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DOLOMITIZATION OF R E C E N T AND P L I O - P L E I S T O C E N E 
SEDIMENTS BY MARINE EVAPORITE WATERS ON 
BONAIRE, NETHERLANDS ANTILLES 

The carbonate rocks and sediments on the island of 
Bonaire in the Netherlands Antilles contain interesting 
examples of early dolomitization. A large flat area of 
Recent supratidal sedimentation exists on the south end 
of Bonaire, and in this area evaporation of sea water is 
depositing calcium carbonate and gypsum, which pro
duces dense brines having large Mg/Ca ratios. Dolomite 
is found in most of the Recent supratidal sediments, and 
carbon-14 dates on the dolomite establish that the time 
since dolomitization has been less than 2,200 years. 
Textural evidence indicates that some of the dolomite 
was formed by replacing lime sediments. 

The dense brines produced by evaporation tend to 
flow downwards into the permeable sediments, and an 
analysis of the chemistry and hydrology of a hypersa-
line lake chosen for detailed study shows that downward 
drainage of brine having a Mg/Ca ratio of about 30 
must be happening today. Examination of marine Plio-
Pleistocene rocks on the north end of Bonaire shows 
large areas of dolomitization whose boundaries cut 
across the bedding. The field evidence is consistent with 
the hypothesis that this dolomite has been produced by 
the flow of dense brines from a supratidal area. The 
time required to produce the estimated volume of dolo
mite found in the Plio-Pleistocene rocks would be of the 
order of 10'years. 

M A C K E N Z I E , W . S., Toronto, Ontario, Canada 

PETROGRAPHY OP THE SOOTHESK-CAIRN CARBONATE 
COMPLEX, WESTERN ALBERTA, CANADA 

Regional and petrographic studies suggest that a 
specialized reef association was responsible for the 
build-up of the carbonate mass. Although dolomitiza
tion has preferentially affected certain formational 
members, some original textures and rock constituents 
may be recognized. 

At the Mount Dalhousie type section, the complex 
has divided into lower Cairn and overlying Southesk 
formations. The coarsely crystalline, light gray dolo
mites of the Peechee member, Southesk formation, were 
originally medium and coarse calcarenites with some 
areas of algal-stabilized sediment. The whole is sugges
tive of a depositional environment with strong currents 
and local sheltered areas. Where dolomitization is in
complete, there is a preference for replacement of inte-
granular sparry calcite. It is suggested that this is an 
early diagenetic event that took place prior to complete 
infilling of porosity by calcite precipitation. 

The Arcs member, in contrast, consists dominantly of 
microcrystalline calcite with eyes of clear sparry calcite 
(dismicrite and birdseye limestone), with sporadically 
distributed areas of calcarenite and layered algal lime
stone. Comminuted skeletal remains are abundant, al
though locally, delicate undamaged ostracod shells 
occur; the latter partly infilled with microcrystalline cal
cite constitute geopetal fabrics and indicate quiet micro-
environments where the fine calcite or aragonite parti
cles settled out. A relatively quiet environment is postu
lated during deposition of most of this member, with 
algal-stabilized areas building up locally to further 
restrict circulation. The algal material was in turn fre
quently torn up, presumably during storms, and incor
porated as intercalated calcarenites in the predomi
nantly microcrystalline rock sequence of the Arcs mem
ber. 

The overlying Ronde member, composed of cal
carenite, microcrystalline hmestone, silty limestone. 

silty dolomite and siltstone, probably accumulated 
under unsettled conditions. Globular stromatoporoids 
appear to have been characteristic of turbulent reef-
margin areas and colonial corals of rather deeper and 
turbid environments. The sedimentary record termi
nates at an unconformity beneath the overlying Sas
senach formation. 

Viewed as a whole, the carbonate complex has been 
extensively dolomitized. Various types of dolostone have 
been mapped and studied with a view to equating them 
with limestone facies, establishing a reef model and in
terpreting the dolomitized sequence. 

MANDARINO, J. A., Royal Ontario Museum, Uni
versity of Toronto, Toronto, Ontario, Canada 

CRITICAL ANALYSIS OF THE GLADSTONE-DALE RULE 
AND I T S CONSTANTS 

The Gladstone-Dale rule, which is an empirical at
tempt to relate chemical composition, refractive indices, 
and density, was applied to minerals by Larsen in 1934. 
In 1956, Jaife offered some corrections and additions to 
Larsen's original constants. 

While applying the Gladstone-Dale relationship to 
some tellurites and selenites this writer found that 
Larsen's constants for TeOs and SeOs required revision. 
Furthermore, the value of these constants, as well as 
those for many other oxide components, varied widely, 
depending on the particular compounds used to calcu
late them. 

Values of k for various o.xide components are given 
here, using Larsen's form of the Gladstone-Dale equa
tion: 
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In this equation, « is the average index of refraction, 
d is the density, k is the specific refractive energy for a 
particular oxide component, and p is the weight percent
age of the component. 
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Users of the Gladstone-Dale relationship should 
realize that wide differences between calculated and ob
served refractive indices and densities may be caused by 
the variation in k values. 

MARTIN, RUDOLF, Rudolf Martin and Associates 
Ltd., Calgary, Alberta 

TECHNIQUES OF EXPLORATION FOR BURIED LANDSCAPES 

Hydrocarbon traps are customarily subdivided into 
two main classes: structural and stratigraphic. A third 
important class, hitherto not considered separately, in
cludes hydrocarbons trapped in buried hills, ancient 
valleys, fossil reefs, and other primarily geomorpho-
logica] phenomena. These are referred to as paleogeo-
morphic traps. The analysis of and prospecting for this 
type of trap must proceed along purely geomorpho-
logical lines of reasoning. 

Paleogeomorphology covers all geomorphic phe
nomena recognized in subsurface geology; i.e., all 
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liuried reUef features, whether formed on land or under 
water. Geomorphic processes may be divided into con
structive and destructive. Constructive forms of interest 
to petroleum geologists are dunes, barrier beaches, or
ganic reefs, etc. Destructive processes create hills and 
valleys, underground drainage in carbonates, submarine 
canyons, etc., and create or destroy porosity by weather
ing. 

The interpretation of buried landscapes presents 
many problems still unresolved among geomorphologists 
and also highlights several lesser known geomorpho-
logical phenomena. Subsurface data reveal that many 
landscapes exposed for millions of years were not pene
plains but still showed considerable relief. The presence 
of well-developed slopes favors the theory of scarp re
treat. Summit levels may also be related to contem
poraneous erosional processes. 

The solution of paleogeomorphological problems is 
greatly aided by applying quantitative geomorpho-
logical principles. The geological aspects of paleogeo-
morphology concern primarily the identification of 
erosion-resistant and less resistant horizons and the in
fluence of structure (folding and faulting) on ancient 
drainage systems. 

McINTYRE, ANDREW, Lamont Geological Observa
tory, Palisades, New York 

STUDY OF FOLIATE STRUCTURE IN MOLLUSCAN SHELLS 
INDICATING SPECIFIC DIFFERENCES ON THE GENERIC 
LEVEL 

A general investigation of the molluscan shell micro-
structures within the Bivalvia (Pelecypoda) for the 
purposes of paleontologic and modem taxonomic studies 
indicated that it might be possible to differentiate 
skeletal structures on a lower level, generic, than was 
heretofore considered feasible. Since the crystals are the 
products of body chemistry secreted in closed systems, 
the crystals and (or) structures may mirror the differ
ence in body chemistry between genera and perhaps 
species. 

The foliate structure was chosen, and the genera 
Crassostrea, Anomia, Placopecten, and Aequipecten were 
compared by means of thin sections, peels, and a new 
technique with single crj'stals. The shells are disaggre
gated by removal of the binding organic matrix with 
EDA reflux and separation in an ultrasonic bath. All ma
terial was checked with the optical microscope and 
studied by carbon-platinum replicas and solid disper
sions with Phillips EM 75C and EM lOOB electron 
microscopes. 

The foliate structure is produced by the aggregation 
in layers called folia of calcite crystals elongated along 
one of the a axes and flattened at the c. One parallel set 
of m and the 2c faces are dominant, resulting in lath-
shape crystals. The c axis is normal to and the a parallel 
with the flattened folia surface and each of the crystals 
within one folia is oriented in the same sense. 

In the disaggregate preparations, the crystals of 
Anomia, which are wider, longer, curved along the de
veloped a axis and taper toward the ends, are easily 
recognized in the light microscope and differ markedly 
from Crassostrea's needle-like, short, straight crystals 
whose ends appear blunt. The crystals of the pectinid 
genera, though differing from both Crassostrea and 
Anomia, are similar in appearance and on the criteria 
used to date can not be differentiated. 

The Carbon-Platinum replicas reveal surface features 
on the crystal surfaces, growth bands, parallel striations, 
etc. which may, with further investigation, prove of 
taxonomic value. 

McKEE, EDWIN D., Paleotectonic Map Branch, 
United States Geological Survey, Denver, Colorado 

INTERPRETATION OF STRATIFICATION 

Ancient environments may be interpreted, at least in 
part, from primary structures in sedimentary rocks. Be
cause such structures are largely developed during 
deposition, they provide information on the processes 
involved and on the general geologic and climatic set
ting. Unfortunately, many sedimentary structures are 
poorly understood; numerous data are required from the 
observation of modem sediments and of controlled ex
periments before positive conclusions can be drawn con
cerning rock genesis. 

Principal types of stratification and cross stratifica
tion include (1) flat or horizontal bedding, (2) low-angle, 
simple or planar cross-stratification, (3) tabular-planar 
cross-stratification of intermediate angle, (4) high-angle, 
wedge-planar cross-stratification, (5) ripple lamination, 
(6) graded bedding, and other less common varieties. 
Some of these structures are typical of more than one 
environment; other structures are represented by two or 
more varieties in a single environment. Information on 
natural combinations or associations of these structures 
is especially valuable for paleoecological interpretations. 

Environments of deposition that have been studied, 
in greater or lesser degree, with respect to the character
istic type or types of stratification are dunes, river chan
nels, river floodplains, alluvial fans, delta cones, tidal 
flats, foreshore beaches, backshore beaches, and barrier 
bars. Very little information is yet available concerning 
primary structures representative of the various offshore 
marine environments. 

McNULTY, C. L., JR. , Arlington State College, Arling
ton, Texas 

FORAMINIFERS FROM THE E A G L E F O R D - A U S T I N CON
TACT, N O R T H E A S T T E X A S 

Relations of the Eagle Ford shale and overlying Aus
tin chalk (Turonian-Coniacian) have been of recurrent 
interest for many years. Since the work of L. W. 
Stephenson, the formations have been considered more 
or less disconformable in northeast Texas. This paper 
reports foraminiferal data that bear upon the question. 

Samples were collected across well exposed contacts 
at thirteen localities that extend from Austin, Texas, in 
the south to Honey Grove, Texas, in the northeast, an 
outcrop distance of approximately 400 miles. 

Samples from the Eagle Ford shale are marked by a 
paucity of specimens, a low number of species, extreme 
rarity of benthonic forms, and consequent dominance of 
planktonics which consist mainly of Praeglobotruncana 
gautierensis. Exceptions to the foregoing occur at the 
south in the vicinity of Austin, Texas, where foraminif
eral number increases to about 25/gram and benthonic 
components remain essentially unchanged, and at the 
extreme north, relatively near-shore position, where 
benthonics become dominant but foraminiferal number 
remains very low. 

Samples from the Austin chalk are marked by high 
number of specimens, high number of species, domi
nance of planktonics, and a quantitatively minor but 
comparatively striking and diverse bentlionic fauna. 
Exceptions to the foregoing are infrequent and sporadic. 
Lenticulina kansasensis is widely present at the Austin 
base and can serve as a marker. 

From consideration of the foraminifers and regional 
stratigraphy, it is inferred that uppermost Eagle Ford 
sediments were deposited on a deeper and somewhat 
toxic sea floor. Some information suggests that contem-


