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of early Pennsylvanian age by the outline of the ambu
lacra] cross section alone. 

BERGERON, ROBERT, Quebec Department of 
Natural Resources, Quebec, Canada 

RELATIONSHIP OF MINERALIZATION TO PEECAMBRIAN 
STRATIGRAPHY IN THE ROCKS OF THE QUEBEC-

LABRADOR TROUGH 

Recent work and interpretation of age determinations 
now indicate that the rocks of the Quebec-Labrador 
Trough were laid down in a depression in granitic rocks 
and gneisses of the Superior Province. It is possible to 
correlate the stratigraphy for the southern and northern 
parts of the Trough. The following types of ore in rela
tion to the stratigraphy have been established: (1) iron 
deposits related to the Sokoman (Iron) Formation; (2) 
pyrite deposits in sedimentary rocks with associated 
copper-zinc bodies containing some gold; (3) pyrrhotite-
chalcopyrite deposits in gabbros with a low-to-moderate 
amount of nickel and small amounts of zinc and gold; 
and (4) chalcocite disseminated in dolomites. 

BOISSONNAULT, JEAN, and PERRAULT, GUY, 
Ecole Polytechnique, Montreal, Quebec, Canada 

SERANDITE FROM ST. HILAIRE, QUEBEC 

Serandite from St. Hilaire, Quebec, has the following 
chemical composition: SiOj 47.90, FezOs 0.08, FeO 0.86, 
AI2O31.20, MnO 33.8, CaO 5.56, MgO 0,03, Na^O 6.40, 
K2O 0.00, HJO- I " ' " ° .20, HzO+'M"'̂  2.42, Y2O3.27. Total 
98.73%. 

X-ray diffraction data show that this mineral is a 
pectolite-type mineral. The name serandite was origi
nally given by Lacroix to the manganif erous end member 
of the series CaaNaH (SiOs)3 —Mn2NaH(8103)3. Serand
ite from Las Archipelago (Lacroix, 1931) contained 
28.99% MnO and 10.42% CaO, whereas serandite from 
St. Hilaire, Quebec, is closer to the end member with 
33.8% MnO and 5.56% CaO. 

BONHAM-CARTER, G. F., University of Toronto, 
Toronto, Ontario, Canada 

PRELIMINARY REPORT ON SOME PENNSYLVANIAN REEFS 
FROM NORTHWEST ELLESMERE ISLAND 

Pennsylvanian reefs as thick as 2,000 feet crop 
out nearly 10 miles along strike at Hare Fiord, North
west Ellesmere Island. The reef flanks slope as much as 
45°. There is no interfingering between the reefs and the 
overlying silty limestones. Stratification within the reefs 
is confined to planes parallel with the reef sides. 

In order of relative abundance, the reef fauna consists 
of crinoids, brachiopods, bryozoa, corals, gastropods, 
ammonites, trilobites, and fusulinids. Fenestellid 
bryozoans may have provided a reef framework, but no 
clear zonation into reef barrier and lagoon is apparent. 

A fore-reef is present, characterized by reef-derived 
conglomerates. A strange "internal" conglomerate, not 
readily explained as solution-breccia, is common. Re-
crystallization is widespread, particularly along intru
sive dike margins. 

Porosity of the main reef rock is low, but the condi
tions leading to the formation of "internal" conglomer
ate may have produced porous localities in parts of the 
reef area other than the accessible cross section. 

The reefs probably formed in a climate not only 
warmer but also with more sunlight hours than that at 
the present latitude of northern Ellesmere Island. 

BOUTCHER, S. M. A., and MOORHOUSE, W. W., 
University of Toronto, Toronto, Ontario, Canada 

NATURE AND DISTRIBUTION OF IRON SILICATES IN THE 
GuNFLiNT IRON FORMATION, PORT ARTHUR 

The iron silicate minerals from more than 50 speci
mens of the Proterozoic Gunflint Iron formation, near 
Port Arthur, Ontario, were identified by X-ray powder 
methods and microscopic techniques. There appears to 
be a geographical and possibly a stratigraphical distribu
tion of the mineral species. Chamosite and chlorite 
characterize the lower Gunflint, which contains rela
tively little iron silicate; the intermediate argillite-tuff 
member contains a glauconite-bearing calcareous hori
zon, along with chamosite, chlorite, and talc; and the 
upper Gunflint is characterized by abundant greenalite 
and stilpnomelane, with minor amounts of minnesotaite 
and chlorite, identified optically. The ratio of stilpnome
lane to greenalite appears to increase in the vicinity of 
the Logan Sills. 

BRAY, ELLIS E., Socony Mobil Oil Company, Inc., 
Dallas, Te.xas 

HYDROCARBONS IN NON-RESERVOIR ROCKS—SOURCE 
BEDS 

Environmental factors in a depositional basin may 
control the quantity and nature of hydrocarbons ini
tially deposited with the sediments. The hydrocarbon 
mixtures in sediments increase in quantity and become 
more like petroleum after long periods of burial and 
compaction, providing evidence that petroleum hydro
carbons are generated in non-reservoir rock. 

Ratios of odd to even carbon numbered heavy n-
paraffins in shale may in some instances be regarded as 
indicators of conversion of organic material to hydro
carbons. This parameter, supplemented by infrared 
measurements, enables the detection of petroleum-like 
mixtures of hydrocarbons in possible "source beds." An 
estimated 30 per cent of the shales in petroleum prov
inces contain petroliferous mixtures of hydrocarbons. 
There is a parallelism between amount of organic car
bon, quantity of hydrocarbons, frequency of occurrence 
of dispersed oil in non-reservoir rock, and the occurrence 
of petroleum accumulations. Although the statistical 
nature of this parallelism provides opportunity for ex
ceptions, it appears that both kind and quantity of 
hydrocarbons are important parameters for recognition 
of source rock. 

In a number of instances similarities as well as syste
matic differences have been observed between hydro
carbons in oil and the corresponding fractions in the 
presumed source rock. 

BREWER, WILLIAM A., University of California, 
Berkeley, California 

EXPLORATION POTENTIAL OF REMOTE SENSING 

Remote Sensing is the detection and measurement of 
physical quantities at a distance, and the term covers 
such established fields as geophysical prospecting, aerial 
photography, and the various miUtary reconnaissance 
systems. With passing time and increased specialization, 
these fields tend to become parochial. 

The recent symposia on Remote Sensing show that 
there is also a strong interdisciplinary trend, and that 
collective development of new techniques and the rapid 
dissemination of information are likely to stimulate 
application of the resultant systems in widely separated 
technical fields. Eventually Remote Sensing should be-
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come a general service field providing new concepts and 
techniques to industry, but this will require: (1) better 
utilization of publications and meetings, (2) early de
classification of non-critical military information and 
greater awareness of its availability, and (3) training and 
utilization of a new class of physical scientist. 

As an example, a general investigation into the 
effects of laser beams on natural targets led to a concept 
of compositional probing which is specific for one ma
terial, ruby. The same principles may have interesting 
applications in the direct detection of oil and gas at the 
surface from low-flying aircraft. 

In any case, the petroleum geologist needs to be aware 
that this and other new systems are constantly appear
ing, and that some of them may aid him in his special
ized work. 

BRIGGS, LOUIS I., The University of Michigan, Ann 
Arbor, Michigan 

MODAL FUNCTIONS OF SEDIMENT SIZE DISTRIBUTION 

Variation in sizes of sediment particles deposited to
gether under the same hydraulic regime is related to 
normal fluctuations in fluid properties and to differences 
between particle shape and specific gravity. Differences 
in size-frequency distributions between mineral species 
can be ascribed to these fluid and sediment properties. 
A useful way of comparing the differences is by modal 
sizes. 

In heavy-mineral analysis the differences in modal 
sizes (5î ) between each heavy mineral and the light 
minerals can be used to express the hydraulic equiva
lence of heavy and light minerals. Modal separation 
(S4>) is a function of shape of the heavy mineral (Zj/) 
and the light mineral (Z/.), and of the relative specific 
gravities of the heavy mineral (PH') and light minerals 
(PL') in the fluid stream: 

Set, = Iog2 [(Zz,/Zj,)»-^'(p^'/Pi')°'] 

A test of this function was made in the heavy min
erals in Tertiary sediments of Huerfano Park, Colorado, 
whose age, mode of deposition, direction of transport, 
and local source areas had already been established by 
independent field observations. The mean computed 
(d<t>) and measured {S(pm) modal separations and their 
statistical deviations are as follows. 

Mineral dct, S<t)m. S/Vn 

Tourmaline 
Hornblende 
Apatite 
Epidote 
Sphene 
Garnet 
Zircon 
llmenite 
Magnetite 

0.01 
0.07 
0.05 
0.36 
0.44 
0.52 
0.61 
0.62 
0.72 

1.01 
0.62 
0.74 
0.14 
0.82 
0.43 
1.10 
0.40 
0.30 

0.81 
0.78 
0.51 
0.50 
0.59 
0.52 
0.69 
0.47 
0.19 

0.27 
0,22 
0.12 
0.14 
0,13 
0.10 
0.16 
0.09 
0.04 

BROPHY, GERALD P., Amherst College, Amherst, 
Massachusetts 

CATIONIC SUBSTITUTIONS IN THE ALUNITE GROUP 

Minerals of the Alunite group are designated as 
ABs(S04)2(OH)6 with A=Na, K, Pb, NH4, Ag or H3O 
and B = A1 (alunite) or Fe''"+"'" (jarosite). Synthesis stud
ies of Na-K and Al-Fe substitutions produce a series of 
solid solutions for which natural counterparts have been 
found. Synthesis has been successful at temperatures 
ranging from 78°C. to 180°C. with pressures up to 6 
atmospheres. At the lower temperatures, analyses show 

a univalent cation deficiency and an excess of -I-H2O, 
indicating the presence of H3O+. DTA curves of hy-
dronium-bearing jarosites show three endothermic reac
tions at approximately 350°C., 400°C., and 800°C. 
The 350°C. reaction is broad and represents a loss of 
hydronium ion. Similar results have been noted for 
natural, low-temperature jarosites. 

Synthesis of alunites and jarosites with variable K-
Na ratios shows a marked preference for K"*". The Na-K 
substitution produces little change on the ao dimension, 
but a pronounced effect upon Co is recorded. The op
posite effect obtains upon substitution of Fe"*"*̂  for Al. 
The preference for Fe"*""̂  in the structure is lowered 
with increased temperature and reduced acidity. 

Currently the parameters controlling the incorpora
tion of Ag and Te in the alunite structure are being 
investigated. 

BRUSH, LUCIEN M., Departments of Civil and Geo
logical Engineering, Princeton University, Princeton, 
New Jersey 

SEDIMENT SORTING IN ALLUVIAL CHANNELS 

The formation of primary sedimentary structures in 
and along an alluvial channel occurs as a result of inter
actions between gravity, the physical characteristics of 
the sediment and fluid as well as the hydraulic environ
ment. However, the actual process by which recogniz
able structures develop arises from sorting of the sedi
ment with respect to size, shape, or density, both along 
the bed and within the stream. The settling rates of the 
particles, turbulent diffusion, gravitational sliding, and 
the shear stress in the vicinity of the bed, all contribute 
to the sorting processes. Certain aspects of the various 
sorting processes may be predicted by analytical means, 
whereas others may be determined only by laboratory 
experiments. Using an alluvial channel together with the 
normal sequence of bed regimes as a point of departure, 
a discussion of the underlying principles of the various 
aspects of sorting in alluvial channels along with some 
related laboratory experiments is presented in this 
paper. From the laboratory experiments, quantitative 
information pertaining to the spectrum of bed forms, 
including subaqueous dunes and ripples which develop 
in an alluvial channel, is presented, and the data are 
compared with existing empirical and analytical 
relationships. Under favorable conditions of preserva
tion, limited estimates of the hydraulic environment 
may be made by measuring the physical characteristics 
of cross-stratified units and related bed forms. 

BUROLLET, P. F., and BYRAMJEE, R. S., Compag-
nie Francaise des Petroles, Paris, France 

SHAPE AND STRUCTURE OF SAHARAN CAMBRO-ORDO-
viciAN SAND BODIES—PALEOCURRENTS AND DEPOSI-
TIONAL ENVIRONMENT 

The older Palaeozoic of the Libyan Sahara consists of 
the following terms. Above a highly folded Precambrian 
(Proterozoic) metamorphic series is found a locally re
stricted intermediate formation called "Infra-Cam
brian" as in the eastern Fezzan (Mourizidie formation). 
The Cambrian consists of a mantle of cross-bedded 
coarse sandstones of the Hassaouna formation. The ab
sence of feldspars and heavy minerals, except in some 
areas, and the general orientation of the sedimentary 
structures lead one to suppose that material was trans
ported some distance from the south (central Africa). 
What can be the agents of transport and the conditions 
of deposition—rivers and deltas over a width of several 
thousand kilometers—or a shallow sea with wave ac-


