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ABSTRACT: The vertical transition from the mainly subtidal alternating shale
and carbonate units (or grand cycles) of the Conasauga Group (Middle to Up-
per Cambrian) to the peritidal dolostone of the Knox Group (Upper Cambrian
to Lower Ordovician) marks a major change in the early Paleozoic passive-
margin sedimentation of the southern Appalachians. The grand cycles represent
an interplay between intrashelf shale basin and carbonate-platform deposition.
The end of grand-cycle deposition occurred in response to carbonate platform
progradation over the infilled intrashelf basin and is associated with a promi-
nent change in diagenetic patterns observed in the uppermost Conasauga
Group strata—the Maynardville Formation. The Maynardville records upward
shallowing from subtidal shale and limestone into peritidal dolostone. This
change from a subtidal into a peritidal depositional regime influenced the early
diagenesis of the Maynardville and, in conjunction with the changes in the
regional facies distribution at the end of grand-cycle deposition, extended its
influence upon the burial diagenesis of these deposits.

The subtidal deposits of the Maynardville contain a variety of calcite cements.
Dolomite is not abundant in these deposits, where it occurs mainly as a fine-
crystalline ferroan phase associated with argillaceous layers and pressure-dis-
solution features. The local source for this dolomite during burial was provided
by expulsion of pore fluids from interbedded shale deposits, diagenesis of clay
minerals, and pressure dissolution of carbonates. Ferruginous coatings on
hardgrounds in the subtidal deposits provided an additional local source of iron
for the formation of replacement saddle dolomite. The subtidal deposits also
contain saddle dolomite cement associated with Mississippi Valley–type (MVT)
minerals, which indicate the involvement of externally derived fluids during
late burial diagenesis of these strata. The peritidal deposits, on the other hand,
are extensively dolomitized. Fine-crystalline dolomite most likely represents
early diagenetic replacement of tidal-flat carbonate sediment. Coarse-crystalline
replacement dolomite formed during burial by recrystallization of early dolo-
mite and dolomitization by warm burial brines. Fenestrae, desiccation cracks,
and evaporite-dissolution voids are occluded with dolomite cement, which is
commonly complexly zoned. Zoned dolomite precipitated during shallow to in-
termediate burial and is postdated by saddle dolomite cement. Saddle dolomite
in pore centers, dissolutional voids, and tectonic fractures formed during late
burial from warm fluids associated with the migration of MVT brines.

The effects of changes in the depositional setting on diagenesis are reflected
in similar early diagenesis between the subtidal Maynardville and the under-
lying Conasauga Group carbonate deposits, and between the peritidal deposits
of the upper Maynardville and the rest of the overlying Knox Group. The
depositional environments and early diagenesis also affected the burial diagen-
esis. The changes in regional facies distribution, caused by carbonate platform
progradation at the end of grand-cycle deposition, resulted in a decrease in the
proportion of siliciclastic components. This decrease was accompanied by a
decline in the amount of ferroan carbonate in the peritidal deposits. The May-
nardville is conformably overlain by carbonate deposits of the Knox Group.
This allowed the Maynardville–Knox succession to behave as a single hydro-
logic unit for the migration of burial fluids in response to the formation of the
Ordovician foreland (Sevier) basin to the southeast during the conversion from
a passive into a convergent continental margin. The Nolichucky Shale separates
the Maynardville–Knox succession from the carbonate deposits of the under-
lying Conasauga Group, which were, in contrast, affected by the migration of
burial fluids from the Cambrian intrashelf shale basin to the west.

INTRODUCTION

The alternating shale and carbonate units of the Conasauga Group (Middle to
Upper Cambrian) in the southern Appalachians (Fig. 1) are interpreted as grand
cycles (Aitken 1981; Walker et al. 1990a; Srinivasan and Walker 1993; Rankey et
al. 1994; Glumac and Walker 2000). These cycles represent third-order depositional
sequences sensu Vail et al. (1977), and are also recognized in the Paleozoic sedi-

mentary successions of the Great Basin, the Canadian Rocky Mountains, and the
northern Appalachians (e.g., Mount and Rowland 1981; Chow and James 1987).
The termination of grand-cycle deposition represents a prominent change in passive-
margin sedimentation in the southern Appalachians. This change is reflected in the
transition from the Conasauga Group into the overlying peritidal carbonate succes-
sion of the Knox Group (Upper Cambrian to Lower Ordovician; Fig. 1). The May-
nardville Formation, which is the uppermost Conasauga Group, consists of a lower
subtidal and an upper peritidal facies association (Fig. 1). The subtidal rocks consist
of shale and limestone, which are similar to other Conasauga Group deposits. The
peritidal deposits consist of extensively dolomitized rocks, which resemble the over-
lying Copper Ridge Dolomite and the rest of the Knox Group.

The distribution and characteristics of various diagenetic components from the
Maynardville Formation and the lower part of the overlying Copper Ridge Dolomite
were examined to document the relationship between the shift in the sedimentary
regime and corresponding change in diagenetic patterns. This study focuses on the
vertical transition from subtidal to peritidal deposition that resulted in the formation
of distinct lithofacies, which differ in type and distribution of pores and occluding
cement, and have undergone different styles of early diagenesis. Furthermore, the
influence of the changes in the depositional environments and early diagenesis on
late diagenesis is examined. The late diagenesis is considered in the context of
changes in regional facies distribution and the burial history, which was controlled
by the latest stages of passive-margin development and the transition into a con-
vergent-margin setting.

GEOLOGIC SETTING OF THE STUDY AREA

The study area is within the Valley and Ridge physiographic province of north-
eastern Tennessee (Fig. 2). There, the Upper Cambrian strata dip to the southeast
and crop out within several imbricated, northeast–southwest trending thrust blocks.
Five stratigraphic sections from three thrust blocks were measured and sampled
(Figs. 2, 3).

A passive continental margin was established along the eastern margin of North
America following the breakup of the supercontinent Rodinia in the Late Precam-
brian and Early Cambrian (Bond et al. 1989). The sedimentary record of the southern
Appalachians reveals the existence of a broad carbonate platform on this passive
margin during the early Paleozoic (Fig. 2). The platform flanked the Iapetus Ocean
to the east and the Conasauga intrashelf shale basin to the west (Fig. 2). In most of
the eastern Tennessee Appalachians, Middle and Upper Cambrian sedimentation
along the western margin of the carbonate platform produced alternating shale and
carbonate units, or grand cycles, of the Conasauga Group (Figs. 1, 2). The grand
cycles are replaced in northeasternmost Tennessee and southwestern Virginia by
platform carbonate deposits (Honaker and Elbrook Dolomite), and towards the west
by the Conasauga Shale. Carbonate deposition continued into the Early Ordovician,
as evidenced by the shallow-water deposits (mainly dolostone) of the overlying
Knox Group (Fig. 1). Passive-margin sedimentation terminated at the Lower Or-
dovician Knox–Beekmantown unconformity, which marks the transition into a con-
vergent continental-margin setting (Shanmugam and Walker 1980; Read 1989).

METHODS

Petrographic analysis included examination of over 600 slabbed samples. Standard
petrographic microscopy was carried out on 330 stained thin sections. Selected thin
sections were examined using a Citl Cold Cathode Luminescence 8200 mk3 micro-
scope under the following conditions: voltage 10–12 kV, beam current 150–180
mA, and chamber pressure 180–200 millitorr.

Samples for isotope analysis were collected by drilling 2–10 mg of individual
carbonate components from polished thin-section billets using a microscope-mount-
ed microdrill. Organic matter was removed by roasting the powdered samples at
3808C for one hour. Samples for oxygen and carbon isotope analysis were reacted
off-line with 100% H3PO4 at 258C for 24 hours (calcite) or 48 hours (dolomite).
Analyses were made on a VG-903 isotope ratio mass spectrometer and are reported
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571DIAGENESIS OF THE TERMINAL CAMBRIAN GRAND CYCLE

FIG. 1.—Middle to Upper Cambrian
stratigraphy of eastern Tennessee Appalachians
(modified from Walker et al. 1990a). Note
interfingering relationship between shale and
carbonate units (grand cycles) of the Conasauga
Group, the predominance of carbonate in the
Upper Cambrian (Maynardville–Copper Ridge),
the distribution of subtidal and peritidal
carbonate deposits, and the position of sequence
(grand cycle) boundaries.

FIG. 2.—Schematic paleogeographic
reconstruction of Tennessee during the Middle to
early Late Cambrian (palinspastic reconstruction
after Roeder and Witherspoon 1978). A dotted
line shows the boundary between the exposed
craton (to the west) and the Conasauga intrashelf
basin (to the east). The area along the western
carbonate platform margin is enlarged, showing
present-day (solid circles) and palinspastically
reconstructed (open circles) locations of the
outcrops studied. Outcrop key: TZ, Tazewell;
RR, River Ridge; TH, Thorn Hill; FG, Flat Gap;
and LV, Lee Valley.

as d13C and d18O in permil (‰) relative to the PDB standard. External precision
was 6 0.05‰ for both oxygen and carbon; sample reproducibility (6 1s) was
0.2‰.

Samples for radiogenic strontium isotope analyses were dissolved in 1.0 M Ultrex
II acetic acid at room temperature. Prior to dissolution, samples were washed twice
in 500 ml of 0.25 M Ultrex II acetic acid for 5 minutes, followed by two rinses
with ultraclean Milli-Q deionized water to remove exchangeable Sr from clay min-
erals or other residue. Splits of powdered samples were also washed with 0.25 M
ammonium acetate and leached in the same manner as above. The 87Sr/86Sr ratios
of samples treated with ammonium acetate were compared with that of splits washed
in dilute acetic acid to ensure that Sr was not derived from clays or other impurities.
Sr isotope data were collected on a VG sector54 thermal ionization mass spectrom-
eter in quintuple collector dynamic mode.

Major-element and trace-element compositions were analyzed on a Cameca SX-
50 Electron Microprobe using polished thin sections, a defocused beam (10–20 mm
in diameter), 25 kV accelerating voltage, and 10 nA beam current. Detection limits
were 0.1 mole % MgCO3 for Mg (count time 5 20 s), 100 ppm for Mn and Fe,
and 200 ppm for Sr (count time 5 60 s). The calibration error was monitored by
analyzing well-characterized carbonate standards.

PETROGRAPHIC CHARACTERIZATION

Vertical successions of various lithofacies comprising the subtidal and peritidal
facies associations are illustrated in Figure 3. Detailed lithofacies descriptions and
interpretations of depositional environments are included in Glumac (1997) and Glu-
mac and Walker (2000). The following sections contain a summary of the charac-
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→

FIG. 3.—Stratigraphic columns of the Maynardville Formation and the lower Copper Ridge Dolomite. The columns are hung on the Maynardville–Copper Ridge boundary.
Key to distance between outcrops: present day/palinspastically reconstructed distance. Outcrop key: TZ, Tazewell; RR, River Ridge; TH, Thorn Hill; FG, Flat Gap; and
LV, Lee Valley.

teristic petrographic observations with emphasis on the type and distribution of pores
and the occluding cements. Various carbonate diagenetic components are illustrated
in Figures 4–6 and described in greater detail in Table 1.

Subtidal Lithofacies

Ribbon rocks interbedded with shale, thrombolites, and ooid, skeletal, and intra-
clastic packstones and grainstones are the most common subtidal lithofacies (Fig.
3). The ribbon rocks consist of centimeter-scale alternating limestone and argilla-
ceous layers. The matrix of the limestone layers is composed of a mosaic of aphan-
ocrystalline to very fine-crystalline calcite, characterized by patchy distribution of
bright to dull luminescence with many individual nonluminescent crystals. The sub-
tidal micritic deposits are commonly burrow mottled. Burrows have diffuse walls,
and are distinguished as patches of fine-crystalline ferroan calcite or microsparite
and framboidal pyrite, which are also common adjacent to and within the argilla-
ceous layers (Fig. 4A), and between allochems in skeletal packstones (Table 1A).

Interparticle pores in grainstone deposits are occluded with various types of calcite
cements (Fig. 4B). Fibrous-to-bladed calcite is commonly the first generation of
cement, and it shares compromise growth boundaries with syntaxial overgrowth
calcite on echinoderm grains (Table 1A). Fine- to medium-crystalline equant calcite,
here referred to as type 1 equant calcite cement, precipitated on fibrous-to-bladed
calcite or as the first generation of cement in interparticle pores (Fig. 4B). Type 1
equant cement commonly has a drusy fabric, and it becomes less turbid in appear-
ance and more ferroan in composition towards pore centers (Table 1A). Fibrous-to-
bladed and type 1 equant calcite cements, similar to those from interparticle pores,
also occlude burrows with sharp walls (borings) and framework voids in thrombol-
itic deposits (Fig. 4C). Centers of large interparticle voids and burrows are occluded
with type 2 equant calcite cement, which consists of coarse-crystalline, nondrusy,
turbid to clear crystals that commonly stain ferroan (Fig. 4D, E). Type 2 equant
calcite is also present as the first generation of cement in voids of uncertain origin
(dissolution-enlarged?), and is postdated by a dissolution event (Fig. 5A, B). Equant
calcite crystals in these voids are characterized by clear, ferroan overgrowths on
turbid, nonferroan cores (Fig. 5A). Dissolution-enlarged voids are common in the
thrombolitic deposits and are mainly occluded with type 3 equant calcite cement
(Fig. 4F) and rare saddle dolomite cement. Type 3 equant calcite forms a coarse-
crystalline, nondrusy mosaic of clear, ferroan, uniformly non luminescent to dark
dully luminescent crystals, which are also present in tectonic fractures (Table 1A).

Dolomite is not abundant in the subtidal deposits, and where present, it is ferroan.
The most common type is fine-crystalline dolomite associated with the argillaceous
layers of the ribbon rocks (Fig. 4A, B). Besides this dolomite, ferroan microsparite,
and framboidal pyrite, the argillaceous layers also contain rare glauconite and nu-
merous pressure-dissolution features (Fig. 4A). Coarse-crystalline saddle dolomite
is present in the subtidal deposits as a later replacement phase, commonly associated
with hardgrounds characterized by ferruginous crusts and coatings (Fig. 5C, D).
Saddle dolomite is also present as a pore-central cement in dissolution-enlarged
voids (Fig. 5A, B), and accompanied by rare Mississippi Valley–type (MVT) min-
erals such as galena, sphalerite, and pyrite in large interparticle pores in coarse-
grained intraclastic deposits (Table 1B).

Peritidal Lithofacies

Peritidal lithofacies consist predominantly of mudstone and centimeter-scale, fin-
ing-upward couplets or mechanical laminites interbedded with a variety of microbial
carbonate deposits, and less common ooid grainstone and calcareous siltstone (Fig.
3). These lithofacies are essentially devoid of skeletal remains (except for rare tri-
lobite fragments associated with thrombolites and digitate stromatolites), and contain
ample evidence for hypersaline conditions (evaporite pseudomorphs) and periodic
subaerial exposure (mudcracks and scalloped erosional surfaces).

Most of the peritidal lithofacies are extensively dolomitized. Four dolomite replace-
ment fabrics have been observed: dolomicrite, dolomicrosparite, coarse-crystalline do-
lomite (Fig. 6A), and saddle dolomite (Fig. 6B). Dolomicrite and dolomicrosparite are
more abundant, finer-crystalline, have planar crystal boundaries, and are fabric retentive
in comparison with the coarse-crystalline and saddle dolomite (Table 1B). The pro-
portion of coarse-crystalline and saddle dolomite increases upsection.

Shallow subtidal thrombolites and digitate stromatolites are rare deposits in the
peritidal facies association that have escaped complete dolomitization (Glumac and
Walker 1997). These microbial deposits are present in the bases of some of the

meter-scale shallowing-upward cycles recognized within the succession of peritidal
lithofacies (Glumac and Walker 2000). The upper parts of these cycles are composed
of extensively dolomitized intertidal to supratidal micritic deposits, and cycle tops
are capped with subaerial exposure surfaces (Fig. 3).

The most common pore types in the peritidal deposits are desiccation cracks,
evaporite-dissolution pores, and fenestrae. These pores are occluded by dolomite
cement, which is in many cases zoned (Fig. 6C–F). Small voids are occluded by
nonluminescent dolomite, which is petrographically similar to cores of complexly
zoned dolomite crystals from larger pores. The number and thickness of individual
zones of dolomite cement, recognized using cathodoluminescence (CL), vary sub-
stantially between pores (Fig. 6E, F). The centers of large pores are occluded with
coarse-crystalline, mostly nonluminescent saddle dolomite, which also occludes dis-
solutional voids and tectonic fractures (Fig. 6G, H).

GEOCHEMISTRY

A summary of geochemical data for the carbonate components examined is given
in Table 2. Stable-isotope values, elemental compositions, and strontium isotope
ratios for the components analyzed are illustrated in Figures 7, 8, and 9.

Stable Isotopes
In comparison to the estimated stable-isotope composition of Cambrian marine

calcite (d18O 5 —5‰; d13C 5 20.5‰ PDB; Lohmann and Walker 1989) and
Upper Cambrian–Lower Ordovician marine calcite (d18O 5 25 to 23‰; d13C 5
21 to 12‰ PDB; Gao and Land 1991), all carbonate components analyzed are
depleted in 18O and are generally enriched in 13C (Fig. 7). The measured d13C values
of various depositional and diagenetic components define a wide range (from 20.6
to 15‰; Fig. 7). The d18O values of calcimicritic matrix of microbial subtidal
deposits (average 5 29.9‰) are in general more negative than the matrix of as-
sociated nonmicrobial deposits (average 5 27.8‰; Fig. 7A). The d18O values of
various calcite cements from the subtidal deposits overlap significantly, and range
from about 213‰ for some of the type 3 equant calcite cements to about 27.5‰
for some of the fibrous-to-bladed calcite cements (Fig. 7B). The d18O compositions
of cement and replacement saddle dolomite from the subtidal deposits (29.9 to
28.1‰) are more negative than those of the fine-crystalline dolomite from argil-
laceous layers of ribbon rocks (28.1 to 26.0‰; Fig. 7A, B).

The d18O compositions of the four types of replacement dolomite from the per-
itidal deposits also show substantial overlap (Fig. 7C). The succession of replace-
ment fabric from dolomicrite to dolomicrosparite, coarse-crystalline dolomite, and
saddle dolomite is characterized by slight depletion in average d18O values (dolom-
icrite 5 26.7‰; saddle dolomite 5 27.7‰). Isotope values for the two types of
dolomite cements from the peritidal deposits also overlap, but the average d18O
value of zoned dolomite (27.7‰) is less negative than that of saddle dolomite
(28.2‰; Fig. 7D).

Major and Trace Elements

Data points illustrating the Sr versus MgCO3 concentrations in various calcite
components from the subtidal deposits define three compositional fields: (1) Sr $
2000 ppm and MgCO3 , 1.2 mole %; (2) Sr between 200 and 2000 ppm and
MgCO3 between 1 and 3 mole %; and 3) Sr , 200 ppm, and MgCO3 between 0.25
and 2.5 mole % (Fig. 8A). The first compositional field represents compositions of
some of the fibrous-to-bladed calcite cement, whereas the second field comprises
most of the remaining fibrous-to-bladed calcite, all micrite, and many of the type 1
equant calcite cements (Fig. 8A). The compositions of all remaining components
(few fibrous-to-bladed calcite, many type 1 equant calcites, and all syntaxial and
type 2 and 3 equant calcite cements) define the third compositional field, with the
exception of a single type 3 equant calcite whose Sr composition reaches 340 ppm
(Fig. 8A). The Fe and Mn concentrations of calcite components from the subtidal
deposits have a significant intersample variation for most components, and range
from below detection limit (, 100 ppm) for some of the fibrous-to-bladed calcite
and type 1 equant calcite cements to a maximum of 3181 ppm (micrite) and 531
ppm (fibrous-to-bladed calcite), respectively (Fig. 8B).

Saddle dolomite from the subtidal deposits has a nonstoichiometric composition,
with the CaCO3 content ranging from 53.2 to 55.5 mole % (Fig. 8C). Saddle do-
lomite cement has a somewhat higher MgCO3 composition (average 42.4 mole %),
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TABLE 1.—Description of carbonate diagenetic components from the subtidal and peritidal lithofacies.

Occurrence Description Cathodoluminescence

A) subtidal lithofacies

Calcite

Microsparite Associated with framboidal pyrite in burrows with diffuse walls in micritic lay-
ers of ribbon rocks. Adjacent to and within argillaceous layers of ribbon
rocks. Replaces skeletal and micritic allochems and micritic matrix of pack-
stone deposits.

Mosaic of very fine- to fine-crystalline (10–25
mm) calcite. Commonly stains ferroan.

Mainly non- to dark dull luminescent. Rare crys-
tals are more brightly luminescent.

Fibrous-to-bladed cal-
cite cement

First generation of cement. Fibrous morphology is commonly replaced by bladed
(prismatic) crystals away from the substrate. Fibrous cement is common as
isopachous rims on ooids and trilobite fragments. Fibrous-to-bladed calcite
also lines walls of burrows and framework voids in thrombolitic deposits.

Radial- and radiaxial-fibrous (length : width . 6:
1), and bladed (prismatic) crystals (1:1 ,
length : width , 6:1); maximum width 5 200
mm; maximum length 5 500 mm. Cloudy or
turbid (inclusion rich).

Uniform to patchy non- to dark dull lumines-
cence. Some crystals have nonluminescent
cores and dull to bright terminations with
complex banding.

Syntaxial calcite ce-
ment

Syntaxial overgrowth on echinoderm fragments in packstone/grainstone deposits.
Rare coarse crystals poikilotopically engulf other allochems and share com-
promise growth boundaries with fibrous-to-bladed calcite.

Coarse crystalline (up to 2.5 mm). Turbid (inclu-
sion-rich), with clear outer crystal rims.

Dark dull luminescence. Occasional more bright-
ly luminescent patches and thin outer crystal
rims.

Type 1 equant calcite
cement

Precipitated on fibrous-to-bladed calcite or as the first generation of cement in
intergranular pores and burrows. Completely occludes centers of small pores.

A drusy fabric of equidimensional fine- to medi-
um-crystalline (up to 100 mm) crystals, which
commonly become clear and ferroan towards
pore centers.

Uniformly dark dull luminescent.

Type 2 equant calcite
cement

Precipitated on fibrous-to-bladed and/or type 1 equant calcite cement in central
parts of large pores. Makes pore-rim cement in voids of uncertain origin (dis-
solution enlarged?). Postdated by a dissolution event.

Non-drusy mosaic of coarse (up to 1 mm) crys-
tals. Mostly ferroan in composition, or forms
clear overgrowths on turbid nonferroan cores.

Common non- to dark dully luminescent sub-
zones or dark cores and thicker, bright orange/
yellow outer parts with dull patches or sub-
zones.

Type 3 equant calcite
cement

Occludes dissolution-enlarged voids (common in thrombolitic microbial depos-
its) and tectonic fractures. Associated with rare dolomite cement.

Coarse- to very coarse-crystalline (up to 3 mm)
equant, nondrusy, clear, ferroan crystals.

Nonluminescent or uniformly dark (dull orange)
luminescent.

Dolomite

Fine-crystalline dolo-
mite

Associated with clay seams in argillaceous layers of ribbon rocks and with
small-amplitude stylolites in other deposits. Scattered crystals replace micritic
matrix and allochems. Commonly associated with ferroan microsparite and
framboidal pyrite.

Ferroan; very fine- to fine-crystalline (10–50
mm); anhedral to subhedral. Rare medium-
crystalline (,150 mm) rhombohedral (planar-
e) crystals.

Nonluminescent. Rare rhombohedral crystals
have uniform or zoned dull to bright lumines-
cence.

Replacement saddle
dolomite

Selectively replaces allochems (skeletal fragments, peloids). In interparticle pores
of skeletal packstone/grainstone as a possible replacement of preexisting ce-
ment. Associated with hardgrounds with ferruginous crusts and coatings on
allochems.

Ferroan, coarse- to very coarse-crystalline (250
mm–1.5 mm) dolomite with curved crystal
boundaries and characteristic undulatory ex-
tinction.

Nonluminescent. Less common dark dull lumi-
nescent crystals.

Saddle dolomite ce-
ment

Pore-central cement; postdates type 2 equant calcite cement; preceded by a dis-
solutional event. Associated with pyrite, rare galena, and sphalerite in coarse-
grained intraclastic layers, and with some type 3 equant calcite cement in dis-
solutional voids and fractures.

Ferroan, very coarse-crystalline (1–4 mm) dolo-
mite with curved crystal boundaries and undu-
latory extinction. Some crystals are brownish
in plane light.

Nonluminescent to very dark dull reddish/brown
luminescent. Occasional thin bright red/orange
luminescent zone.

B) peritidal lithofacies

Replacement

Dolomicrite The primary component of mud-rich deposits including: dolomitized mudstone,
fine-grained mechanical laminites or couplets, upper micritic parts of medium-
to coarse-grained couplets, and stratiform and domal stromatolites.

Fabric-retentive mosaic of aphanocyrstalline to
very fine-crystalline (,10–15 mm) anhedral to
euhedral (planar-e) dolomite.

Uniform to patchy non- to dark dull orange lumi-
nescence.

Dolomicrosparite Similar to dolomicrite. Common in lower portions of medium/coarse-grained
couplets and in microbial deposits. Forms irregular patches that crosscut litho-
logic boundaries.

Fabric retentive mosaic of fine-crystalline (15–60
mm) subhedral (planar-s) to euhedral (planar-e)
dolomite.

Patchy non- to bright orange luminescence.

Coarse-crystalline do-
lomite

Increases in abundance upsection. Laminae and allochem ghosts indicate re-
placement of domal and columnar stromatolites, and oolitic, intraclastic, and
peloidal deposits. Also occurs in fabric-obliterative mosaics and in patches in
rare limestone deposits.

Xenotopic mosaic of medium to coarse (60–300
mm) crystals with irregular and nonplanar
boundaries. Some crystals have turbid cores
and clear outer parts.

Non- to dark dull luminescent. Patchy dull lumi-
nescence is associated with allochem ghosts.

Saddle dolomite Least abundant replacement phase; restricted to the uppermost Maynardville and
the Copper Ridge Dolomite. Fabric obliterate, patchy, irregular distribution. In
some cases replaces burrows, and is embedded in dark, argillaceous and bitu-
minous matrix.

Coarse- to very coarse-crystalline (up to 1–2
mm). Well developed curved crystal faces.
Some crystals have turbid centers and less tur-
bid to clear outer parts.

Nonluminescent to dark dull brown luminescent.
The surrounding bituminous matrix has dark
blue luminescence.

Cement

Zoned dolomite ce-
ment

Completely occludes smaller desiccation, evaporite-dissolution, fenestral, and
rare intergranular and oomoldic voids. Pore-rim cement in larger voids. Indi-
vidual rhombohedral crystals occur on rims of dissolution-enlarged voids in
rare nondolomitized thrombolitic deposits.

Medium- to coarse-crystalline (200 mm–1 mm).
Individual pore-rim rhombohedral crystals
(,300 mm). common turbid cores and less
turbid outer parts. Uniform to undulatory ex-
tinction.

Complexly zoned. Number and thickness of
zones vary. Turbid cores are dull luminescent,
followed by several bright to dull luminescent
zones, and an outermost non- to dark dull lu-
minescent zone.

Saddle dolomite ce-
ment

Precipitated on pore-rim zoned dolomite cement in larger desiccation and evapo-
rite-dissolution voids as the last, pore-occluding cement. Completely occludes
tectonic fractures, dissolution voids, and voids of uncertain origin in fabric-
obliterated deposits. Associated with sphalerite in fractures and dissolution
pores.

Very coarse-crystalline (1–3 mm). Well devel-
oped curved crystal faces and undulatory ex-
tinction. Some crystals are uniformly turbid or
have turbid cores and less turbid rims.

Similar to outermost part of zoned dolomite ce-
ment: nonluminescent with some very faint,
dark dull luminescent zones. Turbid crystals
are uniformly dark dull luminescent.

and lower Fe concentration (average ; 17,500 ppm) than replacement saddle do-
lomite from the subtidal deposits (average 5 41.1 mole % MgCO3 and ; 24,000
ppm Fe; Fig. 8C, D). The peritidal replacement and cement dolomites have a stoi-
chiometric to Ca-rich (maximum 56.7 mole % CaCO3) composition (Fig. 8C). Rel-
ative to the subtidal dolomite, peritidal dolomites have generally higher MgCO3 and
lower Fe and Mn concentrations (Fig. 8C, D).

The distribution of trace elements was also examined along transects through
pores in the peritidal deposits occluded with zoned and saddle dolomite cements
(Fig. 8E, F). In both cements the Fe concentrations increase from the rims towards
the pore centers. The maximum Fe concentrations in the outer nonluminescent parts

of the zoned dolomite (about 5000 ppm) are comparable to the lowest Fe concen-
trations in the saddle dolomite cement along pore rims (Fig. 8E, F).

Strontium Isotopes

The 87Sr/86Sr ratios of the micrite (0.7092) and fibrous-to-bladed calcite (0.7091)
from the subtidal deposits are within the estimated range for Late Cambrian seawater
(0.7090 to 0.7093; Burke et al. 1982; Keto and Jacobsen 1987), whereas the saddle
dolomite cement from the subtidal deposits has a slightly higher 87Sr/86Sr value
(0.7096; Fig. 9). The dolomicrite from the peritidal strata is also enriched in 87Sr
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TABLE 2.—Summary of geochemical data for the carbonate components from the subtidal and peritidal lithofacies.

A) subtidal lithofacies

Component

d18O‰ PDB

Range Avg (n)

d13C ‰ PDB

Range Avg (n) 87Sr/86Sr

Micrite (nonmicrobial)
Micrite (microbial)
Fibrous-to-bladed calcite cement
Type 1 equant calcite cement
Type 2 equant calcite cement
Type 3 equant calcite cement
Fine-crystalline dolomite
Replacement saddle dolomite
Saddle dolomite cement

28.98 to 27.16
210.98 to 28.71
210.16 to 27.48
210.65 to 28.83
211.00 to 29.07
212.92 to 29.38
28.15 to 26.05

—
29.90 to 28.41

27.82 (20)
29.88 (7)
28.92 (17)
29.53 (11)
29.87 (8)

211.22 (10)
27.07 (12)
28.13 (1)
28.94 (3)

0.49 to 4.09
1.53 to 3.68
2.31 to 4.89
1.24 to 4.72
1.97 to 3.19
0.70 to 3.29
2.83 to 4.99

—
3.44 to 3.97

2.40 (20)
2.89 (10)
3.48 (17)
2.76 (11)
2.53 (8)
2.28 (10)
3.71 (12)
3.39 (1)
3.65 (3)

—
0.70920
0.70910

—
0.70889

—
—
—

0.70960

Component

CaCO3 mole %

Range Avg

MgCO3 mole %

Range Avg

Fe ppm

Range Avg*

Mn ppm

Range Avg*

Sr ppm

Range Avg*

Micrite (nonmicrobial)
Fibrous-to-bladed calcite cement
Syntaxial calcite cement (clear)
Type 1 equant calcite cement
Type 2 equant calcite cement
Type 3 equant calcite cement
Replacement saddle dolomite
Saddle dolomite cement

96.85–98.23
97.38–99.54
97.46–99.21
96.98–99.18
97.31–99.31
97.29–99.75
53.83–55.28
53.23–55.57

97.55
98.24
98.32
98.23
98.63
98.46
54.74
54.53

1.63–2.50
0.16–2.52
0.71–2.37
0.75–2.90
0.62–2.53
0.24–2.37

39.59–42.22
40.95–43.91

2.22
1.58
1.54
1.63
1.25
1.41

41.10
42.36

335–3181
,100–1712

153–1039
,100–1337

345–727
832–1748

20752–32663
12821–21962

847
33/306

698
43/633

512
1512

23995
17584

,100–169
,100–531
,100–264
,100–403
,100–275

129–331
429–1057
472–1100

57/154
40/213
69/154
43/233
43/174

219
653
847

200–673
,200–2695

,200
,200–1874

,200
,200–340

,200
,200

463
11/1092

—
47/730

—
96/340

—
—

B) peritidal lithofacies

Component

d18O ‰ PDB

Range Avg (n)

d13C ‰ PDB

Range Avg (n) 87Sr/86Sr

Dolomicrite (nonmicrobial)
Dolomicrite (microbial)
Dolomicrosparite
Coarse-crystalline replacement dolomite
Saddle dolomite replacement
Zoned dolomite cement
Saddle dolomite cement

27.88 to 25.86
27.77 to 26.21
28.07 to 26.14
29.04 to 26.09

210.51 to 26.44
28.46 to 26.87
29.80 to 26.88

26.78 (41)
26.70 (11)
26.83 (15)
27.42 (12)
27.75 (8)
27.70 (11)
28.21 (18)

0.32 to 4.68
0.67 to 4.38
1.52 to 4.78
0.62 to 3.52
2.64 to 4.32
1.27 to 3.37

20.61 to 4.39

3.13 (41)
3.13 (11)
3.51 (15)
2.34 (12)
3.22 (8)
2.46 (11)
2.81 (18)

0.70970
—
—
—
—

0.70865; 0.70874
0.70866; 0.70896

Component

CaCO3 mole %

Range Avg

MgCO3 mole %

Range Avg

Fe ppm

Range Avg*

Mn ppm

Range Avg*

Sr ppm

Range Avg*

Dolomicrite (nonmicrobial)
Dolomicrite (microbial)
Coarse-crystall. replacement dol.
Saddle dolomite replacement
Zoned dolomite cement
Saddle dolomite cement

52.77–55.92
50.61–51.50
53.84–56.69
52.92–54.84
50.26–54.10
51.47–56.59

54.16
51.04
55.00
53.58
52.28
53.70

43.92–47.10
48.38–49.30
43.19–45.15
43.63–45.99
45.51–49.64
43.30–47.60

45.70
48.84
44.29
45.21
47.30
45.21

281–1315
349–892
343–8214

5426–9867
,100–4982

458–10670

774
623

4025
7025

5/2471
6264

,100–124
,100–157
,100–431
,100–488
,100–408
,100–618

56/112
78/154
27/274
11/246
16/222
11/339

,200–288
,200
,200
,200
,200

,200–261

78/254
—
—
—
—

99/261

* For the set of data containing values below detection limits (100 ppm for Fe and Mn, and 200 ppm for Sr), the first number represents the percentage of analyses below detection limit, and the second number represents
the average value for the analyses above the detection limit.

(0.7097) relative to estimated Late Cambrian seawater (Fig. 9). The 87Sr/86Sr com-
positions of all the other samples analyzed, including type 2 ferroan equant calcite
(0.70889) and peritidal dolomite cements (0.70865 to 0.70896), are lower than the
estimated range for Late Cambrian seawater and are, in fact, similar to Early and
Middle Ordovician seawater composition (Fig. 9).

CARBONATE DIAGENESIS

This section highlights the major differences in diagenetic history between the
carbonate deposits constituting the subtidal and peritidal facies associations (Fig. 3).
Paragenetic sequences that illustrate these differences and their relation to the burial
history of the strata in question are included in Figure 10. It is important to note
that these strata were deposited during a large perturbation in the global cycling of
carbon (Glumac and Walker 1998). A wide range in measured d13C values (20.6
to 1 5‰; Fig. 7) reflects a short-term secular increase in the carbon isotope ratio
of Late Cambrian (Late Dresbachian to Early Franconian, or Steptoean) seawater by
4–5‰ and buffering of diagenetic carbonate components to the host-rock d13C val-
ues. Studies of coeval successions worldwide confirm the secular nature of this large
positive carbon-isotope excursion (Brasier 1993; Saltzman et al. 1998; Saltzman et
al. 2000). The d13C values of individual samples depend mainly on the stratigraphic
position of the sample, which complicates a direct comparison of d13C values of
various carbonate components (unless they are sampled from the same stratigraphic
interval). Comparisons of isotope compositions between carbonate matrix and as-
sociated cements in stratigraphic context are discussed in greater detail in Glumac
and Walker (1998).

Subtidal Lithofacies

Calcite.—The presence of hardgrounds and intraclasts (flat pebbles) in the ribbon
rocks, and the formation of burrows with sharp walls (borings) and framework voids
in thrombolites indicate that the lithification of carbonate mud was among the ear-
liest events in the diagenetic history of the subtidal deposits. The 87Sr/86Sr value of
micrite is similar to that of the fibrous-to-bladed calcite cement (Fig. 9) and is
consistent with precipitation from Cambrian seawater (Fig. 10). The oxygen isotope
composition of micrite and the fibrous-to-bladed calcite (about 211 to 27‰; Fig.
7A, B), however, is lower than that of estimated Cambrian marine calcite (d18O 5
25 to 23‰; Lohmann and Walker 1989; Gao and Land 1991), indicating subse-
quent diagenetic modifications. Diagenetic alteration is additionally supported by the
elemental compositions and the CL patterns of these components. A covariant trend
between Mg and Sr concentrations is expected for marine calcite if these elements
are derived directly from seawater (Carpenter et al. 1991; Major and Wilber 1991;
Carpenter and Lohmann 1992; Frank and Lohmann 1996). The lack of positive
linear correlation between Sr and Mg concentrations in the fibrous-to-bladed calcite
analyzed (Fig. 8A) suggests that precipitation of this cement was influenced by
water–rock exchange through dissolution and precipitation reactions (Lohmann
1988; Banner and Hanson 1990; Saller and Moore 1991). If aragonite was originally
present in the sediment but was subsequently completely dissolved, leaving no relict
structures, recognition of calcite with an aragonitic precursor may still be possible
by its high Sr content. The high calcite Sr/MgCO3 ratio may reflect replacement of
aragonite (with 8000–10000 ppm Sr) under closed or partially closed diagenetic
conditions (Davies 1977; Brand and Veizer 1980; Mazzullo 1980; Wiggins 1986;
Lohmann 1988). The elevated Sr (close to and above 2000 ppm) and relatively low

Downloaded from http://pubs.geoscienceworld.org/sepm/jsedres/article-pdf/72/4/570/2816039/570.pdf
by Smith College Libraries user
on 24 February 2022



576 B. GLUMAC AND K. R. WALKER

FIG. 4.—Photomicrographs of characteristic features of the subtidal deposits. A) Ribbon rock consisting of a dark-colored argillaceous layer above (a), and a limestone
layer below. Partial dissolution of a skeletal fragment (trilobite) in the upper left corner is indicative of pressure dissolution (arrow). The limestone is composed of burrow-
mottled micrite (m). Burrows and areas adjacent to the argillaceous layer are composed of ferroan microsparite (ms). Framboidal pyrite (p) is common in both limestone
and argillaceous layers. Scale bar 5 1 mm. B) Ribbon rock consisting of a skeletal packstone–grainstone layer adjacent to an argillaceous layer (a) with scattered dolomite
crystals (d). Intergranular space is occluded with: syntaxial calcite cement overgrowth (s) on an echinoderm fragment (e), fibrous calcite (f) that precipitated on trilobite
fragments in shelter voids, and some type 1 equant calcite cement (c). Arrow points to the boundary between an initial turbid and later clear syntaxial overgrowth cement.
Scale bar 5 1 mm. C) Framework void in thrombolite occluded by turbid fibrous-to-bladed calcite (f), and later pore-central type 1 equant calcite cement (e). Scale bar
5 1 mm. D) Fibrous-to-bladed calcite cement (f), postdated by type 2 equant calcite (e) cement (cross-polars). E) On the paired CL photomicrograph fibrous-to-bladed
calcite has nonluminescent cores (c) and more brightly luminescent crystal terminations (t). Equant calcite shows faint nonluminescent to dark dull luminescent zonation.
Scale bar 5 250 mm. F) Dissolution-enlarged void within thrombolite occluded with type 3 ferroan equant calcite cement (e). Scale bar 5 1 mm.

MgCO3 (, 1.2 mole %) content of the fibrous-to-bladed calcite (compositional field
1 in Fig. 8A), may thus suggest that precipitation of this cement was influenced by
dissolution of precursor aragonite. No petrographic evidence for any relict aragonite
fabrics or for a relationship between Sr concentration and calcite cement morphology
and distribution was observed in the subtidal strata. Additionally, the high Sr/MgCO3

ratio was documented for only a small portion of fibrous-to-bladed calcite crystals
analyzed (compositional field 1 in Fig. 8A). In comparison, the micritic matrix has
a relatively low Sr concentration (, 700 ppm) and a lower Sr/MgCO3 ratio (com-
positional field 2 in Fig. 8A), which makes an aragonitic precursor unlikely (Wiggins
1986). A combination of these observations suggests that aragonite was not abundant
in these Upper Cambrian subtidal deposits and that it may have been present exclu-
sively as a marine cement whose wholesale dissolution in a locally closed diagenetic
system preceded precipitation of the fibrous-to-bladed calcite cement with high Sr
concentration.

The Sr and MgCO3 compositions of the micritic matrix overlap with those of the
fibrous-to-bladed calcite cement with elevated MgCO3 (1 to 2.5 mole %) and lower
Sr (, 2000 ppm) concentrations (compositional field 2 in Fig. 8A). The range of
Sr concentrations in the components from this compositional field may reflect var-
ious degrees of diagenetic alteration, judging from the composition of modern ma-
rine Mg-calcites (900 to 1500 ppm Sr) and their diagenetically stabilized counter-
parts (tens or a few hundreds of ppm Sr; Veizer 1983; Carpenter et al. 1991; Major
and Wilber 1991). The MgCO3 composition of these fibrous-to-bladed calcites and
micrites is comparable to documented retention of several mole % of MgCO3 in

high-Mg calcite (. 4 mole % MgCO3), which have been altered to low-Mg calcite
(Lohmann and Meyers 1977; Mazzullo et al. 1990). Rare microdolomite inclusions
in these fibrous-to-bladed calcite crystals also indicate that these cements may rep-
resent diagenetically stabilized high-Mg calcites (Lohmann and Meyers 1977). The
absence of common microdolomite may indicate: (1) efficient removal of Mg during
diagenetic stabilization; and/or (2) a relatively low original MgCO3 content typical
of intermediate-Mg calcite (4 to 12 mole % MgCO3). Patchy luminescence (Table
1A), and the maximum Fe and Mn concentrations of the fibrous-to-bladed calcite
(1712 and 531 ppm, respectively) and micrite (3181 and 169 ppm, respectively)
may also be the result of stabilization of Mg-calcite (under reducing conditions),
with a subsequent loss of Mg (Major et al. 1988; Meyers 1989). The CL zonation
observed in terminations of some of the fibrous-to-bladed calcite crystals (Fig. 4E)
indicates that Fe and Mn were incorporated during precipitation of these zones from
suboxic to anoxic pore waters (Sansone et al. 1990; Hendry 1993; Tobin et al. 1996).
Therefore, the fibrous-to-bladed calcite cements from the subtidal deposits are in-
terpreted to have started precipitating in the marine diagenetic realm, continued
precipitating during shallow burial as the chemistry of pore waters changed from
oxic to suboxic and anoxic (Fig. 10), and have subsequently been subjected to
various degrees of later diagenetic (deeper burial) modifications. The d18O values
for the fibrous-to-bladed calcite and micrite support modifications in the presence
of meteoric water and/or at elevated temperature during burial (Fig. 7A, B). During
these diagenetic modifications the d13C values of the fibrous-to-bladed calcite was
buffered to the carbon isotope composition of the host carbonate as determined by
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FIG. 5.—Paired plain-light and CL photomicrographs of equant calcite cement and saddle dolomite from the subtidal deposits. A) Saddle dolomite cement (d), surrounded
by type 2 equant calcite cement. Arrow indicates a boundary between initial turbid and later clear calcite cements. B) Dolomite is nonluminescent on the paired CL
photomicrograph, with the exception of one thin, brightly luminescent zone. Equant calcite cement is complexly zoned (zones 1–4). The boundary between zones 2 and 3
represents a transition from nonferroan to ferroan composition. The outer, ferroan zone of equant calcite was partially dissolved (arrows) prior to the precipitation of the
saddle dolomite. Scale bar 5 0.5 mm. C) Replacement saddle dolomite (d) in a skeletal packstone layer, about 1 cm below a hardground surface characterized by
ferruginous coatings on allochems (f). D) Saddle dolomite is nonluminescent on the paired CL photomicrograph. Scale bar 5 0.5 mm.

the comparison of the d13C values for associated carbonate matrix and cements in
stratigraphic context (Glumac and Walker 1998). Pore fluids of meteoric origin may
have affected subtidal deposits at shallow burial during repeated periods of subaerial
exposure of the overlying peritidal deposits (Fig. 3). There is no petrographic evi-
dence for extensive dissolution of subtidal deposits in the presence of meteoric
fluids, even though the pores of uncertain origin, occluded with type 2 equant calcite
cement, may be dissolution-enlarged pores (Fig. 5A, B). Extensive meteoric diagen-
esis may have been precluded by an arid to semiarid climate, short periods of sub-
aerial exposure, paucity of aragonite, and the presence of calcite with relatively low
Mg content (intermediate-Mg calcite).

The precipitation of calcite as syntaxial overgrowths on echinoderm fragments
also likely started in the marine environment (Fig. 10). This is suggested by com-
promise growth boundaries with fibrous-to-bladed calcite (Table 1A), and the turbid
appearance of the initial overgrowth cement (Fig. 4B), which is similar to the doc-
umented occurrences of inclusion-rich marine syntaxial cement (Hird and Tucker
1988; Walker et al. 1990b). Likewise, the precipitation of fine- to medium-crystalline
equant calcite (type 1) as the first generation of cement in some intergranular pores
and burrows (Table 1A) may have commenced from marine pore water (Fig. 10).
Equant Mg-calcite can precipitate as a later phase in a succession of marine cement
or in smaller pores with reduced fluid flow (Given and Wilkinson 1985; Gonzales
et al. 1992). The trace-element composition of such equant calcite cements is com-
monly identical to that of associated marine calcite cements with elongated mor-
phologies, which precipitated in larger pores with active circulation (Gonzales et al.
1992). Therefore, a similar diagenetic history is proposed for the type 1 equant
calcite and fibrous-to-bladed calcite (see above) cements with overlapping Sr/
MgCO3 ratios (compositional field 2 in Fig. 8A) and Mn/Fe ratios (Fig. 8B). The

stable-isotope compositions of these two types of cements overlap as well (Fig. 7B).
The average d18O value for type 1 equant calcite (29.5‰) is slightly lower than
that for the fibrous-to-bladed calcite (28.9‰), and this may indicate a possible
precipitation of some of the type 1 equant cements from fluids of meteoric origin
and/or at elevated temperature during burial (Fig. 10). The uncertainty in interpreting
the origin of this cement reflects the fact that it is often difficult to distinguish
between the products of meteoric phreatic and burial diagenesis (Tucker and Wright
1990; Saller and Moore 1991). Inclusion-free equant and syntaxial overgrowth cal-
cite (Fig. 4B) are commonly interpreted as meteoric cements (James and Choquette
1984; Niemann and Read 1988; but see also Frank et al. 1995). Thus, the type 1
equant calcite cements with low Sr content (, 200 ppm), and whose composition
overlaps with that of the clear syntaxial overgrowth calcite (compositional field 3
in Fig. 8A), are interpreted as shallow burial cements from pore fluids that may
have been modified by mixing with meteoric water (Fig. 10).

Precipitation of type 2 equant calcite cement in voids that were likely dissolution
enlarged, and the subsequent dissolution of this cement (Fig. 5A, B), suggest that
the subtidal deposits experienced at least two separate dissolution events: (1) during
shallow burial under the possible influence of meteoric fluids; and (2) deeper in the
subsurface (Fig. 10). During the precipitation of the type 2 equant calcite cement
on rims of dissolution-enlarged voids (Fig. 5A, B) and in centers of larger pores
(Fig. 4D, E), pore-fluid chemistry fluctuated, as evidenced by the zonation observed
in plane light and under CL. Characteristic features of this cement, such as the
equant fabric, coarse crystallinity, and a decrease in the degree of turbidity, are all
consistent with slower precipitation from fluids of lower saturation. Therefore, pre-
cipitation of type 2 equant cement (nonferroan cores) may have started during shal-
low burial from oxic waters of possible mixed marine–meteoric or meteoric origin,
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FIG. 6.—Photomicrographs of dolomite from the peritidal deposits. A) Xenotopic mosaic of coarse-crystalline replacement dolomite. Arrow points at an allochem ghost.
Scale bar 5 0.5 mm. B) Saddle dolomite in a dark bituminous matrix. Scale bar 5 0.5 mm. C) Plain-light, and D) the paired CL photomicrograph of a zoned rhombohedral
dolomite cement (d) postdated by type 3 ferroan equant calcite cement (e). Scale bar 5 250 mm. E) Desiccation void occluded by dolomite cement showing a complex
zonation on F) the paired CL photomicrograph. Scale bar 5 0.5 mm. G) A void occluded by saddle dolomite cement and a rare pore-rim rhombohedral dolomite (r). H)
On the paired CL photomicrograph rhombohedral dolomite is zoned, whereas saddle dolomite is uniformly nonluminescent to dark dull luminescent. Scale bar 5 0.5 mm.

following the first dissolution event (Fig. 10), and continued as the conditions
changed to suboxic and anoxic with progressive burial (ferroan zones; Fig. 5A, B).
Precipitation from nonmarine or modified marine fluids is additionally supported by
the Sr isotope composition of type 2 equant calcite (87Sr/86Sr 5 0.70889), which is
different from the estimated range of compositions for Late Cambrian seawater (Fig.
9). Shallow (meteoric phreatic) to later burial origin for the type 2 equant calcite is

also substantiated by its negative d18O values (211 to 29.1‰). Precipitation of
type 2 equant calcite may have been coeval with the formation of: (1) the latest
type 1 equant calcite in centers of small voids; (2) the clear outer zones of syntaxial
overgrowth calcite (Fig. 4B); and (3) ferroan microsparite (Fig. 10). This is sup-
ported by similar Sr and MgCO3 compositions of these components (field 3 in Fig.
8A), and by the elevated Fe and Mn concentrations of the type 1 equant calcite

Downloaded from http://pubs.geoscienceworld.org/sepm/jsedres/article-pdf/72/4/570/2816039/570.pdf
by Smith College Libraries user
on 24 February 2022



579DIAGENESIS OF THE TERMINAL CAMBRIAN GRAND CYCLE

FIG. 7.—Stable-isotope compositions of various depositional and diagenetic components. Estimated composition of Cambrian marine calcite is: d18O 5 25 to 23‰
PDB; d13C 5 21 to 1 2‰ PDB (Lohmann and Walker 1989; Gao and Land 1991).

(maximum 1337 and 403 ppm, respectively), type 2 equant calcite (maximum 727
and 275 ppm, respectively), and syntaxial overgrowth calcite cements (maximum
1039 and 264 ppm, respectively; Fig. 8B).

Consistent with this interpretation are overlapping d18O values of the type 1 and
type 2 equant calcite cements (Fig. 7B). The slightly more negative average d18O
value of the type 2 equant calcite (29.9‰) relative to type 1 equant calcite
(29.5‰) supports the interpretation that precipitation of coarse-crystalline type 2
equant calcite in larger pores continued during deeper burial, following the occlusion
of small pores with type 1 equant calcite (Fig. 10). The d13C values of type 2 ferroan
equant calcite cement from burrows in the subtidal deposits are commonly lower by
1 to 1.5‰ than those of the associated micritic matrix (Glumac and Walker 1998).
This difference likely resulted from incorporation of 13C-depleted carbon produced
by organic-matter degradation processes, such as microbially mediated reduction
reactions under suboxic conditions and/or subsequent abiogenic thermal decarbox-
ylation processes under anoxic conditions at increased temperature during burial
(Claypool and Kaplan 1974; Irwin et al. 1977; Coleman and Raiswell 1981; Winter

and Knauth 1992). Glumac and Walker (1998) observed a wide scatter of d13C
values, which is superimposed on the general stratigraphic trend of increasing car-
bon-isotope values in the subtidal micritic deposits of the lower Maynardville For-
mation. This trend marks the onset of the large positive Steptoean carbon-isotope
excursion, and the scatter of d13C values is attributed to diagenesis of the subtidal
deposits in the presence of degrading organic matter (Glumac and Walker 1998).
This interpretation is substantiated by the association of ferroan carbonate phases
(calcite cement and microsparite) with burrows, framboidal pyrite, fossiliferous lith-
ofacies, and argillaceous layers of the subtidal deposits (Table 1A; Fig. 4A).

The presence of MVT minerals indicates the migration of externally derived burial
brines through the subtidal deposits. A dissolution episode postdating precipitation
of type 2 equant calcite cement (Figs. 5B, 10) indicates the presence of waters rich
in organic acid or CO2, which is a common characteristic of subsurface brines,
including MVT mineralizing fluids (Meshri 1986; Spirakis and Heyl 1988; Mazzullo
and Harris 1992; Gregg et al. 1993). The association of MVT minerals with the
intraclastic deposits suggests preferential fluid migration through the coarse-grained

Downloaded from http://pubs.geoscienceworld.org/sepm/jsedres/article-pdf/72/4/570/2816039/570.pdf
by Smith College Libraries user
on 24 February 2022



580 B. GLUMAC AND K. R. WALKER

Downloaded from http://pubs.geoscienceworld.org/sepm/jsedres/article-pdf/72/4/570/2816039/570.pdf
by Smith College Libraries user
on 24 February 2022



581DIAGENESIS OF THE TERMINAL CAMBRIAN GRAND CYCLE

FIG. 9.—Sr isotope composition. Individual data points represent various com-
ponents from the Upper Cambrian deposits. Compositional fields for burial dolomite
from the Upper Knox (Montañez 1994) and the Maryville Limestone (Srinivasan et
al. 1994) are shown for comparison. The Sr isotope composition for Ordovician and
Late Cambrian seawater is indicated in the right margin (from Burke et al. 1982).

←

FIG. 8.—Elemental composition. A) MgCO3 versus Sr composition of micrite and calcite cement from the subtidal deposits. Detection limit for Sr is shown as a horizontal
line at 200 ppm. See text for explanation of compositional fields 1–3. B) Fe versus Mn composition of micrite and calcite cement from the subtidal deposits. Detection
limit for both elements is 100 ppm. C) CaCO3 versus MgCO3 composition of subtidal and peritidal dolomite. D) Fe versus Mn composition of subtidal and peritidal
dolomite. Detection limit for both Fe and Mn is 100 ppm. E) Fe compositional variations along transects through pores in the peritidal deposits occluded with the zoned
dolomite cement. Transect lengths: 1.7 mm (circles), 2.7 mm (squares), and 1.8 mm (triangles). F) Fe compositional variations for saddle dolomite cement along transects
from pore rim to pore center in the peritidal deposits. Transect lengths: 1.2 mm (circles), 0.9 mm (squares), and 1.6 mm (triangles).

porous lithofacies (Table 1B). The framework pores and burrows in the microbial
deposits, which had not been completely occluded during early diagenesis, may have
also provided pathways for the migration of burial fluids, as suggested by common
dissolution-enlarged pores in these deposits (Fig. 4F). Preferential movement of
diagenetic fluids through porous microbial deposits may have resulted in more pro-
nounced diagenetic alterations of these deposits, which is indicated by the more
negative d18O values of microbial micrite (211 to 28.7‰) in comparison with
less porous nonmicrobial micrite (29 to 27.2‰) from the subtidal deposits (Fig.
7A; Glumac 2001).

Most of the dissolution voids in the subtidal deposits are occluded with type 3

coarse-crystalline equant calcite (Fig. 4F) and pore-central saddle dolomite cements
(Fig. 5A, B). These burial cements are also present in tectonic fractures (Table 1;
Fig. 10). A burial origin for the type 3 equant calcite cements is supported by their
d18O values (212.9 to 29.4‰), which represent some of the most 18O-depleted
compositions in the suite of samples analyzed (Fig. 7B). Overlap in the d18O values
of type 3 equant calcite with type 1 and 2 equant calcite and the fibrous-to-bladed
calcite cements indicates modification of early diagenetic calcites during later dia-
genesis (Fig. 7B). The elevated Fe and Mn compositions (maximum 1748 and 331
ppm, respectively; Fig. 8B) and low Sr/MgCO3 ratios (compositional field 3 in Fig.
8A) of type 3 equant calcite are also consistent with precipitation from burial fluids
during late diagenesis. A single elevated Sr composition (340 ppm; Fig. 8A) most
likely reflects buffering to the composition of the host rock and/or early diagenetic
carbonate components.

Dolomite.—Formation of dolomite in the subtidal deposits did not require an
abundant source of dolomitizing fluids because these deposits are not pervasively
dolomitized. The d18O values of fine-crystalline dolomite in the argillaceous layers
of the ribbon rocks (28.2 to 26.1‰ PDB; Fig. 7A), which are lower than the 23
to 11‰ estimated range for dolomite precipitated in equilibrium with normal-sa-
linity Late Cambrian seawater (based on the composition of Cambrian marine calcite
and an equilibrium fractionation factor of 3 6 1‰ between calcite and dolomite;
Land 1985), suggests formation and/or alteration of this dolomite during burial. The
association of fine-crystalline dolomite with pressure-dissolution features (Fig. 4A,
B) suggests that this dolomite represents styloreactate minerals precipitated from
fluids provided by dissolution of Mg-calcite and/or stylocumulates formed by con-
centrating dolomite as a less soluble residue. These interpretations are consistent
with shallow to deeper burial formation of dolomite, prior to and during pressure
dissolution of the subtidal deposits (Fig. 10). Dolomitizing fluids during shallow
burial (prior to pressure dissolution) may have been at first provided by diffusion
of overlying seawater and by dissolution of some of the host carbonate sediments
(Mazzullo 2000; Teal et al. 2000), and by the subsequent compaction and expulsion
of pore water from argillaceous sediment, with trapped seawater and ions adsorbed
on clay-mineral surfaces serving as the source of Mg (Taylor and Sibley 1986;
Coniglio and James 1988). Additional Mg ions may have been supplied by the
release of structural water from clay minerals during illitization of smectite at tem-
peratures . 508C (Mattes and Mountjoy 1980; McHargue and Price 1982), which
were reached within the first kilometer of burial of the subtidal deposits (Fig. 10).
This process also produces Fe ions for the precipitation of dolomite enriched in Fe
and accompanied by ferroan calcite (Taylor and Sibley 1986; Gregg 1988), and
could explain the formation of the fine-crystalline ferroan dolomite associated with
the ferroan microsparite in the subtidal deposits of the Maynardville Formation.

Burial dolomitization is also responsible for the formation of the saddle dolomite
in the subtidal deposits (Fig. 10). The late burial origin for saddle dolomite is sup-
ported by its coarse-crystalline, nonplanar crystal morphology (Fig. 5), and by a
nonstoichiometric (Ca-rich) composition and elevated Fe and Mn concentrations
(Fig. 8C, D). Reduction or iron oxides and hydroxides from ferruginous crusts and
coatings on hardgrounds provided an additional source of Fe for the replacement
saddle dolomite (Fig. 5C). The d18O values of saddle dolomite (29.9 to 28.1‰)
are more negative than those of the fine-crystalline dolomite (28.2 to 26.1‰; Fig.
7A, B) and indicate higher burial temperature and thus later burial for saddle do-
lomite (Fig. 10). The presence of MVT minerals (sphalerite, pyrite, galena) indicates
the involvement of externally derived, warm basinal fluids in the diagenesis of the
subtidal deposits (Table 1A). Precipitation of saddle dolomite cement was preceded
by a dissolution event (Fig. 5A, B), which most likely took place during the initial
encounter between the subtidal deposits and these subsurface brines (Fig. 10). Dis-
solution of carbonate host rock may have resulted in saturation of the brines and
the subsequent precipitation of late diagenetic carbonate minerals. MVT minerali-
zation by basinal brines is commonly associated with late burial dolomitization of
carbonate deposits (Sverjensky 1981; Banner et al. 1988; among others). The Sr
isotope composition of saddle dolomite cement in the subtidal deposits is elevated
(87Sr/86Sr 5 0.7096) relative to estimated Cambrian seawater (Fig. 9). This is con-
sistent with precipitation of saddle dolomite from fluids that interacted with the
interbedded subtidal argillaceous layers at elevated temperatures (Kesson et al. 1981;
Stueber et al. 1987; Chaudhuri and Clauer 1992; Banner 1995). Temperatures be-
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FIG. 10.—Paragenetic diagrams illustrating the
relative timing of main events in the diagenetic
history of the subtidal and the peritidal deposits,
and the relationship with the burial history of
these strata.

tween 908 and 1758C are suggested for precipitation of the saddle dolomite cement
from the measured d18O values and an estimated range of possible d18O values for
formation waters in sedimentary basins of 0 to 8‰ SMOW (Kharaka and Thordsen
1992; equations after Land 1985).

Peritidal Lithofacies

Replacement Dolomite.—Mechanisms and timing of massive dolomitization of
ancient carbonate platform successions are still a matter of debate, but there is a
consensus that most massive dolomites formed as replacement of metastable calcium

carbonate and that a high concentration of Mg ions makes seawater an ideal source
of dolomitizing fluids (McKenzie 1991). Features that suggest that dolomicrite from
the peritidal deposits of the Maynardville Formation might be an early diagenetic
replacement of muddy carbonate sediment on a semiarid tidal flat include: (1) a
small crystal size and retention of the depositional fabric; (2) the association with
intertidal to supratidal indicators such as evaporite molds, fenestrae, microbial lam-
inae, desiccation features, and intraclasts; and (3) the paucity of fossils, indicating
a restricted setting with elevated salinity in which penecontemporaneous dolomiti-
zation can sometimes be favored (Zenger and Dunham 1988). Additionally, an abun-
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dant supply of Mg for pervasive dolomitization may have been provided by active
circulation of seawater-derived fluids through the carbonate sediment during early
diagenesis, prior to significant lithification and porosity occlusion. The argument for
early diagenetic, syndepositional dolomitization from evaporation-modified seawater
under sabkha-like conditions is strengthened by the occurrence of extensively do-
lomitized intertidal to supratidal deposits on top of rare nondolomitized shallow
subtidal deposits in the bases of some of the meter-scale shallowing-upward cycles
from the peritidal lithofacies succession (Fig. 3; Glumac and Walker 1997, 2000).
Similar arguments (relative amount and stratigraphic position of dolomite within
individual shallowing-upward cycles) were used in the interpretation of dolomicrite
from the overlying Knox Group (Fig. 1; Montañez and Read 1992). In addition, the
examined muddy subtidal and peritidal deposits have undergone a similar late (buri-
al) diagenetic history, suggesting that the difference in conditions during deposition
and early diagenesis of these deposits is most likely responsible for preferential
dolomitization of the peritidal deposits (Fig. 10).

Early dolomite is very susceptible to alteration during subsequent diagenesis. The
evidence for alteration of the early dolomite from the peritidal deposits includes: (1)
the d18O values (27.9 to 25.9‰; Fig. 7C), which reflect depletion in 18O relative
to dolomite precipitated in equilibrium with normal-salinity Late Cambrian seawater,
and thus represent even greater depletion relative to dolomite precipitated from hy-
persaline fluids; and (2) the 87Sr/86Sr ratio, which is higher than estimated for Late
Cambrian seawater (Fig. 9). A covariance between petrographic indicators, such as
the neomorphic change from fine- to coarse-crystalline mosaics, and geochemistry
(i.e., increased stoichiometry and decreased d18O values) is commonly used in iden-
tifying progressively altered dolomites (Sibley 1990; Gregg et al. 1992; Mazzullo
1992; Kupecz et al. 1993; Kupecz and Land 1994). Formation of coarse-crystalline
dolomites may also occur as a replacement of limestone during late diagenesis in
the deep subsurface (Machel and Anderson 1989; Mountjoy and Amthor 1994), and
may be controlled by the coarse-grained texture of deposits being replaced (Sibley
et al. 1993). It is commonly difficult to distinguish products of these processes from
dolomites formed by neomorphism of early dolomite (Zenger and Dunham 1988).
The following trends observed for the succession of replacement fabrics from: (1)
dolomicrite; (2) dolomicrosparite; (3) coarse-crystalline dolomite; to (4) saddle do-
lomite in the peritidal deposits, suggest that this succession may represent the result
of the progressive neomorphism of dolomite during burial: (1) an increase in crystal
size; (2) an increase in the number of non-planar crystal boundaries; (3) an increase
in fabric obliteration; (4) the slight decrease in average d18O values (from 26.7 to
27.7‰); and (5) with the exception of dolomicrosparite, which was not analyzed
for trace-element composition, an increase in the average Fe concentration (from
about 600 to 7000 ppm) and the maximum Mn concentration (from 124 to 488 ppm;
Figs. 7C, 8D). This succession of replacement fabrics, however, is not accompanied
by an apparent increase in stoichiometry (Fig. 8C), suggesting that other processes,
instead of or in addition to neomorphism of early dolomite, may have been respon-
sible for the formation of the coarse-crystalline dolomite from the peritidal deposits.
A xenotopic fabric, the d18O values (29 to 26‰), and an elevated trace element
(up to 8200 ppm Fe and 430 ppm Mn) content of the coarse-crystalline replacement
dolomite (Figs. 6A, 7C, 8D) support its formation by warm, deep subsurface fluids
(Gregg and Sibley 1984; Zenger and Dunham 1988; Gregg et al. 1993). Any re-
maining limestone layers and grain-supported lithofacies may represent zones with
higher porosity and permeability that serve as pathways for the preferential migration
of such dolomitizing fluids during burial (Gao and Land 1991; Montañez and Read
1992; Kupecz et al. 1993; Mountjoy and Amthor 1994). The presence of allochem
ghosts in the mosaic of coarse-crystalline dolomite (Fig. 6A) suggests replacement
of coarse-grained (oolitic, intraclastic, and peloidal) deposits, whereas burial dolo-
mitization of limestone is indicated by the patchy distribution of replacement do-
lomite within the rare limestone of the peritidal lithofacies succession (Table 1;
Glumac and Walker 1997). In addition, the presence of saddle dolomite within a
bituminous matrix in the peritidal deposits (Fig. 6B) suggests its formation related
to hydrocarbon and basinal brine migration at elevated burial temperatures (60–
1508C; Radke and Mathis 1980; Machel 1987). Thus, although it is almost certain
that the fabric-obliterative mosaic of coarse-crystalline dolomite in the peritidal de-
posits formed during burial (Fig. 10), it is inconclusive whether it resulted from
multiple recrystallization of early, fine-crystalline dolomite, and/or from burial re-
placement of limestone or grain-supported deposits.

Dolomite Cement.—The elemental concentrations and stable-isotope composi-
tions of the zoned dolomite cement from the peritidal deposits overlap with those
of the fine-crystalline replacement dolomite (Figs. 7C, D, 8C, D). This suggests that
precipitation of the turbid, dully luminescent cores of these crystals, which fill or
line pores of synsedimentary origin such as fenestrae and desiccation cracks (Table
2B; Fig. 6E, F), may have started during shallow burial simultaneously with early
diagenetic alteration of dolomicrite in a rock-dominated system (Fig. 10). The low
Fe content of the pore-rim zoned dolomite is also consistent with precipitation from
oxygenated pore fluids during shallow burial (Fig. 8E).

There is no conclusive evidence that the precipitation of zoned dolomite cement
was promoted by the introduction of meteoric water during repeated episodes of
subaerial exposure of the peritidal deposits (Fig. 3). The possibility that this cement
might represent mixed marine–meteoric dolomitization is suggested by the presence
of zoned dolomite cements on walls of evaporite-dissolution voids, and by the sim-
ilarity of this cement with documented occurrences of marine–meteoric mixing-zone,
cavity-lining, rhombohedral dolomite crystals (1 to 100 mm), which are in places
zoned and postdated by meteoric calcite (Fig. 6C, D; Kaldi and Gidman 1982; Ward
and Halley 1985; Humphrey and Quinn 1989; Gill et al. 1995). The d18O values of
zoned dolomite (28.5 to 26.9‰) also do not offer a conclusive answer because
they may reflect precipitation from fluids with a meteoric component or from burial
fluids at elevated temperature (Fig. 7D). The lowest d18O values of zoned dolomite
(28.5‰) are more negative than the range of values for the dolomicrite (27.9 to
25.9‰; Fig. 7C, D), and support the continuous precipitation of zoned dolomite
during progressive burial (Fig. 10). Precipitation under reducing conditions during
burial is additionally substantiated by the increased incorporation of Fe in the outer
nonluminescent parts of the zoned dolomite cement (Fig. 8E), and by the maximum
Fe and Mn concentrations (4982 and 408 ppm, respectively) in zoned dolomite in
comparison to dolomicrite (maximum 1315 ppm Fe and 157 ppm Mn).

A source for the continuing precipitation of complexly zoned dolomite cement
into the burial environment may have been provided by dissolution along numerous
stylolites in the peritidal deposits and/or by externally derived basinal brines. Both
of these processes have been used to explain precipitation of dolomite with complex
zones that cannot be traced with certainty between pores (Fisher 1988; Amthor and
Friedman 1992). The support for externally derived fluids (and against dissolution
of Upper Cambrian marine carbonates) as the main source of dolomitizing fluid is
provided by the Sr isotope compositions of the zoned dolomite cement from the
peritidal deposits (87Sr/86Sr 5 0.70865 and 0.70874), which are lower than the
estimated range for Late Cambrian seawater (Fig. 9).

The zoned dolomite cement in larger desiccation and evaporite-dissolution voids
is postdated by late diagenetic, nonluminescent to dark dull luminescent, coarse-
crystalline saddle dolomite cement (Fig. 6G, H), which is also present as pore-rim
cement in tectonic fractures and dissolution voids (Table 1B). The later burial origin
for saddle dolomite cement is also supported by its elevated Fe and Mn concentra-
tions (maximum 10670 and 618 ppm, respectively), and the more negative d18O
values (29.8 to 26.9‰) relative to the zoned dolomite cement (Figs. 7D, 8D–F).
A combination of this petrographic and geochemical evidence, therefore, indicates
mostly shallow to intermediate burial environments for the precipitation of zoned
dolomite, and precipitation of the saddle dolomite cement during later, deep burial
diagenesis (Fig. 10). The pore-central, nonluminescent to dark dully luminescent
part of the zoned dolomite cement (Fig. 6F; Table 1B) may have precipitated si-
multaneously with saddle dolomite cement in larger pores (Fig. 10). This interpre-
tation is supported by the overlap of d18O values of these two cement types (Fig.
7D), and their similar Sr isotope compositions (Fig. 9). The relatively low 87Sr/86Sr
ratios of the saddle dolomite cement (0.70866 and 0.70896) are interpreted similarly
to those of the zoned dolomite to indicate precipitation from an externally derived
fluid with a source different from: (1) Late Cambrian seawater; (2) dissolution of
Upper Cambrian carbonates; and (3) highly radiogenic basinal brines (Fig. 9). The
association of saddle dolomite cement with sphalerite in fractures and dissolutional
pores (Table 1B), suggests that these fluids most likely were MVT mineralizing
brines. The saddle dolomite d18O values (29.8 to 26.9‰; Fig. 7D) suggest a
temperature of precipitation between 808 and 1758C (assuming d18O values of burial
brines of 0 to 8‰ SMOW; Fig. 10). The d18O values of saddle dolomite are up to
2‰ lower than the dolomicritic matrix from the same stratigraphic interval, whereas
its d13C values are identical to or less than 1‰ lower than associated dolomicrite
(Glumac and Walker 1998). These observations are also consistent with formation
of saddle dolomite during burial at elevated temperatures with d13C values being
buffered to the host-rock composition.

DIAGENETIC HISTORY IN THE CONTEXT OF GRAND-CYCLE CESSATION

The changes in sedimentation patterns at the end of grand-cycle deposition in the
southern Appalachians were controlled by the mechanisms related to the evolution
of the early Paleozoic passive margin (Glumac and Walker 2000). These mecha-
nisms include the stabilization of the margin in response to the cessation of episodic,
nonthermal, tectonic subsidence, and the decrease in the thermal passive-margin
subsidence rate. In conjunction with a long-term eustatic sea-level fall (Bond et al.
1989), these mechanisms favored the establishment of shallow-water carbonate de-
position. As a consequence, during the Late Cambrian the carbonate platform pro-
graded westward (cratonward) over the completely infilled Conasauga shale basin
(Fig. 2). This resulted in the replacement of the subtidal shale and limestone of the
Conasauga Group–lower Maynardville with peritidal carbonates of the upper May-
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FIG. 11.—Schematic illustration of the compaction-driven fluid flow (dotted ar-
rows) from the Sevier shale basin into the adjacent carbonate platform successions
in eastern Tennessee (note vertical exaggeration). Stratigraphy from Walker (1980).

nardville–Knox Group (Figs. 1, 3). This study documents significant differences in
the diagenesis of these deposits.

The early diagenesis of the subtidal deposits of the Maynardville Formation is
similar to that of the Maryville Limestone (Middle Cambrian) of the Conasauga
Group (Fig. 1; Srinivasan et al. 1994). Diagenesis of the subtidal Maynardville
commenced in the presence of normal-salinity seawater (Fig. 10). Pore water of
marine origin could have been modified by the introduction of meteoric water during
a relative sea-level fall that converted subtidal depositional settings into extensive,
periodically exposed tidal flats (Figs. 1, 3; Glumac and Walker 2000). On the other
hand, the peritidal carbonate deposits of the upper Maynardville and the overlying
Copper Ridge Dolomite experienced early diagenesis similar to that of the Upper
Knox Group deposits (Montañez and Read 1992). The transition into peritidal de-
position resulted in the pervasive, penecontemporaneous dolomitization of the tidal
flat sediments. Differences in the depositional regime and early diagenesis also in-
fluenced the late diagenesis of the carbonate deposits of the terminal grand cycle.
Argillaceous layers and hardgrounds with ferruginous crusts served as a local source
of Fe for the formation of ferroan dolomite during burial of the subtidal deposits
(Fig. 6C). The vertical decrease in the abundance of siliciclastic components in the
Maynardville (Fig. 3) is coupled with a lower concentration of Fe in late diagenetic
dolomite from the peritidal deposits (Fig. 8D), and with a lower abundance of fer-
roan carbonate phases in these deposits relative to the subtidal strata (Tables 1, 2).

The presence of MVT minerals confirms that burial diagenesis of these Upper
Cambrian strata was influenced by the migration of externally derived warm basinal
fluids (Fig. 10). The most probable source for the MVT brines in eastern Tennessee
is the Middle Ordovician Sevier shale basin (Kesler et al. 1988; Kesler et al. 1989;
Haynes and Kesler 1989). The Sevier Shale is made up of K-feldspar-poor volcanic
detritus derived from a volcanic-arc source to the east and deposited in a subsiding
foreland basin that developed in response to conversion of the region into a con-
vergent continental margin (Fig. 11; Shanmugam and Walker 1980; Srinivasan et
al. 1995). The establishment of this compressional tectonic regime, which lasted for
the rest of the Paleozoic, was responsible for extensive deformation and fracturing
of the lower Paleozoic strata in the area (Fig. 10).

The low Sr isotope ratios documented for the dolomite cement in the peritidal
deposits (, 0.7087; Fig. 9) may reflect precipitation from Middle Ordovician marine
pore waters with an original 87Sr/86Sr ratio between 0.7080 and 0.7087 (Burke et
al. 1982; Keto and Jacobsen 1987), which were expelled from the Sevier Shale prior
to substantial interaction with siliciclastic deposits (Fig. 11). Mechanical dewatering
and the release of marine pore water from shale occur within the first 1 to 2 km of
burial (Garven and Freeze 1984; Jones and Addis 1985). In eastern Tennessee, the
Sevier Shale reaches a thickness of more than 2000 m, and its dewatering started
as early as the Middle Ordovician (Fig. 11). This is in agreement with a proposed
Middle Ordovician onset of MVT fluid migration in the southern Appalachians, and
with these early brines representing connate waters expelled from the Sevier Shale
(Kesler et al. 1989; Kesler and van der Pluijm 1990). The expelled pore water moved
laterally into the Lower Ordovician Upper Knox carbonate strata (Fig. 11). The most
extensive MVT mineralization is associated with the highly porous Upper Knox
deposits, which were karstified and brecciated along the regional Knox unconformity
(Fig. 11; Haynes and Kesler 1989; Montañez 1994). Montañez (1994) suggested

that the dolomitizing fluids migrating through the Upper Knox deposits at inter-
mediate depths (1.5–2.5 km) originated from burial-compaction dewatering of the
Sevier Shale, whereas the late diagenetic (the Pennsylvanian–Early Permian) MVT
fluids were meteoric waters that underwent interaction with the Sevier Shale during
deep subsurface (2 to . 5 km) migration in response to Alleghenian tectonism and
topography-driven recharge (Montañez 1994).

Such fluid migration through the Knox strata could have also influenced the un-
derlying Maynardville deposits (Figs. 10, 11), as suggested by the increasing abun-
dance of late diagenetic dolomite upsection. The late diagenetic dolomitization of
the Upper Knox deposits was preceded by widespread dissolution (Montañez and
Read 1992; Montañez 1994). The 87Sr/86Sr ratios of the dolomite cement from the
Upper Cambrian peritidal deposits, which are within the proposed range for Early
Ordovician seawater (0.7087 to 0.709; Fig. 9), may therefore indicate precipitation
from burial fluids that interacted with the Lower Ordovician Knox carbonate rocks
(Fig. 10). The Sr isotope composition of the Upper Knox (Lower Ordovician) burial
dolomite cement examined by Montañez (1994) overlaps with or is more radiogenic
than the dolomite cement in the Upper Cambrian peritidal deposits from this study
(Fig. 9). This relationship may reflect evolution of basinal fluids resulting from the
interaction with the Upper Knox carbonates as the fluids migrated into the May-
nardville Formation (Fig. 11). The more radiogenic composition of the Knox burial
dolomite (Fig. 9) also suggests that the substantial amount of porosity and perme-
ability in the extensively karstified Upper Knox deposits allowed the migration of
fluids that interacted with siliciclastics at higher temperatures during burial diagen-
esis, postdating the pore occlusion in the Maynardville Formation. This is addition-
ally supported by the d18O values of the Knox burial dolomite (about 211 to 26‰;
Montañez 1994), which reaches more negative values than the burial dolomite ce-
ment from the Maynardville deposits (Figs. 7D, 9).

The highly radiogenic Sr isotope composition of the late diagenetic dolomite from
the Middle Cambrian Maryville Limestone of the Conasauga Group (87Sr/86Sr 5
0.7118 to 0.7139; Figs. 1, 9), on the other hand, is interpreted to reflect the com-
position of fluids derived from the Cambrian Conasauga intrashelf shale basin lo-
cated to the west of the carbonate platform (Fig. 2; Srinivasan et al. 1994; Srinivasan
et al. 1995). K-feldspar- and mica-rich sediments in the Conasauga basin were de-
rived from the weathering of cratonic crystalline basement rocks. Such sediments
produce highly radiogenic formation waters (Stueber et al. 1987; McNutt et al. 1990;
Banner 1995). The pronounced difference in the Sr isotope compositions between
the burial dolomite in the Maryville and the Maynardville Formations (Fig. 9) sug-
gests that the Maynardville deposits have not been significantly influenced by the
migration of burial fluids from the Conasauga basin shale. Likewise, the burial fluids
that migrated through the Upper Cambrian–Lower Ordovician carbonate succession
did not significantly influence the Middle Cambrian carbonate deposits of the Con-
asauga Group (Fig. 11). The Nolichucky Shale (Upper Cambrian), which separates
these two sedimentary successions, may have served as a barrier to cross-formational
fluid migration (Figs. 1, 11). This illustrates yet another example of how a prominent
change in the regional facies distribution, associated with the end of grand-cycle
deposition, influenced burial diagenesis of Cambrian carbonate rocks in the southern
Appalachians.

CONCLUSIONS

The Maynardville Formation, as a terminal-grand-cycle carbonate succession in
the southern Appalachians, marks a prominent change in the deposition and diagen-
esis between the mainly subtidal Conasauga Group (Middle to Upper Cambrian)
and the overlying Knox Group (Upper Cambrian to Lower Ordovician) peritidal
carbonate deposits. The early diagenesis of the Maynardville was influenced by the
change from a subtidal into a peritidal depositional regime. The subtidal deposits
contain a variety of calcite cements of marine, possible meteoric, and burial origin.
Most of the dolomite in the subtidal deposits is ferroan and fine-crystalline, and it
formed during burial from fluids provided locally by compaction of argillaceous
layers, pressure dissolution, and diagenesis of clay minerals.

The fine-crystalline dolomite in the peritidal deposits, on the other hand, is an
early diagenetic replacement of tidal-flat carbonate sediment, and it was subsequent-
ly diagenetically modified. The coarse-crystalline replacement dolomite formed dur-
ing burial by the recrystallization of early dolomite and/or dolomitization by warm
basinal brines. The zoned dolomite cement in the peritidal deposits precipitated
during shallow to intermediate burial, whereas the saddle dolomite cement formed
during late burial from basinal brines related to MVT mineralization.

These basinal brines represent pore water expelled from the Middle Ordovician
Sevier Shale, and fluids that interacted with Ordovician carbonate rocks. This is in
marked contrast to the migration of basinal brines from the Conasauga Shale into
the adjacent Middle Cambrian carbonate-platform strata. The differences in burial
diagenesis of the Maynardville–Knox Group and the rest of the underlying Cona-
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sauga Group carbonate deposits were influenced by changes in the regional facies
distribution associated with the cessation of Cambrian grand-cycle deposition.
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