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triacanlha and P. bispinosa, with thin, fragile shells were 
absent from the sediments but are known to inhabit the 
deep waters in low and middle latitudes. 

The present study shows that pteropods as a group 
are useful for paleoecological interpretations of their 
fossil assemblages on the ocean floor. 

CHRISTIE, R. L., and KERR, J. W., Geological Sur
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TECTONIC HISTORY OF THE BOOTHIA ARCH 

Boothia arch is a northerly trending, Lower Devonian 
horst in which Precambrian crystalline rocks have risen 
over 5,000 feet. Cambrian to Lower Devonian clastic 
and carbonate rocks dip gently away from the exposed 
basement complex, which rose mainly by vertical move
ment along major thrust and normal faults rather than 
by flexure. Northerly trending folds and faults in Corn-
wallis Fold Belt on Bathurst and Comwallis Islands and 
on Grinnell Peninsula are continuations of the Boothia 
basement structures. 

Cambrian to Devonian rocks were deposited over the 
site of the arch under conditions of quiescence and 
gradual subsidence; correlative formations in the Frank-
linian geosyncline are thicker and indicate more rapid 
subsidence. Principal movement on Boothia arch and 
Comwallis Fold Belt is dated by unconformities within 
the Lower Devonian at three places: (1) on Comwallis 
Island the Snowblind Bay formation rests in places 
conformably and in other places with angular uncon
formity on Lower Devonian rocks; (2) on Bathurst Is
land the Driftwood Bay formation lies with angular 
unconformity upon rocks as young as Lower Devonian 
and grades laterally into the conformable sequence of 
Bathurst Island and Stuart Bay formations; and (3) on 
Prince of Wales and Somerset Islands the Peel Sound 
formation variously rests with gradational contact and 
with angular unconformity on the Middle Silurian to 
Lower Devonian Read Bay formation. Conglomerates 
in the Peel Sound formation contain boulders of lower 
Palaeozoic and Precambrian rocks, and are themselves 
cut by horst-forming faults. 

CLIFTON, H. EDWARD, United States Geological 
Survey, Menlo Park, California 

PEMBROKE BRECCIA: SOLUTION—COLLAPSE or THE 
LOWER WINDSOR GROUP (MISSISSIPPIAN) IN CEN
TRAL NOVA SCOTIA 

The Pembroke Breccia dlsconformably overlies the 
basal Hmestone of the Mississippian Windsor group in 
central Nova Scotia and has previously been considered 
a primary breccia in the Windsor group. The breccia is 
estimated to be as much as 100 feet thick. It is absent in 
deep borings; at depth, the basal Umestone is apparently 
conformably overlain by interbedded limestone and 
anhydrite. 

The Pembroke typically is a jumbled mass of unsorted 
angular limestone fragments in a matrix of muddy mas
sive limestone. Most of the fragments are similar to the 
basal laminated limestone of the Windsor group, al
though some are of massive limestone and red marl ap
parently derived from beds higher in the section. Irregu
lar pipes, channels, and masses of sandy breccia contain
ing scattered quartzose pebbles occur within the typical 
breccia. In a few exposures the breccia contains relict 
beds; in others, thin graded calcarenite beds appear to 
fill pockets in the breccia. 

Late Paleozoic regional deformation extensively 
folded the Windsor group; the Pembroke Breccia is 
younger than this deformation. Stratification in floored 

cavities is virtually horizontal and is independent of the 
attitude of the adjacent Windsor strata. The deforma
tion produced veins normal to bedding in the Windsor 
limestone; many rotated fragments within the breccia 
contain similar veins normal to their bedding. Meta-
morphic fabric, absent in the breccia matrix, varies in 
nature and orientation from fragment to fragment. 
Sand grains, pebbles, and heavy minerals within sandy 
parts of the breccia appear to have been derived from 
Triassic rocks, suggesting that the breccia originated in 
either Triassic or post-Triassic time. 

It is here proposed that the breccia formed only near 
an erosion surface by collapse and disintegration follow
ing solution of anhydrite interbeds and part of the lime
stone. The sandy breccia appears to be composed of 
surficial debris which filled solution channels within the 
typical breccia. 

Because the Pembroke Breccia was formed long after 
the deposition of the Windsor group, it should not be 
regarded as a stratigraphic unit of the group. The actual 
depositional sequence of the basal Windsor is (in ascend
ing order): limestone, interbedded limestone and anhy
drite, anhydrite, and halite. 
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SEDIMENTARY STRUCTURES: MISSISSIPPI RIVER DEL
TAIC PLAIN 

Minor sedimentary structures were studied in cores 
and exposures from the deltaic and marginal deltaic 
plains of the Mississippi River. Selected active environ
ments were sampled, and the occurrence of sedimentary 
structures from each was recorded. Individual structures 
were found to occur in more than one environment; 
however, suites of structures were characteristic. With
in the study area the following twelve depositional en
vironments have been investigated: shelf, prodelta, 
delta front (distal bar, distributary mouth bar, channel, 
and subaqueous levee), subaerial levee, marsh and 
swamp, interdistributary bay, mudflat, and fresh-water 
lake. 

Shelf deposits consisted of: (1) fine-grained elastics, 
burrowed and showing parallel laminations and (2) 
marine organic debris. Prodelta deposits are similar to 
clayey shelf deposits, but contain lenticular and parallel 
lamination with finely divided plant inclusions. The 
delta front is a complex of sub-environments constitut
ing the advancing locus of active deposition of the pro-
grading delta. The sloping seaward margin on this 
zone—the distal bar—exhibits current structures such 
as trough cross-laminations and current ripples as well 
as parallel and lenticular laminations, wave ripples, and 
burrows. The silty and sandy distributary mouth bar is 
characterized by a variety of small-scale, multi-direc
tional cross-laminations and gas-heave structures. 
Channel deposits exhibit trough cross-laminations, 
scour and fill, and distorted laminations, whereas sub
aqueous levees contain abundant ripple and unidirec
tional cross-laminations, parallel, wavy, and distorted 
laminations. In addition, subaerial levees are burrowed 
and oxidized. Marsh and swamp deposits are dis
tinguished by abundant plant remains, burrows, and 
parallel laminations. Lenticular laminations, wave rip
ples, burrows, shell, and plant remains are characteris
tic of both interdistributary bay and fresh-water lakes. 
The mudflat assemblage of structures includes lenticu
lar laminations, current and wave ripples, burrows, and 
shell remains. 

Not only are associations of sedimentary structures 


