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A LATE CAMBRIAN POSITIVE CARBON-ISOTOPE EXCURSION IN THE SOUTHERN APPALACHIANS:
RELATION TO BIOSTRATIGRAPHY, SEQUENCE STRATIGRAPHY,
ENVIRONMENTS OF DEPOSITION, AND DIAGENESIS

BOSILJKA GLUMAC?! ano KENNETH R. WALKER?
1 Department of Geology, Smith College, Northampton, Massachusetts 01063, U.SA.
2Department of Geological Sciences, The University of Tennessee, Knoxville, Tennessee 37996-1410, U.SA.

AssTRACT: A positive carbon-isotope excursion is recorded within the
Upper Cambrian sedimentary succession in the southern Appalachians
that consists of the Nolichucky Shale, the Maynardville Formation, and
the Copper Ridge Dolomite. The lower part of the succession contains
Aphelaspis zone fauna (Early Steptoean). The extensively dolomitized
and poorly fossiliferous nature of the upper part of the succession pre-
cludes any detailed biostratigraphic determinations. Correlation with
similar positive carbon-isotope excursions in coeval successions else-
where suggests that this excursion represents a perturbation in the
global cycling of carbon.

Comparison of excursions at different localities in North America
provides a means for the application of carbon-isotope stratigraphy.
In the southern Appalachians the excursion started during deposition
of the upper Nolichucky Shale. Maximum &*3C values (4 to 5%. PDB)
are associated with the conformable interval at the Maynar dville/Cop-
per Ridge Dolomite transition, which has been interpreted as a cor-
relative conformity in sequence-stratigraphic terms. The excursion
ended during deposition of the lower Copper Ridge Dolomite. In west-
ern North America the excursion started at the base of the Pteroce-
phaliid Biomere (near the base of the Aphelaspis Zone). This well-doc-
umented excursion ended prior to the end of the Pterocephaliid Bio-
mere, with the maximum excursion at the Sauk I1/Sauk I11 unconfor-
mity. This supports the correlation between Late Steptoean
(Dresbachian/Franconian) sea-level fall and the sequence boundary at
the end of Cambrian Grand Cycle deposition in the southern Appa-
lachians.

The cause of this carbon-isotope excursion remains unclear. The ex-
cursion most likely reflects the enhanced burial of organic carbon pro-
moted by ocean stratification, a warm nonglacial climate, and a sea-
level maximum during the early Late Cambrian. The onset of regres-
sion may have contributed to the maximum carbon-isotope excursion
by enhancing sedimentation rates, and by increasing organic produc-
tivity because of increased nutrient availability. Theremoval of carbon
from the ocean surface may have caused a decrease in pco, of the
atmosphere. The resulting cooling episode could have triggered an oce-
anic overturn bringing *2C-enriched bottom waters to the surface,
which in conjunction with oxidation of organic matter during the sea-
level fall, ended the carbon-isotope excursion.

Comparison of 6°C and 680 values of matrix samples to the as-
sociated cement phases provides insights into the relationship between
isotope variations and depositional and diagenetic environments. 6'3C
values of peritidal dolomicrite define a rather smooth stratigraphic
variation curve, whereasthe valuesfor subtidal micrite have significant
scatter resulting from involvement of organic matter in diagenesis. Fi-
brousto bladed calcite cement from the subtidal deposits has 6*3C and
6'%0 values comparable to the associated micrite, suggesting precipi-
tation from marine water and similar diagenetic modifications. Mete-
oric diagenesis may be responsible for the depletion of 3C and 20 in
equant calcite cement relative to the micrite. For saddle dolomite ce-
ment, the depletion of 80 and &'°C values similar to those for the
peritidal dolomicrite, are consistent with formation during burial at
elevated temperaturesin a rock-dominated system.

This study demonstrates the potential of applying carbon-isotope
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stratigraphy, developed in highly fossiliferous successions, to strati-
graphic intervalswith poorly constrained biostratigraphy. Such studies
require evaluation of the effects of depositional environments and dia-
genesis upon the preservation of marine isotope signatures.

INTRODUCTION

Carbon-isotope stratigraphy is a promising tool for high-resolution stra-
tigraphy and correlation of successions that lack prominent biostratigraphic
markers. This type of correlation has been applied to several Proterozoic
and Neoproterozoic successions (Kaufman et a. 1992; Narbonne et a.
1994; Kaufman and Knoll 1995; Knoll et a. 1995a; Pelechaty et al. 1996;
among others). In Mesozoic and Cenozoic successions, carbon-isotope stra-
tigraphy has been used for basin-to-platform and regiona correlation of
strata beyond the current level of biostratigraphic resolution (e.g., Follmi
et al. 1994; Vahrenkamp 1996).

Because of relatively small effects of temperature and equilibrium car-
bon-isotope fractionation, variations in 6*3C vaues of carbonate minerals
most commonly reflect changes in the 13C/*2C ratio of the solution from
which they precipitated (Anderson and Arthur 1983; Romanek et al. 1992).
Accordingly, temporal fluctuations in 63C of marine carbonate constitu-
ents can represent secular variations of 6*C in ocean water. Positive or
negative excursions are of special interest in carbon-isotope studies. These
excursions commonly occur at major boundaries throughout the stratigraph-
ic record, and are indicators of tectonic, climatic, oceanographic, and evo-
lutionary changes that influence carbon cycling (Magaritz 1991).

Upper Cambrian successions record a large, global, positive carbon-iso-
tope excursion (Brasier 1993; Saltzman et a. 1998). Such excursions are
normally interpreted as the result of one or a combination of the following
factors: (1) an increase in organic productivity, and an associated increase
in the fraction of carbon buried as organic matter during explosive evolu-
tionary events; (2) increased sedimentation rates within oceans and asso-
ciated increases in accumulation rates of organic matter; and (3) enhanced
preservation of organic materia caused by an expanded oxygen-minimum
zone or marine anoxia (Weissert 1989; Derry et a. 1992; Brasier et a.
1994; Calvert et a. 1996; among others). Positive carbon-isotope shiftsin
any particular section or basin may also result from regiona variations
related to basin evolution (Beauchamp et a. 1987) or diagenetic ateration.
Therefore, in order to fully constrain the anatomy of secular oceanic car-
bon-isotope fluctuations, it is necessary to evaluate the possible effects of
local-to-regional depositional environments and diagenesis upon isotope
signatures.

This paper presents results of a detailed study of carbon-isotope varia-
tions within an Upper Cambrian sedimentary succession of the southern
Appalachians that includes the upper Nolichucky Shale and Maynardville
Formation of the Conasauga Group and the lower part of the overlying
Copper Ridge Dolomite of the Knox Group. This succession lacks prom-
inent biomarkers, especialy in the upper, extensively dolomitized part.
Consequently, the biostratigraphy of this stratigraphic interval is poorly
constrained. On the other hand, a detailed sequence-stratigraphic frame-
work, with an emphasis on the Maynardville Formation, has been previ-
ously developed (Glumac 1997). In order to provide a more detailed chron-
ostratigraphic framework for the deposition of this interval, carbon-isotope



A LATE CAMBRIAN POSITIVE CARBON-ISOTOPE EXCURSON

1213

Platform
progradation
-

100 km
“ Palinspastic reconstruction of eastern Tennessee

stratigraphy was applied. The Maynardville Formation revealed a distinc-
tive carbon-isotope pattern: 5'3C values of various diagenetic and deposi-
tiona carbonate components are highly variable, but in genera they are
more positive or more enriched in *3C than the underlying and the over-
lying strata (Glumac 1997). The anatomy of this positive carbon-isotope
excursion was determined through extensive sampling at one of the most
complete and best exposed outcrops of the lower Paleozoic sedimentary
succession in the southern Appalachians (Fig. 1). These data were then
compared with information available on time-equivalent, highly fossilif-
erous successions elsewhere. The effects of depositional environments on
the carbon-isotope signature were evaluated by determining isotope com-
positions for samples from various lithofacies and by relating them to pa-
leoenvironmental interpretations. The 680 values of individual deposi-
tional and diagenetic carbonate components were used to constrain the
diagenetic environments and the extent of diagenetic modifications.

GEOLOGIC SETTING AND DEPOSITIONAL ENVIRONMENTS

The Conasauga Group (Middle to Upper Cambrian) aternating shale and
carbonate units, or Grand Cycles, were deposited along the western margin
of a carbonate platform separated from the craton by an intrashelf shale
basin (Fig. 1). Early Late Cambrian progradation of the carbonate platform
across the infilled intrashelf basin towards the craton marked the end of
predominantly subtidal Grand Cycle deposition and establishment of peri-
tidal carbonate deposition of the Knox Group (Upper Cambrian to Lower
Ordovician; Fig. 1).

Paleoenvironmental interpretations are based on a detailed sedimento-
logic study by Glumac (1997) that focused on the Maynardville Formation
(Fig. 1). The sedimentary succession records shallowing from subtidal
mixed shale/carbonate deposition to peritidal carbonate deposition (Fig. 2).
Subtidal deposition took place in a deep-ramp (upper Nolichucky) to shal-
low-ramp and lagoonal settings protected by localized ooid shoals and mi-
crobia (thrombolitic) patch reefs (lower Maynardville; Fig. 2). These sub-
tidal environments were laterally linked to a broad, semiarid carbonate tidal
flat, characterized by a variety of peritidal environments (upper Maynard-
ville/Copper Ridge; Fig. 2). Subtidal carbonate deposits are dominated by
ribbon rocks containing centimeter-scale limestone layers aternating with
shale, or calcareous siltstone and argillaceous dolostone. The limestone
layers consist of horizontally laminated and burrowed mudstone, peloidal
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Fic. 1.—Schematic paleogeographic
reconstruction of Tennessee during the early
Late Cambrian. A carbonate platform (shaded
area) faced the lapetus ocean to the east
(present-day orientation), and was separated from
the exposed craton to the west by the Conasauga
intrashelf shale basin (palinspastic reconstruction
after Roeder and Witherspoon 1978). The area
aong the western carbonate platform margin is
enlarged at upper right. Shown are the present-
day (solid circles) and palinspastically
reconstructed (open circles) locations of outcrops
of Upper Cambrian deposits used for
paleoenvironmenta study (see Glumac 1997).
Carbon-isotope stratigraphy was studied at the
Thorn Hill (TH) outcrop (arrows).

wackestone/packstone, pel oidalfossiliferous packstone/grainstone, and less
common intraclastic packstone (flat-pebble conglomerate). A gradual tran-
sition from ribbon rocks into microbialy laminated deposits (stratiform
stromatolites) marks the establishment of peritidal deposition (Fig. 2). The
peritidal deposits contain a variety of extensively dolomitized lithofacies,
among which centimeter-scale, normally graded couplets or mechanica
laminites predominate (Fig. 2). Bases of coarse-grained couplets contain
peloids, intraclasts, ooids, and quartz grains. Medium-grained couplets are
composed of peloidal packstone grading upward into mudstone. Fine-
grained couplets consist mainly of dolomitized mudstone. Couplets are in-
terbedded with a variety of microbia deposits (Fig. 2).

The transition between the Maynardville and the Copper Ridge Dolomite
is within a conformable interval that contains common sand-size siliciclas-
tic detritus (quartz and K-feldspar; Fig. 2). Thisinterval isinterpreted asa
correlative conformity linked to the Dresbachian/Franconian or Sauk 11/
Sauk 111 unconformity on the craton (Glumac 1997). An unconformity is
absent in the southern Appalachians because the rate of passive-margin
thermal subsidence exceeded the rate of sea-level fal (Bond et al. 1989;
Osleger and Read 1993).

SAMPLING STRATEGY AND INVESTIGATIVE METHODS

Ideal samples for determining paleoceanic isotope compositions are un-
altered abiotic marine cements precipitated as low-Mg calcite under oxic
conditions and in isotopic equilibrium with their depositional environment
(Lohmann and Walker 1989; Carpenter et al. 1991; Marshall 1992). Marine
cements are not abundant in the Upper Cambrian succession examined, so
this study relied on the use of fine-grained carbonate matrix composed of
calcite or dolomite (Table 1). The potential of using shallow-water micrite
and dolomicrite for the reconstruction of seawater carbon-isotope evolution
has been documented by numerous authors (Fairchild et al. 1990; Magaritz
et a. 1991; Marshall 1992; Schidlowski and Aharon 1992; Brasier et al.
1994; Kaufman et a. 1993; Narbonne et a. 1994; Kaufman and Knoll
1995; Knoll et a. 1995h).

Samples from the Nolichucky Shale and the subtidal package of the
Maynardville were primarily collected from the micritic layers of the ribbon
rocks (Table 1). Some of the samples came from micritic intraclasts com-
prising flat-pebble conglomerate, micritic lenses encased within packstone/
grainstone layers, and intergranular areas of micrite-supported lithologies.
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EXPLANATION OF SYMBOLS

Ribbon rock with siltstone and argillaceous dolostone

Ribbon rock with shale

Fossiliferous-peloidal packstone/grainstone

Dolomitized mudstone/fine-grained couplets
Medium-grained couplets

Coarse-grained couplets

Calcareous siltstone

Thrombolite

Digitate stromatolite

Columnar stromatolite

Domal stromatolite

Microbial laminite (stratiform stromatolite)
Covered interval

Intraclasts (flat pebbles)

Bioturbation (burrows)

Desiccation cracks (mudcracks)

Exposure surface

Quartz sand grains

Correlative conformity interval

Fie. 2—Stratigraphic column measured at the Thorn Hill outcrop (left), showing the Upper Cambrian sedimentary succession for which the variations in carbon-isotope
ratios were determined. Note the position of the correlative conformity interval (CCl; shaded area) at the Maynardville/Copper Ridge transition (see text for additional
explanation). Interpretation of environments of deposition is based on the study of five outcrops of this stratigraphic interval in northeastern Tennessee (see Figure 1).

The transition between the subtidal and peritidal packages is represented
by micrite samples from microbial laminites or stratiform stromatolites (Ta-
ble 1). These samples reflect a shift from calcite below to a predominance
of dolomite in the peritidal deposits. Samples from the peritidal package
of the Maynardville and the Copper Ridge Dolomite consist mainly of
dolomicrite from mudstone, couplets, and microbial deposits (Table 1).
Severa samples were of dolomicrosparite, and rare more coarsely crystal-
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line replacement dolomite. Samples of individual cement phases include
fibrous to bladed calcite, equant calcite, and saddle dolomite (Table 2).
Samples for isotopic andysis were collected by drilling 2-10 mg of
individual homogeneous carbonate depositional and diagenetic components
from polished and stained thin-section billets using a microscope-mounted
microdrill assembly after careful petrographic examination. The mineral
composition of the collected material was checked using standard X-ray
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diffraction methods. Organic matter was removed by roasting the powdered
samples at 380°C for one hour. Samples were reacted off-line with 100%
H,PO, at 25°C for 24 hours (calcite) or 48 hours (dolomite). For mixed
calcite/dolomite samples, a time extraction procedure was used (Epstein et
al. 1963; Walters et al. 1972; Wada and Suzuki 1983). | sotope values were
obtained on a VG-903 isotope ratio mass spectrometer and are reported as
613C and 60 in permil (%) relative to the PDB standard. External pre-
cision was *0.05%o for both 6*°C and 6*80; sample reproducibility (+10)
was 0.2%o.

RESULTS OF STABLE-ISOTOPE ANALYSIS

Determined stratigraphic variations in carbon and oxygen isotope com-
positions are shown in Figure 3. The §'3C values of subtidal micrite fluc-
tuate greatly but in general show an increase from the upper Nolichucky
into the subtidal deposits of the Maynardville. Dolomicrite samples from
the peritidal package of the Maynardville and the Copper Ridge Dolomite
form a smoother carbon-isotope variation curve. Some of the most positive
63C values correspond to the correlative conformity interval at the May-
nardville/Copper Ridge transition (Fig. 3). The 6*C values decline in the
lower part of the Copper Ridge Dolomite. There is a poor correlation be-
tween the 63C and 680 values of matrix samples (Figs. 3, 4). In generd,
micrite samples are more depleted in 180 (6'*0 =—9.3 to—7.2%0 PDB)
than dolomicrite (680 =—8.1 t0—5.9%0 PDB).

In Figure 3 the data points representing the individual diagenetic phases
are superimposed on the 6*3C and 680 stratigraphic variation trends. Data
points for the fibrous to bladed calcite cement from the subtidal deposi-
tional package of the Maynardville plot within the '3C and 60 variation
curve defined by micrite samples. Rare fibrous to bladed calcite from the
Copper Ridge Dolomite has the most negative 680 value (—10%. PDB),
and is significantly depleted in 180 relative to the associated dolomicrite.
Equant calcite cement is depleted in both *3C and 80O in comparison to
the micrite samples. The 6'C values of saddle dolomite show a rather
good correlation with the dolomicrite *3C variation curve, with some val-
ues being only slightly depleted in *3C. On the other hand, saddle dolomite
samples are generally depleted in 180 in comparison to associated dolo-
micrite (Fig. 3).

EFFECTS OF DEPOSITIONAL ENVIRONMENTS AND DIAGENESIS ON
CARBON-ISOTOPE SIGNATURES

Environmental Influence

The relatively short residence time of carbon in the oceans contributes
to their isotopic heterogeneity (Holser et a. 1986). The carbon-isotope
composition of modern oceans ranges between about—0.5 and +2.0%o
PDB (Kroopnick 1985). Therefore, carbon-isotope excursions of 1 to 2%o
are difficult to apply to the interbasinal correlation of strata in the absence
of sufficient biostratigraphic control (Kaufman and Knoll 1995). The mag-
nitude of the excursion documented in this study (4 to 5%o) is larger than
the expected natural variation in oceanic carbon-isotope composition, and
is consistent with a large perturbation in carbon cycling (Fig. 3).

Carbon-isotope stratigraphy is not applicable if isotope compositions cor-
relate strongly with facies (Kaufman and Knoll 1995). There is no system-
atic variation between lithofacies and carbon-isotope values for the samples
analyzed (Fig. 5). Data for the peritidal fine-grained couplets and dolomi-
tized mudstone suggest that depositional environments alone cannot ac-
count for such alarge (> 5.5%o) range of 6*3C values (Fig. 5). Mean 6'3C
values for al peritidal lithofacies (microbial deposits and couplets) are
similar (< 1%o difference between four mean values; Fig. 5). These mean
values are dightly higher than the mean value for the subtidal deposits
(Fig. 5). This difference can be related to the large number of subtidal
micrite samples from the Nolichucky Shale representing the period prior
to the start of the excursion (Fig. 3). Possible depth-related variations in
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63C, however, could have produced a similar trend. The 6*3C composition
of surface waters in modern oceans is highly variable, but is in genera
enriched in 13C relative to deep ocean waters (by about 2%.), because of
biological and air—sea exchange processes (Kroopnick 1985; Charles et a.
1993). Such depth-related variations most likely did not affect the Upper
Cambrian deposits examined because they represent shallow-water depo-
sition (Fig. 2). The deep-ramp carbonate deposits of the Nolichucky Shale
are mostly alochthonous deposits remobilized from shallower parts of the
platform (Fig. 2).

Modern marine hypersaline brines have wide variationsin carbon-isotope
compositions caused by evaporation, precipitation of CaCO,, organic-mat-
ter decomposition, atmospheric CO, invasion, and biogenic effects of mi-
crobial mat communities (Stiller et a. 1985; DesMarais et a. 1989; Lazar
and Erez 1992). Recognition of these effects is important for interpreting
the isotope compositions of ancient carbonate deposits associated with
evaporites and microbial deposits. Stiller et al. (1985) indicated that car-
bonate formed in association with evaporating brines should be enriched
in 13C as a result of non-equilibrium gas-transfer isotope fractionation
caused by loss of CO, from the brines. Such processes could have con-
tributed to the 13C enrichment of the peritidal deposits of the Maynardville
and the Copper Ridge Dolomite relative to the subtidal deposits (Fig. 3).
The least negative 6*3C values correspond to dolomicrite samples from the
correlative conformity interval, and are associated with a sea-level fall that
could have caused enhanced evaporation (Fig. 3). Evaporite pseudomorphs
are common in this part of the stratigraphic succession, but they are also
present within the peritidal deposits with significantly lower 6*3C values.
If extensive evaporation had been the primary cause for the 13C enrichment,
then an associated enrichment in 180 would be expected. The maximum
613C values, however, are not paired with an increase in 60 values, and
the decrease in 6*3C values in the Copper Ridge Dolomite is not accom-
panied by a decrease in §'80 values (Fig. 3). Thisindicates that evaporitic
conditions did not cause increased 6'3C values.

One might argue that vital effects could have possibly influenced the
carbon-isotope composition of the Upper Cambrian microbial deposits.
Photosynthetic fractionation of carbon by cyanobacteria is dependent on
CO, availahility, growth rate, cell size, and population density (Goericke
et a. 1994). 63C values of dolomicrite from the microbial deposits are
comparable to that of non-microbial micrite from the peritidal package,
indicating the absence of significant vital influence (Table 1; Figs. 3, 5).
This might have been predicted if one assumed that these stromatolites
formed by trapping micritic particles that were derived from the same sed-
iment source as the non-microbial micrite. The predicted and observed
relationships are consistent with the lack of measurable vital effects in
Proterozoic and Lower Cambrian microbia deposits, as determined from
comparison with marine cements (Fairchild et a. 1990; Surge et . 1997).

In summary, it is unlikely that variations in environmental conditions
alone could have caused the positive carbon-isotope excursion, because of
a generd lack of correlation between lithofacies and the observed §'3C
trend. Minor variations in 6*3C, superimposed on the genera trend, may
in part be related to varying environmental factors.

Diagenetic Influence

The diagenetic processes capable of causing changes in the carbon-iso-
tope composition of marine carbonate components include neomorphism
and recrystallization, reequilibration with fluids of differing isotope com-
position, and precipitation of isotopically different diagenetic carbonate
phases (Veizer 1983; Fairchild et al. 1990; Kaufman et a. 1991; Marshall
1992; among others). The carbon-isotope value of marine organic matter
is about 25%. more negative than inorganic bicarbonate (Marshall 1992).
Thus, degradation of organic matter has the potentia to significantly alter
the carbon-isotope composition of marine carbonate sediment. Reactions
of organic-matter degradation include microbially mediated reduction of
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TasLE 1.—Sable-isotope data for matrix samples.

Stratigraphic 880 8°C
Position (m) Description (%PDB) (%PDB)

NOLICHUCKY SHALE

115 micrite between skeletal fragments of a thin limestone layer interbedded with shale —852 0.16

3.05 micrite between skeletal fragments and from lenses/patches of a thin packstone/grainstone layer —9.06 112

7.05 micrite from patches and between skeletal fragments of a wackestone/grainstone layer —8.96 0.27

7.85 micrite from a nodular layer interbedded with shale —847 0.89
11.85 micrite from lenses and in between skeletal fragments of a packstone/grainstone layer —8.03 0.33
13.75 micrite from a mudstone layer interbedded with argillaceous layers of ribbon rocks —9.34 0.53
15.0 micrite from a mudstone layer interbedded with argillaceous layers of ribbon rocks -810 0.97
16.7 micrite from mudstone layers/lenses interbedded with intraclastic and skeletal layers of ribbon rocks —8.04 137
172 micrite from one small flat pebble incorporated within a skeletal packstone/grainstone layer —8.06 113
18.25 micrite from a mudstone layer with nodular appearance imbedded within ribbon rocks —7.95 118
MAYNARDVILLE FORMATION (MICRITE)
196 micrite from intraclasts and patches in a fossiliferous-intraclastic packstone layer of ribbon rocks —8.98 198
20.0 micrite from a mudstone layer of ribbon rocks —884 254
211 micrite from burrow-mottled ribbon rocks —7.90 301
22.15 micrite from a laminated mudstone layer of ribbon rocks —748 182
23.35 micrite from a mudstone layer of ribbon rocks —743 166
242 micritic matrix in between trilobite fragments from a limestone layer of ribbon rocks —8.03 129
252 micrite from intraclasts (flat pebbles) in argillaceous dolomicritic layers of ribbon rocks —7.87 0.49
254 micrite from a lense interbedded within argillaceous dolomicrite of ribbon rocks -7.79 119
264 micrite from a mudstone to peloidal mudstone layer of ribbon rocks —751 153
280 micrite in between trilobite fragments in fossiliferous wackestone/packstone of ribbon rocks —743 113
29.0 time-extracted calcite component from argillaceous dolomicrite/cal careous siltstone —-823 235
30.05 micrite from a mudstone layer interbedded within argillaceous dolomicrite of ribbon rocks -71.77 292
313 micrite from a mudstone layer underlying flat pebble conglomerate of ribbon rocks —17.76 17
3175 time-extracted calcite component from argillaceous dolomicrite/cal careous siltstone -8.92 198
319 micrite from a mudstone/peloidal layer of ribbon rocks —814 318
326 micrite from a lense within ribbon rocks —7.48 321
3345 micrite from a lense within ribbon rocks —7.16 354
34.65 micrite from a mudstone layer of ribbon rocks —7.58 4.09
36.75 micrite from a mudstone layer of ribbon rocks —7.80 229
37.85 micrite to peloidal packstone from lenses in ribbon rocks —7.63 3.52
388 micrite from burrowed lenses from transitional interval between ribbon rocks and microbial deposits —7.88 3.80
405 micrite from microbial laminites; contains about 30% dolomicrite; time extraction used —8.63 3.39
422 micrite from microbial laminites; contains about 10% dolomicrite; time extraction used —873 3.68
4345 micrite from microbial laminites; contains common dolomicrite; time extraction used —891 341
MAYNARDVILLE FORMATION (DOLOMICRITE)
45.55 dolomicritic laminae from stratiform stromatolites —6.58 3.90
46.6 dolomicritic laminae from stratiform stromatolites —6.21 401
478 dolomicrite from a layer overlying microbially laminated deposits —6.41 3.25
48.35 dolomicrite from upper parts of coarse-grained couplets —6.76 2.76
49.6 dolomicrite from fine-grained couplets —7.02 272
50.7 dolomicrite from fine-grained couplets —741 246
50.7 dolomicrosparite from fine-grained couplets -7.23 2.66
514 dolomicrosparite from fine/medium-grained couplets —8.07 3.01
52.9 dolomicrite from upper parts of fine/medium-grained couplets —7.07 3.03
53.1 dolomicrite from fine-grained couplets —7.05 3.01
53.1 dolomicrite from mudstone —7.88 3.25
53.35 dolomicrite from mudstone; 5 cm below a prominent exposure surface -7.29 3.28
534 dolomicrite from clasts in topographic lows immediately ahove the exposure surface —7.77 325
534 dolomicrite from clasts in topographic lows immediately above the exposure surface —7.67 3.18
53.42 dolomicrite from a laminain the shaly interval deposited on the exposure surface —7.64 297
53.43 laminated dolomicrite from fine-grained couplets with mudcracks; 5 cm above the exposure surface —1.72 3.08
53.45 dark argillaceous dolomicritic matrix from a shaly interval deposited on the exposure surface —7.77 3.26
54.6 dolomicrite from mudstone —6.82 3.68
55.6 dolomicrite from mudstone/fine-grained couplets —6.12 3.06
56.55 dolomicrite from upper parts of medium-grained couplets with common desiccation cracks —6.96 2.88
57.6 dolomicrite from fine/medium-grained couplets with desiccation cracks —6.39 2.96
CORRELATIVE CONFORMITY INTERVAL
58.7 dolomicrite from mudstone —6.59 314
59.05 dolomicrite from upper parts of fine/medium-grained couplets —5.86 343
60.25 dolomicrite from upper parts of medium-grained couplets -6.35 3.82
61.15 dolomicrite from upper, burrowed parts of medium-grained couplets —5.99 3.80
61.9 dolomicrite from upper parts of medium-grained couplets —6.99 361
63.3 dlightly laminated dolomicrite from mudstone/very fine-grained couplets —6.87 3.76
63.8 dolomicrosparite from burrowed mudstone —6.55 478
64.75 dolomicrosparite from burrowed mudstone/fine-grained couplets —6.38 4.30
65.7 dolomicrosparite from dlightly burrowed mudstone/fine-grained couplets —6.36 394
67.1 dolomicrite from fine-grained coupletsmudstone —6.18 340
67.7 dolomicrosparite from microbial laminites —8.00 3.69
68.9 dolomicrite from microbial laminites —6.78 355
70.0 dolomicrite from burrowed mudstone/fine-grained couplets —6.24 4.08
70.7 dolomicrite from mudstone/fine-grained couplets; abundant quartz sand grains and evaporites —6.33 3.83
7175 laminated dolomicrite from fine-grained couplets —6.68 311
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TasLe 1.—Continued.

Stretigraphic 880 83C

Position (m) Description (%PDB) (%PDB)
COPPER RIDGE DOLOMITE
7275 laminated dolomicrite from microbial *“‘lumps” imbedded within deposits with thrombolitic texture —6.55 294
739 dolomicrite to dolomicrosparite from burrowed fine-grained couplets —6.54 3.02
74.8 dolomicrite to dolomicrosparite from mudstone —6.55 231
75.25 dolomicrite from upper micritic part of coarse-grained couplets —5.99 2.65
76.8 dolomicrite from fine-grained couplets —6.38 220
71.25 dolomicrite from fine-grained couplets —7.44 242
78.15 dolomicrite from burrow-mottled mudstone/fine-grained couplets —6.43 371
79.35 medium-crystalline replacement dolomite; original lithology: bioturbated couplets? —6.40 3.16
804 dolomicrite from stratiform stromatolite laminae —6.37 272
814 dolomicrite from fine to medium-grained couplets —713 277
8245 dolomicrite from microbial laminites or digitate stromatolites —6.42 2.36
835 dolomicrosparite from bioturbated peloidal packstone/wackestone —6.49 2.66
85.3 dolomicrosparite/medium-crystalline replacement dolomite from mudstone above thrombolite —6.09 245
86.9 dolomicrite from fine-grained couplets overlying domal stromatolites —6.36 142
87.25 dolomicrite from fine-grained couplets —6.64 142
88.35 dolomicrosparite from mottled (burrowed) mudstone —6.52 178
89.3 dolomicrite from undisturbed parts of mottled medium-grained couplets —6.18 164
90.2 dolomicrite from upper part of medium-grained couplets —6.38 0.83
91.45 dolomicrite from relatively undisturbed parts of mottled fine/medium-grained couplets —7.08 0.79
92.55 dolomicrite from relatively undisturbed parts of mottled mudstone —6.86 -0.07
93.25 dolomicrite from mudstone —731 -0.85
94.15 dolomicrite from mudstone —6.70 0.09

iron, manganese, sulfate, and nitrate under suboxic conditions, and meth-
anogenesis under anoxic conditions with subsequent abiogenic thermal de-
carboxylation processes at increased temperature during burial (Claypool
and Kaplan 1974; Irwin et . 1977; Coleman and Raiswell 1981; Winter
and Knauth 1992). Most of these reactions release organogenic carbon,
which decreases the 6'3C value of dissolved bicarbonate and any precipi-
tated carbonate phases. The exception is *3C-enriched CO, that forms dur-
ing degradation of organic matter by methanogenic bacteria due to kinetic
fractionation between methane and CO, (Irwin et a. 1977). Positive 5613C
values (up to +15%. PDB) of carbonate minerals may therefore represent
precipitation during methanogenesis. The products of different reactions of
organic-matter degradation are commonly mixed with each other and with
dissolved marine hicarbonate, thereby producing a wide range of carbon-
isotope compositions of pore fluids and resulting carbonate mineral phases
(Gautier and Claypool 1984; lyer et a. 1995). Massive dteration or the

resetting of 6'3C values in existing carbonate phases during diagenesis,
however, is hindered by small concentrations of carbon in the diagenetic
fluids (Banner and Hanson 1990). The carbon-isotope composition of po-
rewater is commonly controlled by the composition of the dissolving car-
bonate phase. Carbonate 6*3C values can be modified only in very open
systems (high fluid—ock ratio) or in the presence of brines with elevated
levels of total dissolved carbon (Banner and Hanson 1990).

The majority of samples used in this study are homogeneous micrite and
dolomicrite, without visible cements and skeletal fragments (Table 1). The
samples predominantly have nonluminescent to dark, dully cathodolumi-
nescence (CL) patterns, but in some cases exhibit a patchy distribution of
nonluminescence to bright luminescence, suggesting possible diagenetic
modification. Examples of diagenetic ateration in these deposits include
neomorphism and recrystallization of micrite to microsparite, and dolo-
mitization of fine-grained carbonate to dolomicrosparite and coarse-crys-

TasLE 2—Sable-isotope data for individual diagenetic components.

Stratigraphic 3180 813C
Position (m) Description (%0PDB) (%0PDB)
20.55 fibrous/bladed calcite cement in between intraclasts of flat pebble conglomerate —7.86 2.88
20.55 fibroug/bladed calcite cement in between intraclasts of flat pebble conglomerate —7.80 297
340 ferroan equant calcite cement in voids (burrows?) within a micritic layer of ribbon rocks —9.68 227
388 ferroan equant calcite cement in voids (burrows likely) within ribbon rocks —9.07 2.70
39.1 ferroan equant calcite cement from burrows in microbially laminated deposits —9.69 2.69
48.6 saddle dolomite cement from voids and fractures in deposits with remnant thrombolitic fabric —8.60 314
515 saddle dolomite cement in large dissolutional or dissolution enlarged void in couplets —8.10 2.80
52.05 saddle dolomite cement from voids in fine-grained couplets —8.60 259
56.55 saddle dolomite cement in desiccation cracks in medium-grained couplets —874 275
712 saddle dolomite cement from tectonic veins —8.00 324
74.0 pore-central equant calcite cement in a void within micritic layer —-9.84 154
74.0 saddle dolomite cement from voids (desiccation?) in between intraclasts in limestone deposits —7.01 277
74.2 saddle dolomite cement from microbial deposits (digitate stromatolites) —6.98 2.63
744 saddle dolomite cement from microbial deposits (digitate stromatolites) —6.88 2.87
754 fibroug/bladed calcite cement between micritic intraclasts of limestone deposits —9.96 2.65
76.05 saddle dolomite cement between angular clasts of coarse-crystalline replacement dolomite —6.92 2.68
76.05 saddle dolomite in argillaceous/bituminous matrix in burrows of microbial (thrombalitic) deposits —6.73 2.68
79.35 saddle dolomite cement in voids (desiccation?, burrows?) within dolomitized couplets —842 246
79.35 saddle dolomite embedded in bituminous matrix; from patches in mudstones or couplets —6.65 2.90
835 saddle dolomite in argillaceous/bituminous matrix of burrows in mudstones/fine-grained couplets —6.44 2.64
83.7 saddle dolomite cement in voids in dolomitized microbial (thrombolitic) deposits =7.77 193
84.6 dolomite cement from intergranular pores of ooid grainstone deposit —6.59 2.05
85.0 saddle dolomite cement in voids in dolomitized microbial (thrombolitic) deposits —6.96 1.80
85.3 saddle dolomite cement in layer-parallel voids in microbia (thrombolitic) deposits —17.33 1.66
85.55 dolomite cement in pores between dolomitized angular peloids -7.39 175
88.75 saddle dolomite cement from voids in dolomitized and partially silicified microbia deposits -717 127
934 saddle dolomite cement from bed-perpendicular fracturesin couplets —7.01 —061

Downloaded from http://pubs.geoscienceworld.org/sepm/jsedres/article-pdf/68/6/1212/2812397/1212.pdf
bv Smith Colleae | ibraries user



1218

B. GLUMAC AND K.R. WALKER

)
3
]
=%
= E
g &
[3)
B~
L) .
=2 9
2
g &
=8
Q 30
=3
:§ Fic. 3—Variations in §°C and 880 values
'fg 7 as a function of stratigraphic position of the
2 samples. Isotope variation curves are constructed
204 by connecting all measured isotope ratios for the
micrite and dolomicrite samples. The width of
K the curves approximates a 0.2%o reproducibility
_g - shown as horizontal error bars. Superimposed on
77 O micrite the carbon-isotope variation curve are data points
§‘ O dolomicrite that represent the isotope compositions of
3] 10+ fibrous/bladed individual diagenetic phases (see legend lower
2 A _.cite cement right). See Tables 1 and 2 for description of
] _ : samples. The correlative conformity interval
%‘ A equant calcxte. (CCl) at the Maynardville/Copper Ridge
Z om < saddle dolomite Dolomite transition is indicated. Note the poor
1 5 3 4 3 ) 8 7 -6 .5 correlation between 6'*C and 'O values, and
b the difference in 60 values between micrite
813C %0 PDB 8180 %0 PDB and dolomicrite (see also Figure 4).

talline replacement dolomite (Glumac 1997). Diagenetic modifications are
substantiated by oxygen-isotope compositions that are more negative than
the predicted Cambrian marine calcite value of about—5.0%. PDB (Figs.
3, 4, Lohmann and Walker 1989).

Superimposed on the general stratigraphic trend of increasing carbon-
isotope values for the subtidal micrite in the lower Maynardville Formation
is a wide scatter of 6'3C values (Fig. 3). Diagenesis in the presence of
degrading organic matter can explain this data scatter. Thisis substantiated
by the association of these deposits with framboidal pyrite, ferroan car-
bonate phases, skeletal fragments, bioturbation, and shale deposits that may
have been rich in organic matter (Fig. 2). The increase in 8'3C values
within the subtidal deposits is accompanied by a decrease in the amount
of shae (Figs. 2, 3) but is not associated with any apparent diagenetic
changes that could have caused the observed shift in the carbon-isotope
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signature. Therefore, the recorded shift is consistent with a secular trend
in the marine 13C/*2C increase. The less-scattered 5'3C values of the peri-
tidal dolomicrite correspond to less common indicators for the presence of
organic matter, and to the paucity of ferroan carbonate phases in these
deposits (Fig. 3). The decline in 6*C values within the Copper Ridge
Dolomite is associated with neither changes in lithologic content nor dia-
genetic patterns, and thus also supports a secular trend.

Lack of systematic covariance between §'C and 680 values is com-
monly used as evidence that the carbon-isotope signal is not controlled by
diagenetic aterations (Figs. 3, 4; Hudson and Anderson 1989; Derry et d.
1992; Brasier et a. 1994). The 80 depletion in the samples analyzed,
relative to estimated Cambrian marine calcite values, indicates ateration in
the presence of meteoric waters and/or during burial at elevated temperature
(Figs. 3, 4). Oxygen-isotope values of the peritidal dolomicrite are, in gen-
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Fic. 4—8%C versus 60 values for the micrite and dolomicrite samples.

eral, more enriched in 80 relative to subtidal micrite (Figs. 3, 4). This can
be explained by: (1) an equilibrium fractionation between dolomite and
calcite (Friedman and O’'Neil 1977; Land 1980); (2) formation of pene-
contemporaneous dolomite under sabkha-like evaporative conditions
(McKenzie 1981); and (3) a lesser degree of later diagenetic ateration of
dolomite relative to calcite (Knoll et a. 1995b). The 180 depletion of do-
lomicrite samples, relative to estimated normal-marine Cambrian dolomite
(assuming a 3 = 1%o enrichment relative to Cambrian marine calcite;
Friedman and O'Neil 1977; Land 1980), is indicative of diagenetic alter-
ation (Figs. 3, 4). The difference between the 620 values of micrite and
dolomicrite samples is a function of differences in precursor carbonate
compositions and styles of diagenetic modification.

Comparison of isotope compositions between carbonate matrix and as-
sociated cements provides insights into diagenetic environments and the
extent of diagenetic modifications (Fig. 3). Similarity of 6C and 60
values for the fibrous to bladed calcite cement from the subtidal deposits
and associated micrite suggests formation from marine water and similar
diagenetic modification (Fig. 3). Depletion of 180 in the fibrous to bladed
calcite cement relative to the peritidal dolomicrite may be the result of
meteoric diagenesis or may reflect later burial alteration. During diagenetic
modification, the §13C value for fibrous to bladed calcite was buffered to
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the host-rock composition (Fig. 3). Precipitation from meteoric water may
have been responsible for the depletion of 80 and *3C in the equant calcite
cement relative to the associated matrix samples (Fig. 3). Equant calcite
cement from the Maynardville Formation is ferroan in composition, and is
associated with burrows. This suggests the possibility of incorporation of
13C-depleted organogenic carbon into the equant calcite cement under re-
ducing conditions in meteoric—phreatic or buria environments. The 60
values of saddle dolomite are comparable with, or more negative than,
those of the associated dolomicrite, whereas their 6*3C compositions are
comparable (Fig. 3). These observations are consistent with formation of
saddle dolomite during burial at elevated temperatures in a rock-dominated
system.

RELATION OF CARBON-ISOTOPE EXCURSION TO BIOSTRATIGRAPHY AND
SEQUENCE STRATIGRAPHY

Biostratigraphic correlation of Cambrian stratais commonly limited, be-
cause of restricted geographic distribution and low preservation potential
of many fossi| taxa (Brasier 1993). Carbon-isotope stratigraphy, developed
for Cambrian carbonate platform successions with a well-constrained bio-
stratigraphic and sequence-stratigraphic framework, has great potential as
adtratigraphic tool (Brasier 1993). Therefore, 6*3C variations for the Upper
Cambrian of the southern Appal achians are compared with those for several
coeval, biostratigraphically well-characterized successions (Brasier 1993;
Saltzman et d. 1998).

The presence of Cedaria and Crepicephalus zone fauna has been re-
ported in the Nolichucky Shale of northeastern Tennessee (Fig. 6; Bridge
1956; Derby 1965; Rasetti 1965). Aphelaspis zone fauna in the lower part
of the Maynardville Formation (subtidal depositional package) constrains
its age to the Dresbachian or Steptoean (Fig. 6). The base of the May-
nardville is at or above the lower boundary of the Aphelaspis Zone (Fig.
6; Derby 1965). Traditionaly, the base of the Maynardville is placed at
the base of the first thick-bedded limestone unit above the Nolichucky
Shale (Fig. 2), and as such it represents a facies boundary that may be
diachronous. The upper part of the Maynardville (peritidal depositional
package), and overlying Copper Ridge Dolomite deposits are extensively
dolomitized and poorly fossiliferous. Trempealeauan fauna has been doc-
umented from the upper part of the Copper Ridge Dolomite (Bridge 1956;
Derby 1965), but to date, no fossil of Franconian age has been identified
in the southern Appalachians. Therefore, the Copper Ridge Dolomite has
been considered to represent most of the Franconian and Trempealeauan
stages (Elvinia to Saukia zones) of the Late Cambrian (Fig. 6; Bridge 1956;
Rasetti 1965; Derby 1965; Osleger and Read 1993).

Brasier (1993) and Saltzman et d. (1998) reported a positive carbon-

Subtidal ribbon rocks

Micritic stratiform stromatolites

(microbial laminites)

Dolomicritic microbial deposits

i Peritidal medium- to

coarse-grained couplets

Peritidal fine-grained couplets
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513C %. PDB
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Fic. 5—Ranges of 6°C values for various
lithofacies studied. The number of samples (n)
and mean values (X) are indicated for each
lithofacies.
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isotope excursion for the Upper Cambrian in the western United States (the
Great Basin area), China, Kazakhstan, and Australia, suggesting that this
is a widespread (possibly global) phenomenon. The beginning of the ex-
cursion is marked by an increase in 6*3C values of marine carbonate above
a background range of —1 to +1%. PDB. This increase is coincident with
the first occurrence of the trilobite Glyptagnostus reticulatus, which cor-
responds to the base of the Pterocephaliid Biomere, the Steptoean Stage,
and the Aphelaspis Zone (Fig. 6). Thisinterval can be correlated worldwide
as a marine extinction horizon at the Marjumiid—Pterocephaliid Biomere
boundary (Ludvigsen and Westrop 1985). Maximum &*3C values (4 to 5%
PDB) correspond to the late Steptoean or Dresbachian/Franconian boundary
interval, which is commonly represented by a craton-wide hiatus separating
the Sauk |1 and Sauk 111 sequences. This part of the positive carbon-isotope
excursion aso coincides with maximum faunal diversity within the Pter-
ocephaliid Biomere, which spans the late Dunderbergia to early Elvinia
trilobite biozones (Palmer 1965b; Rowell and Brady 1976; Saltzman 1996).

Comparison with carbon-isotope excursions at other localities suggests
that the start of the excursion in the southern Appalachians coincides with
the base of the Aphelaspis Zone and Pterocephaliid Biomere in the upper
Nolichucky (Figs. 3, 6). The return to background 6'3C values occurs in
the lower Copper Ridge Dolomite (Fig. 3). This shift is known to occur
prior to the end of the Pterocephaliid Biomere and during the Elvinia Zone
(Saltzman et a. 1998), thus supporting an early Franconian or late Step-
toean age for the lowermost Knox Group in the southern Appalachians
(Fig. 6). This demonstrates the potential of using carbon-isotope stratig-
raphy to correlate stratigraphic successions for which detailed biostrati-
graphic determinations cannot be made. Such interpretations are possible,
judging by the documented consistent relationships between carbon-isotope
excursions and biostratigraphic markers on different continents (Gale et a.
1993), but should be made with a great degree of caution. Saltzman (1996),
for example, noted that the Steptoean excursion started slightly earlier in
China than in the Great Basin.

The maximum carbon-isotope excursion in the southern Appalachians
corresponds with the occurrence of common siliciclastic detritus (Figs. 2,
3). The coincidence of the maximum carbon-isotope excursion and the sea-
level lowstand in the western United States supports the interpretation that
this interval represents the correlative conformity associated with the cra
ton-wide Dresbachian/Franconian unconformity or Sauk 11/Sauk 111 hiatus
(Fig. 6). The maximum carbon-isotope excursion is coincident with wide-
spread influx of siliciclastics during the Dunderbergia (late Dresbachian)
and/or early Elvinia (early Franconian) fauna zones in the Great Basin as
well (Saltzman et a. 1998).

The geometry of carbon-isotope curves can be used as an indicator of
relative sediment accumulation rates and the distribution of discontinuities
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in the geologic record (Magaritz 1991; Pelechaty et al. 1996). For example,
the thickness of the stratigraphic interval that records the Steptoean positive
carbon-isotope excursion in the Great Basin of Nevada is in excess of 200
m (Saltzman et a. 1998). In comparison, the carbon-isotope excursion in
the southern Appalachians is contained within about an 80 m thick suc-
cession (Fig. 3), implying a rather low sediment accumulation rate. An
even more condensed interval is reported from passive-margin successions
of the northern Appalachians of western Newfoundland, where the upper
four Dresbachian trilobite zones (Aphelaspis, Dicanthopyge, Prehousia, and
Dunderbergia) occur in less than 20 m of strata associated with thin layers
of quartz sand (James and Stevens 1986).

POSSIBLE CAUSES AND CONSEQUENCES OF THE EXCURSION

A positive 813C shift of 4 to 5% in marine carbonate could be related
to the removal of 20-25% organic carbon from ocean water (Berger and
Vincent 1986). It has been postulated that accumulation of organic-rich
sediment in the Phanerozoic was at its maximum during the early Paleo-
zoic, with the Middle to Late Cambrian being one of the main episodes of
deposition of organic-rich shale (Thickpenny and Leggett 1987). The Cam-
brian was a time of relatively warm global climate, characterized by slug-
gish, global ocean-current circulation that favored ocean stratification and
the formation of anoxic deep waters (Wilde and Berry 1984; Weissert
1989). Sea level was at one of its maxima on the Laurentian craton during
the Cedaria through Aphelaspis fauna zones in the early Late Cambrian
(Fig. 6; Bond et a. 1988). High sea level contributes to salinity stratifi-
cation and decreased terrestrial runoff, which can cause nutrient depletion
and reduced organic productivity (Brasier 1992). This may have created
nutrient-starved waters over anoxic bottom waters during the Cambrian
along the margins of Laurentia (Brasier 1992).

This sea-level maximum was followed by regression and the widespread
Dresbachian/Franconian or Sauk [I/Sauk 111 hiatus (Lochman-Balk 1971;
Palmer 1971, 1981; Bond et al. 1988; Osleger and Read 1993). Terrestrial
runoff during sea-level fall increases nutrient influx, thus resulting in great-
er organic productivity and *2C depletion of surface waters (Brasier 1992).
High trilobite and brachiopod diversity during the late Dunderbergia Zone
(Rowell and Brady 1976) does not necessarily imply high organic produc-
tivity. In the absence of direct evidence for an increase in organic produc-
tivity, the Late Cambrian positive carbon-isotope excursion can be ex-
plained by an increase in the rate of burial of organic carbon. This se-
questering of carbon may have been caused by increased rates of sediment
deposition, related to the onset of regression and the increase in erosion
rates. The presence of siliciclastic detritus in the carbonate rocks from the
correlative conformity interval at the Maynardville/Copper Ridge transition
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is considered a consequence of sea-level lowering and an increase in the
input of craton-derived sediment (Fig. 2). This supports the relationship
between sea-level fal and the maximum positive carbon-isotope excursion
(Fig. 3).

Removal of carbon from the ocean surface layer can cause a declinein
atmospheric P, and subsequent global climatic cooling (Vincent and Ber-
ger 1985; Knoll et a. 1986; Marshall and Middleton 1990). This can po-
tentialy explain the link between the positive carbon-isotope excursion and
the sea-level fall at the Sauk I1/Sauk 111 boundary. The cause of this sea-
level fal is unclear, given that the Cambrian was a time of little or no
continental glaciation. The lack of evidence for glaciation, however, does
not imply absence of climatic cooling during the excursion. The cooling
event may not have caused glaciation because of the absence of continental
land masses in polar regions during the Late Cambrian (Scotese and
McKerrow 1990). Global climatic cooling can cause major oceanographic
changes such as a destabilization in the oceanic density structure or ocean
overturns that bring deep *°C-depleted water to the surface (Wilde and
Berry 1984). The end of the Late Cambrian carbon-isotope excursion can
thus be related to climate-induced ocean mixing, coupled with oxidation
of organic matter during a sea-level fall. Similar interpretations have been
proposed for the late Proterozoic and Late Ordovician positive carbon-
isotope shifts (Wilde and Berry 1984; Marshall and Middleton 1990; Kauf-
man et a. 1991; Derry et a. 1992).

Some of the Mesozoic and Cenozoic positive carbon-isotope shifts, how-
ever, coincide with sea-level maxima (Berger and Vincent 1986; Arthur et
al. 1987; Jenkyns 1996). The association of high sea level and *3C enrich-
ment in the oceans has been attributed to a high accumulation rate of
organic carbon in sediments on extensive shelf areas (Berger and Vincent
1986; Jenkyns 1996). A sea-level rise due to climate warming can accel-
erate the hydrologic cycle and intensify weathering. This would cause nu-
trient mobilization and an increase in organic productivity, which could in
turn lead to increased carbon burial and a positive carbon-isotope excursion
(Follmi et al. 1994). On the other hand, Brasier (1992) noted that increased
nutrient availability, an associated increase in organic productivity, and
lowering of the 3C/*2C ratio in the surface waters all occur during sea-
level fall and increased terrestria runoff. Such interpretations suggest that
prominent changes in carbon cycling are likely to occur during sea-level
changes, and that similar signals in the carbon-isotope record of marine
carbonate can result from rather different controlling factors. Consequently,
there is no unique explanation for changes in carbon cycling throughout
the geologic record.

CONCLUSIONS

(1) Elevated 6*3C values of Upper Cambrian carbonate deposits in the
southern Appalachians reflect an increase in the 13C/12C ratio of sea water
as a consequence of a mgjor perturbation in the global cycling of carbon.

(2) Comparison with coeval carbon-isotope excursions documented in
biostratigraphically well-characterized successions elsewhere provides a
means for improving the chronostratigraphic framework for the Upper
Cambrian in the southern Appalachians.

(3) Superimposed on the secular trend are minor variationsin 6C val-
ues that can be related to conditions during deposition and postdepositional
diagenetic modifications.

(4) Comparison of 6*3C and 680 values between depositional and dia-
genetic phases provides unique insights into the type and extent of diage-
netic modifications.

(5) The positive carbon-isotope excursion documented in this study is
related to changes in the rate of burial of organic carbon, which in turn
can be linked to changesin sealevel, rates of sediment accumulation, ocean
dtratification, climate, and possibly rates of organic productivity.

(6) If carefully applied, studies of carbon-isotope variations provide a
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useful stratigraphic tool and serve as an indicator of the dynamics of global
environmental changes.
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