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interaction and the geochemical characteristics of 
glaciomarine sediments. 

Glaciomarine sediments in southeast Alaska consist 
predominantly of feldspar, quartz, illite, and chlorite. 
Kaolinite is not a weathering product in this area. 
Interstitial waters from bottom grab samples showed a 
substantial decrease in sodium ions compared with 
the overlying waters. Significant variations in Na* con
centration with depth also were found in interstitial 
waters obtained from cores. Laboratory and field ob
servations suggest that primary glacial clays are sat
urated with H+ and Ca**. During transport and early 
stages of burial in marine environment, cation ex
change of H+ and Ca*+ from glacial and fluvial sedi
ments for Na+, K*, and Mg++ of seawater is the major 
process causing changes in the interstitial water. No 
mineralogic alterations of clay were observed from 
the glaciofluvial to marine environment. Cationic con
centrations in interstitial waters can be related to the 
bulk mineralogy and particle size of sediments, the 
environment of deposition, and the path length the 
sediments follow before deposition. 

SHEARMAN, DOUGLAS J., Imperial College, I on-
don, England 

EVAPORITE-CARBONATE RELATIONS IN BASIN DEVELOP
MENT 

Petrographic studies of marine evaporites reveal that 
the initial assemblages of evaporite minerals were gen
erated in 2 distinctly different ways. Some grew or ac
cumulated at the sediment surface where they were evi
dently precipitated from an overlying brine; others 
were emplaced within a preexisting, unconsolidated, 
host sediment, and were formed in response to ccmdi-
tions that prevailed beneath the sediment surface 
within the interstitial waters of the sediment itself. The 
latter mode of origin characterizes supratidal sabkha-
facies evaporites, which have been found to he an es
sential constituent of many marginal evaporite com
plexes. In the sabkha environment there is no overlying 
body of brine and the evaporite minerals are emplaced 
within the sediment from marine-derived groundwater. 

This same mode of genesis of evaporite minerals can 
be demonstrated for some of the anhydrite, halite, and 
potash deposits in several "basin-facies" evaporites. 
The possibility arises therefore that these units record 
phases of emergence and, as such, suggest that the 
whole evaporite assemblage was deposited in an envi
ronment of shoal water and emergent banks, and not 
beneath a deep body of brine as previously envisaged. 
In view of the evident relief within some of the basins, 
as inferred for example from the thickness of the car
bonate reefs relative to the floor on which the evapo
rites were deposited, such an interpretation requires 
that profound changes in water level may have occur
red within the basins. 

The evaporites of the Middle Devonian Elk Point 
basin are reviewed in terms of the various modes of 
evaporite-mineral genesis, as a background to discus
sion on the carbonate-evaporite relations within the 
complex. 

SHINN, EUGENE A., Shell Development Co. Ex
ploration and Production Research Center, Hous
ton, Tex. 

SUBMARINE FORMATION OF BORED SURFACES (HARD-
GROUNDS) AND POSSIBLE MISINTERPRETATION IN 
STRATIGRAPHIC APPLICATIONS 

Bored and encrusted surfaces, generally called 

"hardgrounds," are common in some ancient lime
stones. Proper identification of the environment of li-
thification in ancient hardgrounds is important because 
it can greatly influence the interpreted depositional his
tory of the associated limestones. In addition, proper 
identification of the environment can determine the 
usefulness of hardgrounds as stratigraphic markers. 

The presence of bored and encrusted Holocene sub
marine cemented layers in the Persian Gulf suggests 
that some ancient hardgrounds could have formed un
derwater and not by exposure to meteoric water. Holo
cene hardgrounds covering hundreds of square miles in 
the Persian Gulf commonly occur as multiples of 
bored beds (as many as 4 have been observed) inter-
bedded with noncemented carbonate grainstone or 
mud. Each hardground bed is thoroughly cemented by 
fibrous aragonite and/or magnesium calcite at the up
per surface and generally the degree of cementation 
decreases downward. Each hardground bed contains 
pelleted geopetal internal sediment which commonly 
lies on fibrous aragonite. Similar features, now altered 
by calcite, may be the key to understanding the origin 
of many ancient hardgrounds. 

SHOULDICE, DAVID H.. Shell Canada Ltd., Cal
gary, Alberta 

GEOLOGY OF WESTERN CANADIAN CONTINENTAL SHELF 

Shell Canada Limited geologists and geophysicists 
have made a study of the stratigraphy of the Tertiary 
strata in the Tofino and Queen Charlotte basins of 
Canada's Pacific shelf. Dal a was obtained from Meso-
7oic and Tertiary outcrops along the shoreline margins 
of the basins, 6 Richfield Oil Corporation wildcats on 
the Queen Charlotte Islands, Shell Canada's aeromag-
netic, reflection, and refraction seismic surveys, and 14 
oifshore wildcats drilled between Mav 1967 and May 
1969. 

The pre-Tertiary framework of the shelf consists of 
a thick and complex sequence of Mesozoic sedimen
tary, metamorphic, and intrusive and extrusive igneous 
rocks. Little is known about the early Tertiary history 
but data from the Tofino basin suggest widespread 
early-middle Eocene submarine volcanic activity, initial 
uplift followed by subsidence in late Eocene time, dis
tinct transgressions of Oligocene-early Miocene seas, 
followed by a middle Miocene period of crustal defor
mation, uplift, and regression. 

There was a major transgression in late Miocene 
lime and a lesser one in early Pliocene time followed 
by a regressive phase in late Pliocene-Pleistocene time. 
The early Tertiary volcanism in ihe Tofino hasin 
spread northward and contmued, at least sporadically, 
in the Queen Charlotte basin <<i the end of the Mio
cene and perhaps into the early Pliocene. Tertiary de
position in the Queen Charlotte basin began early in 
the Miocene and, although interrtipted by perhaps 2 
periods of uplift and erosion, continued through the 
Pliocene into the Pleistoccni. 

The maximum thickness of Tertiary strata is more 
than L'i.OOO ft. The strata range from deep-water, 
open-marine sequences of shale, siltstone, and sand
stone in the Tofino basin, through both deep- and shal
low-marine deposits in Queen Charlotte Sound, to a 
thick nonmarine sequence of sandstone, shale, siltstone, 
and coal in Hecate Strait and the Queen Charlotte Is
lands. The sandstones in both basins are composed pri
marily of feldspars and quart/, and those of the Queen 
Charlotte basin are characterized by high porosity and 
low permeability values. 

There is a wide varietv of -.tiiictural styles including 
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areas of numerous large anticlines with multiple un
conformities and complex growth and fault histories; 
areas of small, gentle, low-relief anticlines and areas 
where the Tertiary sediments onlap older volcanic 
rocks with little or no folding of the strata. Both oil 
and gas shows have been detected, but no commercial 
accumulations have yet been found. 

SKIPPER, K E I T H , Dept. Geology, McMaster Univ., 
Hamilton, Ont. 

A N T I D U N E CROSS-STRATIFICATION IN TURBIDITE S E 

QUENCE, CLORIDORME FORMATION, G A S P E , QUEBEC 

Large-scale, single set cross-stratification, considered 
to have been produced by the upstream migration of 
antidunes, is present in the basal division of turbiditf 
beds 2-3 m thick in the j8i member of the Cloridorme 
Formation (Ordovician) , Gaspe, Quebec. The local 
westward paleocurrent direction is approximately par
allel with the east-west strike of the vertical beds, 
which crop out on the wave-cut platform. 

The beds generally show 3 broad divisions. The ba
sal division (2-15 cm) consists of very coarse-grained 
sand with a smooth or fluted base and sinusoid top 
(wave length from 45 to 100 cm and amplitude from 3 
to 7 cm) and internal laminae inclined at a shallow 
angle (less than 15°) toward the east. Where flutes 
occur they give a paleocurrent direction toward the 
west. A second division consists of spindle or globular-
shaped nodules ("pseudonodules") in an argillaceous 
matrix and commonly occurs above the basal division. 
In 1 bed, which occurs in a sequence with beds exhibit
ing ripple-drift cross-lamination, a ripple-drifted hori
zon is developed between the basal and pseudonodule 
divisions, the ripple-drift produced by a paleocurrent 
toward the west. The upper division consists of fine
grained siltstone or shale. 

Because the basal very coarse sandstone is a small 
percentage of the total thickness of any bed, it appears 
that the settling velocity of the coarser grains probably 
was reduced by a high concentration of fine suspended 
material which increased the viscosity and reduced the 
density difference between the coarse grains and the 
suspension; the result was a high transport rate and the 
formation and preservation of antidunes, because of a 
delicate balance between traction and suspension in the 
current. Calculations suggest that the current moved at 
velocities of approximately 1 m/sec . 

S M I T H , D O N A L D L., Dept. Geology, Univ. Montana, 
Missoula, Mont. , P E T E R G A R R E T T , Dept. Earth 
and Planetary Sciences, Johns Hopkins Univ., Bal
timore, Md., D A V I D P A T R I Q U I N , Dept. Geology, 
McGill Univ., Montreal , Que., and A U G U S T U S O. 
WILSON, Dept. Geology, Univ. Nor th Carolina, 
Chapel Hill, N .C . 

PHYSIOGRAPHY, ECOLOGY, AND SEDIMENTS O F T w o 

BERMUDAN LAGOON R E E F S 

To provide a possible Holocene analogue for some 
ancient reefs, we studied the physiography, ecology, 
and sediments of two small reefs in Bermuda's north 
lagoon. Both are rough-topped "mesas" rising 18 m 
from the relatively featureless lagoon floor to within 
1-2 m of sea level. On the reef top, irregular coral-
and algae-covered knobs are separated by sediment-
filled vaUeys and hollows. The central area of I reef, 
believed to be in a more advanced stage of develop
ment, is an atoll-like sandy plain with only scattered 
knobs. 

Scleractinian corals, principally Montastrca annularh 

and Diploria strigosa, are the most important reef-
framework builders, as revealed in sections artifically 
constructed by blasting with dynamite. Coral growth is 
thought to be the major factor influencing the shape of 
reef cavities that are common throughout the reef 
mass. The walls of these cavities are covered with dis
tinctive wall growths built by the skeletons of shade-
loving organisms, principally encrusting red algae, pele-
cypods, a foraminifer, and ectoprocts. 

Sediments on the reef top are generally coarse to 
very coarse sand with good to moderate sorting. The 
particles, dominated by Halimeda, which is also com
mon in lagoonal sediments, are derived entirely from 
the breakdown of reef-top organisms. These same reef-
top sands are washed down the reef face to build a 
steep reef-sediment slope. Fine sediments are winnowed 
from the reef-top and settle from suspension to the 
near-reef lagoon floor, where they form a "ha lo" of 
fines around the reef. 

SORAUF, J. E., Dept. Geology, State Univ. New 
York at Binghamton, Binghamton, N.Y. 

MICROSTRUCTURI. O F RIK.OSAN SKELETON ( C O E L E N -

TERAIA) 

Scanning electron and petrographic studies of Tham-
nophyllum, Pachyphyllum, Tahulophyllum, and Char-
uctophyllum indicate that the Rugosa have much in 
common with the Scleractinia in terms of formation 
and structure of their exoskeleton. Possibly all rugosan 
septa are trabecular in construction, as lamellar struc
tures are secondary, and fihro-normal structures are at 
least partly the result of modification of trabecular 
septa by diagenetic processes. There is no difficulty in 
applying the scleractinian model of biocrystallization to 
the rugosans. The question of original skeletal mineral
ogy remains unanswered, with some evidence of occur
rence and microarchitecture suggesting that it was cal-
citic. However, recent stutly of aragonite inversion or 
recrystallization to calcite in scleractinians shows that 
structures produced by these processes are close to 
those noted in the Rugos^i. 

SPENCER, D E R E K W., Wootis Hole Oceanographic 
Inst., Woods Hole, Mass.. and C. B. K O O N S , Esso 
Production Research Cn.. Houston, Tex. 

STUDIES ON ORUMN ^<\ C'KI'DI On : STArisiicAi. A N A L 

YSES o r CRUDI On DA IA 

Multivariate statistical methods, including factor 
analysis and generalized analysis of variance and co-
variance, were used for interpretation of molecular and 
isotopic data obtained on 92 crude oils from the West
ern Canada basin. The data used in (his study were 
obtained through gas-chroniatographic and mass-spec-
trometric analyses of ihc oils. 

Interpretations made through statistical analysis of 
the data are : ( I ) the 92 oils fall into natural groups 
that correspond to major variations in stratigraphy and 
geography; (2) a mnjor part of the differences that 
exist among these groups is not due to regional temp
erature and pressure variations but rather to source 
differences; (3) all of the crudes are derived from an 
original primary petroleum which consists predomi-
ntmtly of high-ring naphlhenes, high-ring aromatics, 
resins, and asphaltenes; ami (4) more than 70% of the 
present variance in Ihe iiil data can be explained by 
low-temperalure chemical ie;ictions in the reservoir. 

STELCK, C. R., Dept. Cieology, Univ. Alberta, Ed
monton, Alta. 


