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ASSOCIATION ROUND T A B L E

The composition of common clinopyroxenes may be
defined by measurement of the optical properties 2Vz
and (3. The mole-per cent composition thus obtained
differs from that obtained by chemical analysis and
for some varieties there is no reliable correlation between the optical properties and the chemical composition. For a diopside from Oka Complex, Quebec, the
optical properties (2V, = 56°, (3=1.685+ .001) gave
48.1:41.9:10:0 for the Ca:Mg:Fe ratio, using the best
curves available (Hess 1949), and the chemical analysis
revealed the ratio 49.4:45.4:5.2.
We have applied optical properties to the determination of Ca:Mg:Fe ratio in various clinopyroxenes and
we have observed the following degree of error by
referring the composition determined by optical properties with that determined by chemical analysis
1. Diopsides-hedenbergites (mean value of error for
17 specimens) Mg:8.2 Fe:5,8 Ca:4.8
2. Augites (mean value of error for 7 sepcimens)
Mg:3.6Fe:4.5 Ca:3.6
3. Ferro-augites (mean value of error for 7 specimens)
Mg:6.0Fe:6.1 Ca:3.4
It may be possible to obtain a better definition of that
composition by exact intensity measurements of X-ray
powder diagrams. Several measures on a group of six
clinopyroxenes reveal this possibility.
THODE, H. G., McMaster University, Hamilton,
Ontario, Canada
GEOCHEMISTRY OP THE SULPHUR
PETROLEUM EXPLORATION

ISOTOPES

AND

Early investigations of the sulphides and sulphates
in sedimentary rocks showed wide variations in the
abundance of the sulphur isotopes. More recent investigations of petroleum and related materials show that
these also vary markedly in their sulphur isotope content. It is now known that the biological sulphur cycle
and in particular the bacterial reduction of sulphate is
largely responsible for the fractionation of the sulphur
isotopes in nature.
In the interpretation of the sulphur isotopte distribution data in terms of natural processes and earh history,
it is essential that we know the base levels of isotope
ratio from which fractionation began as well as the
extent of fractionation which can occur in any process.
Since petroleum is usually formed in a marine or marinelike environment, it is important that we know the
sulphur isotope ratio of the sulphate in the oceans and
how this ratio has been changing throughout geological
time. An extensive study of evaporites in various sedimentary basins has been carried out by Thode and
Monster (1962). It is clear from their results that the
sulphur isotope ratio of the evaporites reflects the environment and sulphur isotope ratio in the basin at
the time of deposition. On the assumption that the
lowest S'"" enrichment found in the evaporites of a given
geological period from various sedimentary beds will
give the closest approach to the value of the ocean
sulphates of the period Thode and Monster have
determined the S^"" content of the ancient seas. The
results clearly show that the sulphur isotope ratios of
the oceans have changed with time in a complex but
cyclic fashion.
The sulphur isotope ratios of petroleum samples also
reflect these changes. In particular, these ratios appear
to reflect the isotope level and environment of the basin
during the time of petroleum formation. However, the
petroleum ratios are displaced from those of the contemporaneous evaporites by about 15°/oo which is the

fractionation to be expected in the bacterial reduction
of sulphate. These results suggest that it is the reduced
sulphur which becomes incorporated into the petroleum
and that ocean sulphate, or sulphate of a large inland
sea, is the source of petroleum sulphur. It is not surprising, therefore, that the pattern of isotope distribution in petroleum and related materials in non-marine
sediments is completely different from that of those of
marine origin. These results will be discussed from the
point of view of petroleum exploration.
VISHER, GLENN S., Sinclair Research, Inc., Tulsa,
Oklahoma
FLUVIAL PROCESSES AS INTERPRETED TROM ANCIENT
AND RECENT FLUVIAL DEPOSITS

Detailed outcrop studies of fluvial deposits in the
Missourian of Oklahoma and the Atokan of the Arkoma
basin have revealed a systematic vertical variation in
grain size, sedimentary structures, bedding characteristics, and morphology of sedimentary units. The frequency with which this "ideal" sequence is developed
suggests a common process in the deposition of many
of these fluvial sandstones. The "ideal" vertical sequence is as follows: (1) a lowermost festoon crossbedded zone related to sand wave and (or) "dune"
transport; (2) a parallel laminated zone deposited in
low amplitude sand waves or in a plane bed; (3) a
fine-grained symmetrical ripple zone containing sediment formerly transported in suspension; and (4) a
laminated clay and fine-grained sand zone deposited
from suspension (commonly outside of the fluvial
channel). This sequence has been found in both Recent
and ancient fluvial deposits.
Flume and river studies have demonstrated that
specific sedimentary structures are directly related to
sediment transport and the dynamics of open channel
flow. Sedimentary structures in the ancient sandstones
of the study area were related to bedforms described
from Recent channels. Furthermore, additional information on the morphology of the fluvial channels was
obtained from an analysis of the thickness and distribution of specific zones.
The grain-size distribution of the fluvial sands of the
study area suggests an upward decrease in energy. Both
the mean and maximum grain size decrease upward, and
the sediment is progressively more poorly sorted upward. These changes are directly related to variation in
the type and size of the sedimentary structures. Discontinuities resulting from successive floods were identified by abrupt changes in grain size and (or) in the
sequence of sedimentary structures.
The "ideal" vertical sequence, as given is commonly
encountered in the field. This suggests some common
underlying cause. This study illustrates that use of the
flow regime concept, together with an understanding of
river hydraulics and channel behavior, can provide a
better insight into fluvial sedimentation.
VOZOFF, K., AND ELLIS, R. M., Physics Department, LTniversity of Alberta, Edmonton, Alberta,
Canada
TELLURIC CURRENTS AND THEIR USE IN PETROLEUM
EXPLORATION

Telluric currents are electrical currents in the earth
induced by ionospheric disturbances. They are always
present and contain all frequencies, from cycles per
day to cycles per second.
The currents and their associated magnetic fields
(micropulsations) provide sensitive indications of
changes in electrical conductivity in rocks, such as

