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D A H L S T R O M , C L I N T O N D. A., Standard Oil Co. ol 
California, San Francisco, Calif. 

SlRUt rURAL GUOI.OUY IN FASII .RN MAR(iIN OE- CANAD
IAN ROCKY IV1()UNI\INS 

Hydrocarbon accumulations in the foothills at the 
eastern margin of the Canadian Rocky Mountains are 
structurally trapped. Exploration for these hydrocar
bons requires a prediction of the deep geometric con
figuration of potential reservoir beds in imperfectly un
derstood areas. This prediction commonly is derived 
from analogies with the most appropriate of the re
gion's typical structures, a pragmatic approach which 
is effective because the foothills contain a limited suite 
of relatively simple structural types: (1) concentric 
folds (with their attendant decollement), (2) low-angle 
thrust faults (commonly folded), (3) tear faults (gen
erally transverse), and (4) late normal faults (com
monly listric). The possible assemblage in a particular 
area is further restricted because it is a function of the 
degree of deformation and of the lithology of the de
formed rocks. Intensity of deformation increases fioni 
east to west. 

Regional stratigraphic changes alter the major lilho-
logic units whereas local isopach or facies changes al
ter the distribution of incompetent rocks within units. 

The structural styles are all "thin skinned" as the 
underlying Archean basement is not involved. 

DA VIES, D A V I D K., and F R A N K G. E T H R I D G E , 
Dept. Geology, Texas A&M Univ., College Station, 
Tex. 

RECOONITION OF DEPOSII IONAI . E;NVIR0NMI NTS 

THROUGH T H I N - S E C T I O N ANALYSIS OF D E I R I I A L SEDI-

IVIENtS 

Petrographic analysis can be a powerful tool in the 
recognition and delineation of depositional environ
ments of detrital sediments. A study of varied iluvial-
deltaic, and interdeltaic environments in the Eocene of 
the Gulf Coast and the Cretaceous of Montana-Wyo
ming shows that individual environments may be segre
gated by applying univariate and multivariate statistical 
techniques to petrographic data (composition and tex
tu re ) . 

These results are supported by data collated from 
Holocene environments in the Mississippi alluvial val
ley and delta, and Galveston barrier island. Holocene 
environments that can be segregated with a minimum 
of 80% reliability are point bar, natural levee, lake, 
bay, lower shoreface, middle shoreface, upper shore-
face-beach, dune, and lagoon. Consequently, full diam
eter cores may not be necessary for precise environ
mental interpretation everywhere in the subsurface. 
Small samples, such as side-wall cores, taken through
out an interval, may yield significant and reliable envi
ronmental information. An example is provided by the 
Lower Cretaceous Muddy Sandstone of Montana in 
which the subenvironments of the petroliferous barrier-
bar complex at Bell Creek field can be recognized 
from thin-section analysis and verified by a study of 
full-diameter cores. The presence of the Bell Creek 
barrier bar can be predicted through thin-section anal
yses of sediments in dry holes which surround the bar. 
If thin-section data are integrated with paleogeographic 
knowledge of the Lower Cretaceous, the relative posi
tion and strike of the barrier system may he ascer
tained. 

DAVIES. (.1. R.. hiM. Sedinienlary anil Petroleum 

Geology, Calgaiy. Alia, 

C'ARno.NAri-BANK SEDIMI N EM ION, FASIERN SHARK BAV, 

Wl SIERN AliSIKAl lA 

A carbonate hank ol Holocene age extends for XO 
mi (129 km) along the mainlanil coast of Shark Bay, 
Western Australia. Development of the bank is attrib
uted in part to the modifying intluence of seagrasses on 
the physical environment. Bank formation under or
ganic cover partly explains the origin of older mound
like bodies of carbonate sediment. 

The bank is wedge shaped in cross section, has an 
average width of .s mi (8 km) and a maximum thick
ness of 2.'i ft (7.6 m) at the seaward margin. For de
scriptive purposes, the hank î  divided into 2 intergra-
dational structural forms ihe hasal sheet and the sub
marine levees. Moie than .'̂ O tidal channels cut across 
the bank. .Seawaid advance of (he bank has been ra
pid; estimates of aveiage rale ol' advance range from 
.'i28 ft (161 ni) lo 7.S4 i\ (2;!ll m) per 100 years." 

Salinitv m suhlittorai bank environments ranges from 
38 "„„ to more than .̂ '̂  ",,|, (nicuihaline water lype of 
Shark Hay). Substrates ,iie Lovcied in varying dens'ty 
by 3 seagrass communities. 

Bank sediments are biogenic carbonates with admix-
tuies of terrigenous elastics. Setliments deposited under 
seagrass cover are characterized by skeletal fragments 
of encrusting foraminilerids and articulate coralline 
algae from the seagrass epihiola. These sediinenis may 
contain up to 30 'c by weight of line particles ( < 6 2 ^ ) , 
most of which are silt-si/e skeletal fragments of mag-
nesium-calcite. Intertidal and suhlittorai sand-sheet 
sediments are characlcri/ed bv "niicriti /ation" of car
bonate grains, wheicas soagiass hank sediments become 
enriched in Fe and Mn 

DE MILLF, GI -ORGF, Imperial Oil Ltd.. Calgary, 
Aha. 

Gr;oi.o(iY OF HYDROIARHON O n ERRI'NCE IN WooDinNU 

Ri'Eis ( D E V O N I A N ) OI W I S I E K N CANADA 

The Upper Devonian VVooilbend reefs of central Al
berta cimtain imporiant hydrocaihon reserves. The dis
covery of 200 million bbl ol oil in the Leduc reef in 
1947 launched the modern pelioleum industrv in Can
ada. 

The generation and capture ol crude oil and natural 
gas in major pools lequire the associated development, 
within a depositit)nal hasin, ol adequate volumes of pe
troleum source rock. iesei\t)ir rock, and strata config
urations capable of trapping the hydrocarbons en
trained in llie fluid systems operative within the basin. 
The occurrence of the ^ .et|uirements in relatively 
close proximity within ihe lime-space realm provides a 
maximum opportunitv for major hydrocarbon accumu-
lalions to form. 

The Upper Devonian Woodbenil Group of western 
Canada provided such an opportunity in central Al
berta. It was deposited during ,i vast southerly trans
gression of Ihe continent. Many depositional environ
ments were present throughout the great length of the 
epicontinental basin. Clastic sedimentation dominated 
the northern "open marine" part of the basin, and 
shelf carbonates and evaporites were deposited in the 
shallow seas of the soulhein part. Biotic and deposi
tional conditions, unique lo the basin as a whole, de
veloped along Ihe margins of ihe carbonate seas. Bio-
hermal reefs f<nmed amid organically rich shale banks 
and both were einelope^l \^'(hin a short period of time 
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by organically lean, eventually impervious, shale. 
Source rock, reservoirs, and traps for petroleum were 
closely associated. Subsequent sedimentary loading 
brought about maturation, fluid migration, and trap
ping. The pools were formed before Cretaceous time. 

D E N N I S O N , J O H N M., Univ. North Carolina, Chapel 
Hill, N .C. 

PETROLEUM RELATED TO MIDDLE AND U P P E R DEVONIAN 

D E L I A I C FACIES IN CENTRAL APPAI,ACHIANS 

Strata of the Devonian deltaic complex are pre
served in 110,000 sq mi of the Appalachian basin. Pe
troleum production occurs only in the western half, 
principally in higher permeability sandstone, but some 
in prodelta dark shale. Oil is produced from Upper 
Devonian strata only in the westernmost par t of the 
basin. Absence of petroleum production in the east 
presumably is because hydrocarbons have escaped 
from Ridge and Valley province outcrops. Sedimentary 
properties can be extrapolated to the subsurface to bet
ter understand the factors controlling petroleum occur
rence. 

The deltaic elastics were derived from an eastern 
quartzose source in the latitude between New York 
and Virginia. Depositional patterns of petroliferous 
sands resulted from gradual infilling of a subsiding ba
sin, interrupted by rather abrupt eastward transgres
sions, which produced nearly synchronous, winnowed 
sands traceable across many counties. 

The oldest prodelta sediments (Needmore Shale) 
were derived from the Baltimore area. Immediately af
ter the Tioga volcanic event prodelta deposition spread 
abruptly westward nearly to the Ohio River. Cazenovia 
Stage deltaic siltstones and sandstones occur in Penn
sylvania and New York. In late Tioughnioga Stage the 
zone of winnowing extended to West Virginia (Clear-
ville Siltstone) with terrestrial redbeds accumulating in 
the Catskill Mountains. Early in the Taghanic Stage 
hundreds of feet of abrupt eustatic sea-level rise or ba
sin deepening shifted the shoreline scores of miles east
ward. 

Throughout the rest of Late Devonian time the 
shoreline encroached generally westward with fairly 
sudden eastward shifts of tens of miles during times of 
sea-level rise. These shifts isolated 5 distinct clastic 
pulses in the outcrop region during the Finger Lakes 
and Cohocton Stages. In the western area younger 
sands of the Cassadaga Stage and Bradford Stage were 
deposited during winnowing accompanying shoreline 
shifts. Maximum westward encroachment of the sub-
aerial Catskill delta was in the Bradford Stage, fol
lowed by Early Mississippian transgression which pro
duced the Pocono Group sandstones. 

D I O N N E , JEAN-CLAUDE, Dept. Fisheries and For
estry, Quebec, P.Q. 

TIDAL-FLAT EROSION AND SEDIMENTATION BY ICE, ST . 

LAWRENCE ESTUARY 

The action of ice on the shores of the St. Lawrence 
estuary has been studied since 1964. Shore ice in that 
area is a powerful agent of erosion and sedimentation. 
Annually, millions of tons of sediments from clay to 
boulder size are removed and carried by ice. Erosion 
of muddy tidal flats and salt marshes is especially 
significant; a peculiar sedimentary facies results. The 
St. Lawrence is one of the best sites to study the geo
logic action of ice because of the presence of ( I ) rela
tively large tidal flats, (2) high tidal range and strong 

tidal current, and (?) ico during a minimum of 4 
months. 

fJOl.F, HOLLIS M.. U.S. Dept. of Interior, Washing 
ton, D.C. 

1970s—Now OK Ni VER D K A D E EGR MINERALS AND 

FUELS 

In characterizing the 1970s as the "now or never" 
decade for meeting the challenge of environmental 
quality. President Richard Nixon has established a 
monumental goal for America and American industry. 
Looking only at the projected demands for metals, 
nonmetals, and fuels during the next 10 years we can 
see that achieving that goal and, at the same time, as
suring our people continuing adequate supplies of min
erals and energy at reasonable costs will take all the 
ingenuity—all the innovative ability—that our mineral 
and fuel industries can muster. 

Not only must our ability Ui find new deposits of 
minerals and fuels at greater depths and in alien envi
ronments be significantly extended, but we must devise 
far better methods for extracting, processing, and uti
lizing these essential rav\ materials. National concern 
for environmental quality can be expected to govern 
virtually every facet of mineral exploration and devel
opment in the decade we have just entered. 

Skilled, highly motivated, and intensively trained 
manpower represents an urgent industrial need. Na
tional concern only now is beginning to focus meaning
fully on this critical aspect of the problem and, al
though the hour is (ale. there are indications that it 
may not be too late loi ihc ^olntio^s we so desperately 
need. 

L X J N A L D S O N , ALAN C . and WILLIAM H. K A N F S , 
West Virginia Univ., Morgantovvn, W.Va. 

TECTONIC CoNrROLs ON L A U PALEOZOIC SEDI.MENIA-
riON IN WESTERN W t s i ViRciiNiA 

Tectonic patterns had a significant influence on the 
late Paleozoic Berea, Loyalhanna, and Pittsburgh-Sew-
ickley sandstone units in western West Virginia. The 
depocenter was in the southwest during Early Devo
nian Berea deposition, southeast when the Mississip
pian Loyalhanna (Big Injun) sands filled submarine 
valleys, and northwest dtiring l a t e Pennsylvanian when 
the Pittsburgh and Sewicklcy (Monongahela Group) 
deltaic sandstones were deposited. 

Western West Virginia leclonically was on a rela
tively stable platform west of the Appalachian trough. 
Relative rates of supply and subsidence in the trough 
influenced the majoi changes in regional paleoslopes. 
Shallow downwarped axes on the platform oriented 
perpendicular to the liough also exerted a subordinate 
but important tectonic control on sedimentation. Char
acteristics of shallow-water deposition are shared by 
the Berea, Loyalhanna I Big Injun), and Monongahela 
sandstone units. However, the interpreted submarine 
valley-fill depositional environment of the Loyalhanna 
(Big Injun) is considerably dilferent from the deltaic 
environment suggested for the Herea and Monongahela 
sandstones. 

DOTT, R. H., JR., Univ. Wisconsin, Madison, Wis. 

LIMITATIONS IN PALEOCUKRENI ANALYSIS OF TROUGH 
CROSS-S I RAT IFICAITON 

More than -^0% of cross-stratification is trough type. 
Its complex geometrv accounts for large dispersion in 


