked and oxidized woody material. The relative amounts of first

cycTe and recycled vitrinite can be seen an the vitrinite histograms,

The spore assemblages zssociated with the woody debris vary in abundance and diversity. In some
samples there are very few spores and in other samples they compose & significant volume of the total
recovered kerpgen, Tha spore concentration may reflect the importance a?‘aer‘iﬂ VeSS AqUeOUs trans-
part. [t may be that spores are more prone to aerial transport and the woody fragments more prone

to transport as part of the sediventary bed 1oad.

Another point of view would assume 2 continual and/¢r time-averaging supply of land plant spores.
Thus, 1f we assume the supply of spores to have been constant over an interval of time, we ¢an relate
the accuwmlation of cther types of organic material to a presumed time conztant, we may be able to
piot the waxing and waning of currents supplying woody debris or conditions favoring the accwmulation
of other maring palynomerphs.

To call this facies the "terrestrial kerogen facies" accurately reflects the dominant Kerogen and also
serves to separate it from the gas and oil prone marine kerggen facies. The terrestrial facles was
deposited in a marine environment, but the marine environment contributed 15ittle to the "terresirial
kerogen Facies." The phase "terrastrial kevogen facies" js somewhat mslezding in that it does not
mean o say that the material was deposited in 2 terrestrial enmvironment but should be considerad

a shortened phrase for “kerogen of dowinantly tarrestrial origin deposited in a marine environment
which contributed only a small amount of marine kerogan to the total kerogen accumulation.”

The third kerogen facles is referrad 3o as the normal marine facies because it contains palynomarphs
typical of normal marine condition: slsewhere in the tame time period. Acrftarchs, occasional chitin-
pZoans, occasional scolecodonts, Jelospheres and sphaeromorphs are found in the samples which have
ralatively littiz Jand plant debris and few Tasmanites. In some samples thers 1s a large variety of
acritarchs (Plate [, Figure 6} but in normal mirine Tenses within the black shales there 15 often a
great abundance of the acritarch ¥eryhachium trispinosum and only & limited vartety of ether acritarchs.

the scarcity of chitinozoans in the upper =amples cannot e attributed to changes in marine environ-
ments.  Inconvenfently, chitinozoans became extinct in the Lpper Devonian. The distritution of scole-
cidonts is probably tied both to the availability of fond and to the presence of a suitable enviren-
mant.
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The Taurth kertgen facies, ard the most important in termws of gas potentlal, 15 the facies character-
ized by large accumulations of the green alga Tasmanites. The Tasmanites accumulated in great quanti-
ties producing rocks high in total organic carkom content. The environment which favored this accume-
lation somehow was unfavorable to the aceumulation of other marine palynomarphs. Aceitarchs are very
gcarce in the Tasmanites facies and there are no diverse acritarch ascemblages associated with the
Tasmanites accumrlations, Scolegodonts are faw, as are chitinozoans. In most samples land plant
spires are equally scarce with only saccate or 2onate spores presant.

The Tasmanites were appxrently daposited {n maring conditionsz, bul the wirtual absence of so-called

normal marine palynomarphs strongly implies that Tasmanites were a!:cumulat'fn? tn a special environment

of some sort - one that was biolagically or environmentally, or even physicaily restricted from both

the "pormal marine” and the "terrestrial® kerogen facies. It was somehow different from the contem- -
porary enviromments. The Tasmanites envircnments Flourished, were replaced with ather environments

and floyrished again. There are periqds of environments changing from Tasmenites to other and back

again over twenty faot intewvals. Only with further investigations will we b2 able to define the

parameters that governed Tasmanites accunylation and define the factors which Tavor Tasmanites accu-

malation to the exclusion of other palynomorphs.
RELATIONSHIF OF KERDSEN FACIES WITH OTHER GEVOMIAN SLACK SHALE CHARACTERISTICS

The Beyonian black shale intervals can be characterized in ferms of the four facies outlined. In the
following, only thres of the facies {terrestrial, normat marine, Tasmanites-restrictad marine} are
discussed. The fourth, the transitional-oxidized facies, will be presymed to Tie at some distance on
$iﬂ11er side of the 1ine joining the terrestrial facies with either the norwel marine or Tasmanites
acles.

Pal{no!ugic studies determined the dominant kerogen facies of selected samples from the EGSF cored
wells, For several wells these kerogen facies were plotted versus the gama-ray logs, Also, the
organic richness and the rock color of these intervals were evaluated.,

These results indicate a consistent re‘la.tianshiﬂ between the high ?ama-peaks, blacker shale colors
(N1-K2's}, highar organie vichness values and the Tasmanites-restricted marine facias. -

The palynomorphs have been shown to be characteristic for certain depositional envirvonments. It would

appaar that the Tasmanites ame characteristics of the biack shale depositional facies. Thus, corre-

lztion of Tasmanites 2ones will give correlation of black shale facies, and the Tasmanites palyno- -
morphs will H2 proved a useful tool in correlation of black shales 7n the Devonian. A cross-section

based on the Tasmanites-restricted marine facies 1s presanted in Figure 7.

The cross-section indicates the general divection of influx of the palynomorph-bearing material. This
i5 deriyved from 2 knowledge of the dapositional patterms in the Appalachian Basin, The main fnflux
of ctastic material during the Middle and, especially., the Upper Devonian is from the Catskill Delta
complex. This delta was centered in eastern Pennsylvania sEmad'ing material to the west and south-
west (Figure 2). Along the western edoe of anclent Appalachia other miner fluvial/deltaic systems
spread clastic material to the west and aorthwsst fnto the Deyvonian Appalachian Basin, On the western
sTde Of the Appalachian Basin, periodic omergence of the Cincinmati Arch resulted in small quantities
of clastic sediments being deposited to the east. HNo Devonian sediments in the Appalachian Basin are
known to be derived from the north or the zouth,

There was a general reqression of the Tasmanftes-restricted marine zomes from north to south Th the
Appalachian Basin with tine.

The earlier Tasmanites innes are quite extensive spreading far to the north. later Tasmanites zemes
do not extend as far as a result of thae grugrading of the Catskill Delta complex. Thiz event deposi-
ted iis clastic sediments and terrestrially derived paiynomorphs farther to the southwest with time.

RELATIONSHIP OF THE TASMANITES FACIES TO THE ODRIGIH OF THE BLACK SHALES

The Tasmanites sesm to be intimately related but not entirely restricted to the black shales. The .
Tasmanites are at times the oniy palynomorph present in the Devonfjan black shales. Thus the occurrence
of Tasmaniles seems to be refated to the origin and nature of the black shales.

Enfortunately, an insufficient knowlmdge of the Jife habits of the Devenian Tasmanites fnhibits under-
standing their predominance 1n the black shales and their environment of deposition. More work needs
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to be done on this phase. .

Other argas of ressarch in conresiion with this probiem dnvolve; investigating modern depositional
gnyironments of Tasmanites-iike fauna, comparing the Tasmanites black shates of Devenian age with
graptolite-bearing black shales of Ordivicfan and 3Hiurian age, and eveluating the relationship
between the high natwral rvadicactivity and Tasmanites zones.

Much data witl need to be synthesized to come up with an answer to the quesiion concerning tha origin
of the black shales and thelr reletienship to the oceurrence of Tasmanites.

Tasmanites is comsidered a greanalgas, Parbhaps one answer to the question of the predominance of
Tasmanites in the black shales is in the phanomenon of "algal blooms,™ This would produse a large
blomass of the fasmanites cver a wide area. Upom extinction this would produce the large cuaniity

of organic matier found in the hlack shales. The "Tagmanites blooms" would alse have resulted $n the
d:pl:t1$p of %:e oxygen In the Devonfan Appalachian waters, jeading both to the death and preservation
o & Tasmanites.

Congitions laading to the formaiion of the Lipoms are wnkmnown. It appears from studjes of the dis-
tributions of the Tazmanites facles in the EGSP wells that the “blooms" come frof the Clncinnati Arch

region to the west and from the open ocsan avea to the south, The gereralized envivonmental-deposi-
ttonal wodel for & glven time during the Upper Devonian is 11lustrated in Figure 2.

A simiiar map can be gengrated for any particular time during the Middie or Upper Devonian, showing
the precise facies distributions as interpreted from the EGSP wells, The maps would show a migration

of the Tasmanites facies to the west and wouth as time progressed during the Devonian.
RELATIONSHIP OF TASMANITES TO GAS-PRODUCTION

As mentioned, not all biack shates exclusively contain Tasmanites palynomorphs. The relat{onship of
the Tasmanites-rich black shales to gas-preduction potential needs to be Jnvestigated., Are the black

shales with exclusive Tasmanites palynomorphs more gas-praductive than the black shales with more
mixed palynomorph asseblages? - This guestion 1s currently heing addressed.

The gas-production of Tasmanites (restricted marine) black shales relative to black shales compricad
of mixed palynomorphic assembledges is being investigated.

CONCLUSIONS

Palynologicat investigations of the gas besring Deveonian black shales reveal that there arg at least
thres distinctive kerogen facies. Qne of these, a Tasmanftes-restricted marine facies 15 Intimately
connected with the black shales. The ocourrence can be connected with environmenial/depositional
models of Appalachian Basin sedimentation. Further studies nof only will hetter define the origin
of the black shales but also produce an exploration program for discovering the best gas producing

aresas and Zones.
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PLATE 1
Figure 1

Poorly presarved chitinozoan,
PA-2-9 x 380

PLATE 1
Figure 2

Well preserved chitinozoan,
0H-3-33 x 3%

PLATE 1
Figure 3

Scalecodent, some teeth broken off,
{H-3-33 x IW
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PLATE 1
FIGURE 4

Acritarch Vary hachium trispinosum
X¥-4-33 x

PLATE 1
Figure 5

Poorly preservad Hultig1icisghaeridium
s prucEgrovensis =4 -0 %

FLATE 1
Figure &

Hormal marine kerogen facies,
rich in acritarchs OH-3-15 x 2330
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FLATE 11
Figure 1!

Long sinuous gi:r.es of woody
debris PA-Z-15 ¥ 640x%

.'
5
PLATE 11
Figure 2
Hoody debris, one piece with a
pitted tracheid, KY-4-1 x 640
ey

FLATE 11
Figure 3

Badly corroded pitted fracheids
KY-4-3 x 540

11
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PLATE 11
Fiqure ¢

Long plece of woody materdial
with well preserved structure

KY-4-3 x G40

PLATE LI
Figure 5

Fragment of & poarly preserved
megaspore, KY-4-3 x 390

FLATE II
Figure £

Spore with well proeserved
grapnel-shaped processes
WY=7-45 « 640
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PLATE I1
Figura 7

Poorly preserved spore with grapnel-
progessas, WY-7-45 x 640

PLATE I1
Figure B

Ret{spora lepidaphyvta

-4-3 x

PLATE 11
Figure 9

nall trrlete spare
KY-4 1 x 640
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FLATE III
Figure 1

. " Frageent of a very large Tasmanites
shows broken adge, IND-2-F x

FLATE II1
Figure 2

Angular frageent of
Tazmanites, KY-4-46 « B4

PLATE Iil
Figure_ 2

Well preservad Tacmanfites
with internal pyrite rhombs,
WE-7-45
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PLATE III
Figure 4

Thick wallad Tasmanites
surrounded by typical debris,
KY-4-30 x 640

FLATE 11I
Figure §

Very thin walled leiosphere,
KY-4-51 x 640

FLATE IIT
Figure §

Sphaersmarph, KY=4-50 x 640
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PLATE III
Figure 7

Well preserved assemblage
of Tasmenites, XY-4-30 x 390

PLATE III
Figure 8

Yery poorly preserved oxized
Teiosphere, PA-Z-20 x 640




COTTAGEVILLE
R-109 WELLS (GROUPED)

fiés NON-MARINE FACIES

ﬁ MARINE FACIES

7] RESTRICTED MARINE

& FACIES (TASMANITES)

.8. SECTION
10 MILES SCALE OVERALL MARINE

REGRESSICHN TO
THE NOKTH

SAMPLE LOGCATION
WITH!N WELLS

FIGURE 1

Envirormental interpretation - Appalachian Pasin basad
an biostratigranhy in Wells K¥-2 and ¥A-1.
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% TORRESTIAL
H FACIES

MARINE-NORMAL
=2 eACIES

POSITIVE/EMERGENT
=—J AREAS

Generalized Depositional/Environmental Mode! for the Appalacian Basin
during the Upper Devonian. Arrows indicate general direction of influx,

FIGURE 2
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