PROCEEDINGS OF THE 10™ SYMPOSIUM ON THE
GEOLOGY OF THE BAHAMAS AND OTHER
CARBONATE REGIONS

Edited by
Benjamin J. Greenstein and Cindy K. Carney

Production Editor:
Dana Bishop

Gerace Research Center
San Salvador, Bahamas
2001



Front Cover: The reef crest indicator species, Acropora palmata, on Gaulin’s Reef,
San Salvador Island. Gaulin’s Reef'is a classic bank-barrier reef that has shown
remarkable resilience following two significant disturbances: El Nifio-induced warming
of the sea surface in 1998 and Hurricane Floyd in September, 1999 (see Peckol et al,,
this volume). Photo by Janet Lauroesch.

Back Cover: The oolite shoals of Joulter’s Cay, north of Andros Island, Bahamas, site
of the pre-meeting field trip. Photo by Ben Greenstein.

© Copyright 2001 by Gerace Research Center
All rights reserved.

No part of this publication may be
reproduced or transmitted in any form or
by any means, electric or mechanical,
including photocopy, recording, or any
information storage and retrieval system,
without permission in written form.

ISBN 0-935909-69-9



EARLY TIDAL FLAT DOLOMITIZATION
IN THE SILURIAN BYRON FORMATION
OF THE MICHIGAN BASIN

Katherine A. Hartig and Kathleen Counter Benison
Department of Geology
Central Michigan University
Mt. Pleasant, MI 48859

ABSTRACT

The Silurian Byron Formation (Burnt
Bluff Group) of northern Michigan is com-
posed of both limestone and dolostone, but
until now its diagenetic history has not been
studied in detail. Lithologies, sedimentary
structures, and fossils indicate that the Byron
Formation was deposited in peritidal environ-
ments similar to those of the modern Baha-
mas. Petrographic study of a core from Al-
pena, Michigan has focused on evaluating its
diagenetic history. In particular, this study
characterizes the dolomite and its relationships
with depositional features and other diagenetic
features.

Four main types of dolomite have been
found in the Byron Formation: (1) isolated,
randomly-oriented pseudomorphs of dis-
placive dolomite rhombs; (2) massive re-
placement interlocking dolomite crystal mo-
saic; (3) isolated small equant replacement
dolomite crystals; and (4) equant dolomite
cement.

Displacive dolomite pseudomorphs,
some associated with displacive anhydrite,
are found in mudstone intraclasts and are in-
terpreted as having formed very early in a
peritidal environment. The interlocking crystal
mosaic dolomite is found only in supratidal
mudstone units and as dolomite intraclasts at
the base of intertidal and subtidal limestone
units, suggesting very early replacement of
supratidal lime sediments. Isolated replace-
ment dolomite crystals cross-cut both calcite
shells and peloid grain boundaries. The
equant dolomite cement fills fractures and

78

displacive dolomite pseudomorphs, and the
timing of this cement is difficult to ascertain.

These observations indicate that the
majority of the dolomite in the Silurian Byron
Formation, including some (if not all) of the
replacement dolomite, formed very early in
this rock’s diagenetic history. Depositional
environment, timing, and association with dis-
placive evaporites suggest that evaporated
seawater may have been the dolomitizing
fluid. This study has shown that dolomite, in-
cluding replacement dolomite, can form early
in supratidal zones in the presence of evapo-
rated seawater.

INTRODUCTION

The formation of dolomite has long
been an enigma to sedimentary geologists and
geochemists. Dolostones are common in the
rock record and serve as important oil and gas
reservoirs and lead-zinc deposits. Regardless,
conditions of dolomitization are not well un-
derstood. Numerous field, petrographic, geo-
chemical, experimental and theoretical studies
have led to various models for dolomitization
(see Hardie, 1987 and Morrow, 1990 for
summaries.) Continuation of basic petro-
graphic descriptions is still important in help-
ing to refine these models and better under-
stand conditions of dolomitization.

The Michigan Basin is famous for its
Silurian rocks, especially its Niagaran reefal
carbonates and Salina halites (Dellwig, 1955;
Soderman and Carozzi, 1963; Sears and Lu-
cia, 1979; Cercone and Lohmann, 1987; Son-
nenfeld and Al-Aasm, 1991; Leibold, 1992).



The Michigan Basin also contains Silurian
peritidal carbonates that have not received as
much attention as their reefal and evaporitic
cousins (Harrison, 1985). This paper de-
scribes the basic depositional and diagenetic
history of the early Middle Silurian Byron
Formation of northern Michigan (Fig. 1). Fo-
cus on the dolomitization adds new insights to
the dolomite problem.
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Figure 1. Generalized stratigraphic column
Jor the Silurian rocks of northern Michigan.
Modified after Ehlers and Kesling, 1957.

GEOLOGICAL BACKGROUND

The Michigan Basin is a large syncli-
nal basin centered on Michigan’s Lower Pen-
insula and composed mostly of Paleozoic
sedimentary rocks. The Silurian of the Michi-
gan Basin is composed of carbonates and
evaporites. Niagaran reefal limestones and
dolostones have been well documented (Sears
and Lucia, 1979; Cercone and Lohmann,
1987). Several studies have interpreted pa-
leoenvironment and paleoclimate from Salina
halites (Dellwig, 1955; Sonnenfeld and Al-
Aasm, 1991; Leibold, 1992; Losey and Beni-
son, 2000). Silurian peritidal carbonates of
the Michigan Basin are less well known.

The early Middle Silurian (lower Ni-
agaran Series) Burnt Bluff Group is found in
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the subsurface of northern lower Michigan
and on the surface at the southern edge of the
Upper Peninsula. The limited literature on the
Burnt Bluff Group focuses on the stratigraphy,
depositional environments, and transgression
and regressions associated with these rocks
(Ehlers and Kesling, 1957; Ells, 1962; Shel-
don 1963; Harrison, 1985; Johnson and
Sorenson, 1978).

The Burnt Bluff Group consists of
three formations: the Lime Island Formation,
the Byron Formation, and the Hendricks For-
mation (Fig 1). All three formations consists
of both limestone and dolostone. The Lime
Island Formation at the base of the Bumnt
Bluff Group contains abundant burrows, fo-
rams, brachiopods, mollusks, trilobites, corals,
and echinoderms (Harrison, 1985). Harrison
(1985) interpreted the Lime Island Formation
as a subtidal shelf or shoal reef deposit.

The Byron Formation contains a
higher percentage of dolomite compared to the
Lime Island Formation and Hendricks Forma-
tion. It is characterized by alternating layers of
muddy limestones and muddy dolostones that
contain thin algal laminations, mudcracks, soft
sediment deformation, intraclasts, brachio-
pods, and gastropods. This formation most
likely represents alternating intertidal and su-
pratidal complexes (Harrison, 1985).

The uppermost formation of the Burnt
Bluff Group is the Hendricks Formation. It
contains limestones and dolostones with vari-
ous fossils such as stromatoporoids, rugose
corals, and tabulate corals. Because of the
abundance and type of these fossils, it has
been speculated that the Hendricks Formation
represents a shoal reef complex (Harrison,
1985).

The diagenetic features of the Bumnt
Bluff Group, until now, have not been docu-
mented. The diagenetic history, with particu-
lar attention paid to dolomitization, is the fo-
cus of this paper.



METHODS

The majority of the research focused
on core and thin section petrography of the
Byron Formation (70 feet thick) in the Alpena
Brown-Snowplow 1-5 well from Alpena
County, Michigan (Fig. 2). Depositional and
diagenetic features were first described mac-
roscopically in core samples, followed by mi-
croscopic study of thin sections. Identifica-
tions of various depositional and diagenetic
features and the relationships among those
features allowed us to establish a diagenetic
history for the Byron Formation. Representa-
tive thin sections were stained with Alizarin
red in order to distinguish between calcite and
dolomite and with potassium ferricyanide to

Betermine --if - iron -was- -present (Friedman; - -

1959; Dickson, 1966).
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Figure 2. Map showing the location of Alpena
Brown-Snowplow 1-5 core in Michigan and
the interpreted lithofacies in the core.

Thin sections were examined under ca-
thodoluminescence in order to determine
qualitative iron and manganese concentrations
and to help correlate various dolomite types.
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Unfortunately, all samples were dull under
cathodoluminescence, so this method could
not be used for correlation.

PETROGRAPHIC OBSERVATIONS

We identified three separate lithofacies
in the Byron Formation: (1) lime mudstone
and wackestone lithofacies, (2) lime packstone
and grainstone lithofacies, and (3) dolomitic
wackestone lithofacies.

Lime Mudstone and Wackestone Lithofacies
This limestone lithofacies, which

makes up less than 10% of the Byron Forma-
tion, is dominated by tan to light brown mud-

-stones- and- wackestones.--The mudstones are

massive with some barely distinguishable
peloids. The wackestones contain rounded
mudstone intraclasts and brachiopod- and gas-
tropod-dominated skeletal fragments in a
peloidal mud. Slightly wavy and planar thin
laminations can be seen throughout this rock,
but much of it appears to be massive. Small
burrows are also found in these mudstones and
wackestones. There is some soft sediment
deformation including deformed mudcracks
and some mm-scale ball and pillow structures.

Diagenetic features in this unit include
displacive anhydrite crystals, two distinctive
dolomite types, and some compaction fea-
tures. Randomly-oriented, euhedral and sub-
hedral crystals of anhydrite are found at the
top of one bed of this lime mudstone. Silt-
sized, anhedral to euhedral isolated replace-
ment dolomite crystals make up approxi-
mately 50% of this peloid-rich mudstone (Fig.
3a). Some of these dolomite crystals cross-cut
calcite shell boundaries. In addition, this
lithofacies contains fracture- and intergranular
pore-filling calcite and dolomite



Figure 3. Photomicrographs of isolated replacement dolomite crystals. a) Lime mudstone and
wackestone lithofacies contains up to 50% partial replacement dolomite. Note dolomite crystal
cross-cutting calcite shell (arrow). b) Detail of calcite shell cross-cut by isolated replacement
dolomite  crystal  (arrow) in  lime  packstone  and  grainstone lithofacies.
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Figure 4. Photomicrographs of lime packstone and grainstone lithofacies. a) Lime mudstone
intraclasts and dolomitic mudstone intraclasts cemented byboth dolomite and calcite intergranu-
lar cements. b) Displacive dolomite pseudomorph, now filled with dolomite cement. Pseudo-
morph is in dolomitic intraclast.
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cement. Serrated, high amplitude stylolites
are found throughout this unit and truncate
some of the isolated replacement dolomite
crystals.

Lime Packstone and Grainstone Lithofacies

This coarser-grained medium brown to
very dark gray limestone makes up approxi-
mately 40% of the Byron Formation (Fig. 4a).
This lithofacies consists of a framework of
shells and shell fragments, peloids, and large
rounded mudstone intraclasts with a small
amount of mud matrix. The majority of the
shell fragments are bivalves and/or brachio-
pods, and gastropods. Algal laminations ap-
pear as dark, thin slightly wavy layers. Some
localized compaction resulted in mud lenses
bound between algal laminations. Many of
the intraclasts contain mudcracks.

This lithofacies contains all four types
of dolomite identified in the Byron Formation,
as well as some other diagenetic features.
Some intraclasts are composed of an inter-
locking crystal mosaic ferroan dolomite. The
dolomite crystal mosaic is truncated by these
intraclast grain boundaries; dolomite crystals
do not cross-cut the grain boundaries. Ran-
domly-oriented, euhedral and subhedral pseu-
domorphs of displacive dolomite are found
only in the mudstone intraclasts (Fig. 4b).
These pseudomorphs of dolomite crystals vary
up to 3mm in size. The original dolomite in
these pseudomorphs has been dissolved and
two generations of dolomite cement have
filled in the rhombic pore space (Fig. 4b). Be-
sides the pseudomorph-filling dolomite ce-
ment, white, blocky dolomite cement is also
present in mudcracks and in fractures (Fig. 5).

I R T TR
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Figure 5. Photomicrograph of fractures filled with dolomite cement in dolomitic intraclast

within lime packstone and grainstone lithofacies.



Figure 6. Photomicrographs of displacive anhydrite. a) Displacive anhydrite laths in lime mud-
stone and wackestone lithofacies. b) Close-up view of 5a (see arrow), showing isolated re-
placement dolomite crystal cross-cutting displacive anhydrite crystals.
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Some displacive anhydrite laths are
found in association with some of the isolated
replacement dolomite crystals (Fig. 6a). In
many cases, the anhydrite laths and calcite
shell fragments are cross-cut by isolated re-
placement dolomite crystals (Fig. 6b). Some
calcite and dolomite cement is also found in
this lithofacies as intergranular cement be-
tween intraclasts, as well as vug-filling ce-
ment. Stylolites are present throughout this
unit and cross-cut displacive anhydrite crys-
tals. The stylolites in this unit vary from low
amplitude, serrated to gently undulating.

Dolomitic Wackestone Lithofacies

The third lithofacies is the most abun-
dant, making up nearly 50% of the formation.

It is a very fine-grained light tan peloidal
dolomite with rare brachiopod and gastropod
shells and shell fragments and rare mudstone
intraclasts. Very thin laminations and both
small mudcracks and large prism cracks
dominate this lithofacies. Both undeformed
and slightly compacted mudcracks exist, but
are markedly different than the deformed
mudcracks in the limestone lithofacies. An
interlocking crystal mosaic ferroan dolomite
has replaced all grains and sedimentary struc-
tures in this lithofacies, including peloids,
shell fragments, and mudcracks. However,

some intercrystalline dolomite cement is
found in areas of the coarsest replacement
dolomite (Fig. 7).

Figure 7. Photomicrographs c;f interlocking crystal mosaic dolomite that makes up the dolomitic
wackestone lithofacies. Some intercrystalline dolomite cement is found only in the coarsest parts

of this replacement dolomite
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DISCUSSION
Depositional Environments

The Byron Formation consists of
abundant mudcracks and planar to slightly
wavy thin laminations along with some mas-
sive mudstone, algal laminations, intraclasts,
peloids, gastropods, brachiopods, and bi-
valves. In addition, there is evidence of dis-
placive anhydrite, displacive dolomite, and
soft sediment deformation. These features are
characteristic of many modern tidal flats, and,
therefore, the Byron Formation was most
likely deposited in a tidal flat setting during
the Silurian. More specifically, the dolomitic
wackestone lithofacies was deposited in a su-
pratidal zone, while the lime mud-stone/
wackestone and lime pack-stone/grainstone
deposits probably formed in intertidal and
subtidal zones, respectively. Our interpreta-
tions of tidal flat depositional environments
agree with those of Harrison (1985), who
found evidence of intertidal and supratidal de-
posits in the Byron Formation in other cores
from northern Michigan.

Paragenetic Sequence

The Byron Formation contains a vari-

ety of diagenetic features including displacive
dolomite and anhydrite, two types of replace-
ment dolomite, calcite and dolomite cements,
dissolution features, and stylolites.
Many of the diagenetic features we observed
in the Byron Formation formed early in its
history (Fig. 8). Mudcrack formation and soft
sediment compaction features were some of
the earliest events after deposition. Mud-
cracks can be seen cross-cutting laminations,
and many of these mudcracks are deformed by
soft sediment deformation.

Much of the dolomite also formed
early in the paragenetic sequence. Displacive
dolomite and anhydrite crystals may have
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Figure 8. Paragenetzc sequence for the Silu-
rian Byron Formation.

formed early while sediment was soft. Very
early displacive growth in a soft sediment is
suggested by: (1) relatively large size com-
pared to the host sediment; (2) euhedral crys-
tal shapes; (3) random orientation in host
mudstone; and (4) cross-cutting by a mud-
crack. Furthermore, displacive dolomite crys-
tals are only found in mudstone intraclasts at
the base of subtidal lithofacies. This also sug-
gests early formation of displacive dolomite
prior to intraclast transport and deposition.

Intraclasts and the immediately under-
lying mudcracked mudstones are composed of
the interlocking crystal mosaic dolomite. This
dolomite type is interpreted as a replacement
phase because the dolomite crystals cross-cut
peloid and shell grain boundaries. This dolo-
mite replacement occurred very early, as evi-
denced by: (1) truncation of the dolomite crys-
tal mosaic at intraclast grain boundaries; (2)
cementation of some intraclasts by later-stage
calcite and dolomite crystals; and (3) localiza-
tion of dolomite crystal mosaic in specific
lithofacies and grain types. This dolomite
type is not pervasive throughout the Byron
Formation, another suggestion that this re-
placement dolomite did not form late in the
history of these rocks.



Dissolution occurred to some dolomite
and limestone. Displacive dolomite crystals
are now pseudomorphs filled with dolomite
cement, indicating that the original displacive
dolomite was dissolved sometime before the
dolomite cementation. In addition, rare ir-
regularly-shaped vugs exist in the limestone
lithofacies and are filled with both dolomite
and calcite cement.

Isolated replacement dolomite crystals
are found throughout the limestone lithofacies.
We also interpret this dolomite as a replace-
ment phase.  These euhedaral-subhedral
dolomite crystals cross-cut shells and peloids,
as well as displacive anhydrite crystals and
some intergranular calcite cement. These iso-
lated replacement dolomite crystals are a dif-
ferent generation of dolomite than the previ-
ously-discussed interlocking mosaic dolomite
because: (1) the isolated replacement dolomite
crystals are non-ferroan and the interlocking
crystal mosaic dolomite is ferroan; and (2) the
isolated replacement dolomite crystals are not
as specific to lithofacies or grain type as is the
interlocking crystal mosaic dolomite. @ We
have observed some isolated replacement
dolomite crystals truncated by stylolites, indi-
cating that they formed prior to the compac-
tion of the Byron Formation. Although it is
difficult to ascertain the timing of this dolo-
mitization, it was not the earliest nor the latest
diagenetic event to occur in the Byron Forma-
tion. These isolated dolomite crystals seem to
imply partial replacement and may be the be-
ginning stage of the complete dolomite re-
placement process.

Timing and correlation of the various
dolomite and calcite cements has proven to be
somewhat difficult to ascertain because of the
lack of cross-cutting relationships, and the
homogeneity of cathodoluminescent proper-
ties. However, some general conclusions can
be drawn from the relationships that do exist.
Dolomite cement can be seen filling fractures,
intergranular and intragranular pores, and dis-
placive dolomite pseudomorphs. Some re-
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placement dolomite crystals seem to act as
both replacement phase and cement where a
single crystal cross-cuts a peloid or shell grain
and grew into pore space. The dolomite ce-
ments came after the dissolution of the dis-
placive dolomite crystals and after the re-
placement interlocking dolomite mosaic.
Some calcite cement is found with dolomite
cement in vugs and in intergranular pores. In
places where the dolomite and calcite cement
exist together, it is difficult to determine
which formed first. At least some calcite ce-
ment formed before the isolated partial re-
placement dolomite crystals because this
dolomite type cross-cuts some intergranular
calcite cement. A final dolomite cement type
that most likely formed late is fracture-filling
dolomite (Fig. 5).

Stylolites are present throughout the
Byron Formation and most likely occurred
late. The only cross-cutting relationships we
observed, in regards to stylolites, were that of
a stylolite cross-cutting a partial replacement
dolomite crystal and an anhydrite lath. This
relationship tells us that the stylolites came
after the early formation of the displacive an-
hydrite laths as well as after the partial re-
placement dolomite formed. We saw no fea-
tures that truncated the stylolites, suggesting
that solution compaction was among the last
of the diagenetic events to occur. However,
fractures filled with dolomite cement are not
truncated by any other features, indicating that
fracture-filling cements also occurred rela-
tively late in the history of these rocks.

Facies-Dolomite Relationships

The lime mudstone and wackestone
lithofacies and the dolomitic wackestone litho-
facies formed in supratidal-intertidal systems.
Both contain a large amount of replacement or
partial replacement dolomite. Dolomite and
calcite cements are found in these lithofacies.
Displacive anhydrite laths exist only in the
lime mudstone and wackestone lithofacies.



The lime packstone and grainstone
lithofacies probably represents a subtidal envi-
ronment. Pseudomorphs of displacive dolo-
mite rhombs are only present in this lithofa-
cies, but only in mudstone intraclasts, indicat-
ing that the displacive dolomite probably
formed in a mudstone in a supratidal or inter-
tidal environment before mudcrack-initiated
intraclasts were eroded and deposited in this
subtidal zone. Partial replacement dolomite
also exists in this subtidal lithofacies. Dolo-
mite and calcite cements are slightly more
abundant in this subtidal lithofacies than in the
supratidal-intertidal lithofacies.

Dolomitization Model for Displacive Dolo-
mite and Replacement Dolomite

A Case for Early Tidal Flat Dolomiti-
zation.

Much of the dolomite that is present in
this rock formed early. Petrographic evidence
shows that displacive dolomite crystals and
interlocking crystal mosaic replacement
dolomite formed very early in supratidal flats.
These early dolomites probably formed from
evaporated seawater. Support for this is
found in the displacive anhydrite rthombs as
well as the depositional environment. These
rocks were formed in a tidal flat complex and
were exposed to large amounts of seawater.
The presence of anhydrite also suggests
evaporative conditions. Modemn supratidal
zones in arid climates commonly contain sea-
water with elevated salinities and often result
in evaporite minerals as well as some rare
dolomite (Shinn, 1983).

Although dolomite has been reported
forming relatively early in arid tidal flats, it is
usually in the form of displacive rhombs, ce-
ments, or surface crusts. Modern replacement
dolomite is rare and poorly-ordered. Were
conditions during the Silurian more favorable
than today for making dolomite?
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Silurian seawater temperatures in
Michigan were approximately the same as
modern seawater temperatures on arid, tropi-
cal tidal flats. These temperatures were high
for surface water temperatures, ranging from
20°C to 40°C (Losey and Bension, 2000).
This temperature range would account for
high evaporation rates and result in elevated
salinities.

It has been suggested recently that the
seawater chemistry during Silurian time was
very different than modern seawater (Brennan
et al., 2000a and 2000b). Silurian seawater
had higher calcium and potassium and lower
magnesium and sulfate than modern seawater.
Brennan et al. (2000a and b) have calculated
that the Mg:Ca ratio of Silurian seawater was
1:1 to 2:1, compared to today’s 3:1 Mg:Ca
ratio. It would seem that this lower Mg would
make it even more difficult to make early
dolomite during Silurian time. However,
evaporation leading to precipitation of gypsum
and/or anhydrite would increase the Mg:Ca
ratio, leading to possible dolomite formation.

Many examples of modern dolomite
formation in supratidal environments have
been described (see Shinn, 1983; Lasemi et
al., 1989 for example). These supratidal
dolomites are limited to displacive dolomite
crystals, dolomite cements, and dolomitic
crusts, as well as aeolian dolomite dust. Re-
cent work on Tertiary and Quaternary dolo-
mites has documented various dolomite types,
including dolomite cements and partial re-
placement dolomite, forming in both subtidal
sediments (ie., Mazzullo et al., 1998; Swart
and Melim, 2000; Teal et al., 2000). Normal
salinity seawater, elevated salinity seawater,
and biogeochemical processes have all been
called upon to explain early dolomitization in
modern and recent carbonate settings. There-
fore, it is reasonable that some of the Byron
Formation’s dolomite, even its significant
amount of replacement dolomite, may have
formed very early in its diagenetic history.



A Case Against Burial Dolomitization.

Most replacement dolomite has tradi-
tionally been explained as “burial dolomite”.
Perhaps this is due to the fact that many re-
placement dolomites are pervasive and are
closely associated with stylolites. But, in
some cases, the heat, pressure, and time that
have acted on carbonates that are buried
deeply simply are attractive conditions to ex-
plain dolomitization.

Deep burial was probably not the
cause of the majority of the dolomite present
in the Byron Formation. The timing, along
with relationship with evaporites and specific
depositional features, suggests that the dis-
placive dolomite and replacement dolomite
formed long before these rocks were buried to
any extent.

The maximum burial depth of the Pa-
leozoic rocks of the Michigan Basin has been
a difficult question to answer, as it is not well
documented in the literature. Through com-
puter modeling, it has been estimated that the
maximum burial depth of the Bumnt Bluff
Group was 2 km in the center of the basin
(Everham et al., 1999). However, at the edges
of the basin, where these samples were lo-
cated, the maximum burial depth would have
probably been less that 2 km. Regardless, the
temperatures generated by the maximum bur-
ial depth may not have been sufficient to form
“burial” dolomite, which has typically been
described as forming at temperatures of at
least 90°C (see Aulstead and Spencer, 1985
and Shelton et al., 1992). If a geothermal gra-
dient of 30°C/km is assumed (there is no evi-
dence of hydrothermal influence), the tem-
perature at the center of the basin would be
near 60°C and less than 60°C at the edge of
the basin. Therefore, it can be tentatively as-
sumed that the section of the Byron Formation
used in this study from the edge of the basin
was not sufficiently heated to make typical
burial replacement dolomite.
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Dolomite Cement and Partial Replacement
Dolomite: Problematic Dolomitization

The two remaining dolomite types in
the Byron Formation (dolomite cements and
the partial replacement of dolomite) are diffi-
cult to interpret. Dolomite cements are all
nonferroan and noncathodoluminescent. This
makes it difficult to evaluate any possible rela-
tionships among the pseudomorph-, inter-
granular-, intragranular-, intercrystalline-,
vug-, and fracture-filling dolomite cements.
Furthermore, some of the dolomite cement is
closely associated, and perhaps contempora-
neous, with some vug-filling calcite cement.

Isolated dolomite rhombs interpreted
as partial replacement dolomite also present
problems in interpreting their timing and for-
mation. Unlike the previously-described in-
tercrystalline dolomite crystal mosaic, this
partial replacement dolomite is not specific to
any one facies. These dolomite crystals par-
tially replace depositional grains as well as
some diagenetic features such as calcite ce-
ment.

Thus, petrographic study alone is not
sufficient to interpret the origin of the dolo-
mite cement or the partial replacement dolo-
mite. However, these dolomite types probably
were not formed early or influenced by depo-
sitional conditions. Likewise, there is no good
evidence that these dolomites were late-stage
or burial dolomites, either.

CONCLUSIONS

The majority of the dolomite in the
Silurian Byron Formation, including a signifi-
cant amount of replacement dolomite, formed
very early in the rock’s diagenetic history.
Depositional environment, timing, and asso-
ciation with displacive evaporites suggest that
evaporated seawater may have been the dolo-
mitizing fluid. This study has shown that
dolomite, including replacement dolomite, can



form early in supratidal zones in the presence
of evaporated seawater.
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