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CARBON-ISOTOPE STRATIGRAPHIC
CORRELATIONS IN THE LATE PERMIAN

WILLIAM T. HOLSER*, MORDECKAI MAGARITZ**,
and DAVID I.. CLARK***

ABSTRACT. A uniquely high level of *C in marine limestones of
Late Permian time from the western USA, East Greenland, north-
western Europe, southern China, and the Bellerophon Basin of the
Carnic and Dolomite Alps was described previously. This paper tests
the thesis that its onset and termination are sharp worldwide events
that provide stratigraphic markers of high precision in the Permian.
The onset marker, close to the end of the Capitanian Stage, corre-
lates the Bell Canyon-Castile contact of the Delaware Basin of West
Texas, the Kupferschiefer-Zechsteinkalk contact ¢f the Zechstein
Series in Germany and the North Sea, and the Groden-Bellerophon
contact in the marine Tethyan of the Alps. The termination marker
correlates the top of the Changxing Limestone in southern China
with the upper part of the Bellerophon Formation in the Alps but
may correspond to para-conformities elsewhere.

INTRODUCTION

Several distinctive isotope shifts such as those of §'80 in carbonate of
the Pleistocene (Shackelton and Opdyke, 1976), §3C in carbonate of the
Cretaceous (Scholle and Arthur, 1980), and §3%S in sulfate of the Early
Triassic (Holser, 1977) have been described previously from marine rocks
(Holser, 1984). Such “isotopic events” are now beginning to be applied as
time lines in stratigraphic correlations. In this paper we discuss strati-
graphic correlations of a shift in §'3C in carbonates during part of Late
Permian time, to high positive values unapproached at any other time in
the known carbon isotope record of the marine Phanerozoic. The anoma-
lous high has now been observed in half a dozen basins around the world,
mainly through our own analytical program. The purpose of this paper
is to test the thesis that the carbon isotope anomaly is contemporaneous
worldwide, and that its onset and termination represent time lines useful
for stratigraphic correlation. A definitive worldwide biostratigraphic cor-
relation scheme has not yet been established for the Permian. We use the
available correlations of various faunal groups, within the limits set by
slightly differing paleontologic opinion, to constrain our isotope correla-
tions. As a further step we suggest some sharper correlations assuming
that the isotope shifts are true time lines. In this paper we are concerned
solely with the stratigraphic implications of the geochemical results; the
details of the isotope profiles and their geochemical interpretations are
given in papers on each area, which are referenced in the discussion.
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LATE PERMIAN STRATIGRAPHY

Correlations of Late Permian sections have been of special interest
because the biotic crisis associated with the Permian-Triassic interval is
the most dramatic in the Phanerozoic record (Raup and Sepkoski, 1982).
However, the precise intercontinental correlations required for quantita-
tive evaluation of extinctions in the Late Permian have been frustrated
by both procedural and substantive controversies owing to limitations of
the paleontology on which such correlations have previously depended.
These controversies have been extensively debated in symposia (Logan
and Hills, 1973; Pakulska, 1981) and intensively reviewed by Ruzhentsev
and Sarycheva (1965), Smith and others (1974), Waterhouse (1976; 1978),
Kozur (1977, 1978), and Anderson (1981). A few of the bases of contro-
versy are:

1. Lack of suitable stratotypes for defined stages of the Permian, in
part because the classic type sections of the Permian in Russia were
mainly non-marine, and few marine sections subsequently proposed are
complete for more than one stage.

2. Disagreement as to which taxa — ammonoids, brachiopods, fusi-
linids, conodonts, or palynomorphs — are the most definitive for correla-
tion by virtue of their cosmopolitan, isochronous, and finely divisible bio-
stratigraphic zonation.

3. A prevalence in many important sections of endemic, restricted, or
impoverished taxa — or no fossils at all.

4. Difficulties of recognizing paraconformities in which one or more
stages are apparently missing from certain marine sections, without de-
formation, weathering, erosion, or other evidence of the hiatus.

NATURE OF CARBON ISOTCPE ANOMALIES IN MARINE CARBONATE ROCKS

The 13G/*:C ratio in a marine carbonate rock is conventionally de-
scribed in terms of its deviation in parts per thousand from the PDB
standard, defined as “8” units. The 13C/12C ratio in a marine carbonate
sediment is closely related to that of the marine bicarbonate from which
it was deposited by organic or inorganic processes, subject to deviations
dependent on mineralogical, kinetic, and “vital” (specific biological) ef-
fects. Alteration of §'*C from that of the primary carbonate may (but not
necessarily does) occur during diagenetic mineral transformations or later
equilibration with meteoric waters. We have sought to minimize both pri-
mary and secondary deviations of 13C,,,;, from that of the original marine
bicarbonate by basing selection on the following criteria: (A) micritic car-
bonate free of obvious fossils and vein carbonates, (B) shelf facies, (C) do-
lomite (Magaritz, 1985), and (D) core rather than outcrop samples. The
ultimate verification, that original §'3C values were preserved, rests on
their match with other sections in the same or distant basins.

Positive shifts in marine §3C,,,, are in general caused by an increase
in net storage rate of organic carbon, which has 83C,, about —25 per
mil. One might expect the resulting positive anomaly in §3Ceqy, to be
evident most immediately and dramatically in the bicarbonate (hence de-
posited carbonate) of the surface waters of the basin in which the increase
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of Gy deposition occurred. However, equilibration with atmospheric CO,
and mixing of marine surface waters are so fast that the §3C anomaly will
be spread worldwide in a few years, at the same time that it is diluted by
this larger surface-water reservoir. Further mixing with the even larger
reservoir of the deep sea below the pycnocline will take about 103 yrs in
the present regime of vertical circulation that is driven by cold polar wa-
ters and perhaps several times longer during geological intervals when
thermohaline circulation was dominant. Consequently, isotopic shifts of
813C,arp due to excess storage of C,,, when detected, are expected to be
found in all marine waters, at approximately the same intensity. These
shifts should be synchronous within a few hundred or thousands of years.
On the other hand, the mixing with large reservoirs so greatly dilutes an
isotope shift (due to a given transfer of C,,) that only a very unusual
event will be detectable. The §C,,,, anomaly in the Late Permian is
such an unusual event and has been detected worldwide in carbonate sec-
tions on marine shelves (not deep sea).
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Fig. 1. World-wide correlations in Late Permian time. Correlations from carbon iso-
tope stratigraphy are shown as heavy lines; other correlations interpolated from Kozur
(1977) and other authors (sce text). Each stratigraphic scction is bordered on its right by a
space in which solid black indicates a measured positive anomaly of *C (> + 3 per mil),
a diagonal pattern indicates normal *C (= 0 = | per mil), white indicates no measurements.
Sources of isotope data are mainly as follows (also see text): western United States of
America, Magaritz and others (1983) and Wilgus (ms); east Greenland, Clemmensen, Holser,
and Winter (1985); Germany and North Sea, Magaritz and Schulze (1980), Magaritz, Turner,
and Kading (1981), Magaritz and Turner (1982); Austria and Italy, Holser and Magaritz
(1985); Himalayas, Magaritz (unpub.); South China, Chen and others (1984).
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Fig. 2. Paleogeography of Late Permian time (adapted from Bambach, Scotese, and
Ziegler, 1980), indicating the worldwide distribution of the measured sections of Late
Permian marine rocks. The numbers correspond to those heading the columns in fig-
urc 1.

THE LATE PERMIAN CARBON ISOTOPE ANOMALY

General characteristics—At a time very close to the end of the Capi-
tanian Stage of the Late Permian time §'*C rose sharply by 5 to 7 per mil.
Values of 2C above +4 continued with only minor variations until very
near the end of the Dorashamian Stage, that is, near the Permian-Triassic
boundary. Lowermost Triassic rocks return to §'3C near zero.

This carbon isotope anomaly has been described from widely sepa-
rated regions. The sections in which the anomaly has been detected are
summarized in figure 1, and their locations with respect to Permian pa-
leogeography are shown in figure 2. Figure 1 also indicates the interconti-
nental correlations of Late Permian stratigraphy that have been deduced
from an evaluation of the new isotope stratigraphy combined with the
previous biostratigraphic determinations.

This Late Permian high of 812C is apparently a final phase of a gen-
eral high level of §'3C in Late Carboniferous and Permian time previously
documented only in statistical fashion (Veizer, Holser, and Wilgus, 1980;
Saltzman, Lindh, and Holser, 1982; Lindh, ms) or in particular times and
places (Given and Lohman, 1985; Lohman, 1986). Thus the value near
813C = 0, which characterizes the initial part of each profile in the de-
tailed sections reviewed below, may actually be a short excursion back to
low 81*C. The complete delineation of these earlier variations will be re-
solved only by further detailed isotopic analyses of key stratigraphic sec-
tions of early Permian and Carboniferous age.

Although the anomaly is clear and widespread, we do not yet have
independent evidence of the massive storage of C,., that would account
for the highly positive §'3C. Holser and Magaritz (1984) point out that if
this major deposition of C,., had taken place in marine muds, it should
have been accompanied by an equally massive deposition of pyrite sul-
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fide (Goldhaber and Kaplan, 1974), with a consequent positive shift of
8% S ugate- The residence time in the world ocean for sulfur (~107 yr) is
much longer than that of carbon (~103 yr), and consequently the full rise
of 8§ might be delayed for several million years after the corresponding
rise of 83C. But no positive shift of 35S, is evident in the Late Perm-
ian either in general (Claypool and others, 1980) or specifically in the
sections showing a positive shift of 83C,,,, (Magaritz and others, 1983;
Holser and Magaritz, 1985; Clemmensen, Holser, and Winter, 1985). Con-
sequently Holser and Magaritz (1984) conclude that the carbon storage
was probably on land, where sulfate is deficient (Berner and Raiswell,
1983). Perhaps large amounts of (low-sulfide) organic carbon were de-
posited by forests flourishing at the close of the late Paleozoic glaciation
(Holser and Magaritz, 1984) that continued into Kazanian time (Ham-
brey and Harland, 1981).

Although we do not yet have a very specific model for the origin of
the Late Permian high of §3C, we have considered and eliminated sev-
eral models that would have been independent for each basin and there-
fore not a basis for intercontinental correlations. Specifically, many of
our colleagues have suggested that the rise in §*C may have been con-
nected somehow with the incidence of evaporitic conditions in many
basins of Late Permian time. Recently Stiller, Rounick, and Shasha (1985)
have reached very high §3C by experimental evaporation of brines in the
potash facies, owing to kinetic fractionation during effusion of CO.. We
have argued (Magaritz and others, 1983, p. 119) that such evaporitic de-
gassing cannot explain the rise of §13C in Late Permian basins; to sum-
marize: (A) high 83C is not found in Cenozoic evaporites; and (B) in
Permian basins that include evaporite (Zechstein and Delaware Basins)
the rise of §3C occurs in marine sediments preceding the initial CaSO,
evaporite deposition, and the high continues through all subsequent fa-
cies and cycles. Recently, the Late Permian high of *3C has been con-
firmed in the marine part of the Bellerophon Basin and in the completely
marine South China Basin (see detailed discussion below). Arthur (1984)
suggests that the low §C at the base of our Delaware Basin sections
(Magaritz and others, 1983) represents an overprint on a generally high
513C in the Late Permian by diagenesis in formations rich in organic car-
bon (C,., = 5-9 percent). But our detailed analyses for organic carbon in
those profiles (Magaritz and others, 1983, p. 115) and qualitative observa-
tions in other basins show no such anticorrelation, for example, §13C.,.p
is not low in proportion to C,., being high.

Review of described occurrences—Although *C enrichment in the
second cycle of the Zechstein Series (Z2Ca) had been implicit in earlier
published data (Muller and others, 1968; Marowsky, 1969), the rapid on-
set of the high in the first cycle (Z1) was first delineated by Magaritz and
Schulze (1980), who called attention to its anomalous nature. The anom-
aly was subsequently confirmed across the Zechstein Basin by Magaritz
and others (Magaritz, Turner, and Kading, 1981; Magaritz and Turner,
1982), supplemented by additional data that became available incidental
to other isotopic studies of Zechstein rocks (Clark, 1980; Botz and Muller,
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1981). We then searched for and found an analogous anomaly all the way
across Pangaea in the Delaware Basin of Texas (fig. 2). This anomaly
occurs in a well-documented varve sequence that timed the onset to have
taken less than 5000 yrs (Magaritz and others, 1983). Chen and others
(1984) sampled and analyzed one of the classic Permian-Triassic sections
in southern China and found the same anomaly.

What may be a rather complete representation of the anomaly in the
Bellerophon Basin of Austria and Italy (Holser and Magaritz, 1985) is
shown in figure 3, where it lies entirely within the Bellerophon Forma-
tion of latest Permian age. High values of §'*C from +2.5 to over 4 per
mil extend (with one interruption) through about 80 m of section. The
steep rise to these high values takes place in the Bellerophon Formation,
within a few meters of its base. The end of the anomalous high lies within
a 50-m covered interval, near the Permian-Triassic boundary.

We have also surveyed some samples from seven sections in the Hi-
malayas furnished by A. Nicora of the University of Milan (Baud and
others, 1984) and Eric Hatleberg of the University of Wisconsin, Madison.
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Fig. 3. Carbon isotope profile at the Reppwand, Carnic Alps, Austria (Holser and
Magaritz, 1985). Symbols (from top downward): Werfen siltstone and dolostone; Tesoro,
oolitic dolomite; Bellerophon, dolostone, covered, oolitic dolostone, dolostone with
Rahwacke beds (evaporitic breccia); Groden, dolomitic siltstone, dolostone breccia;
Trogkofel, dolostone.
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In these sections limestones of earliest Triassic age overlie sandstones of
of Late Permian age, and §'*C in the Triassic limestones is universally
normal.

ISOTOPE-STRATIGRAPHIC CORRELATIONS IN THE PERMIAN

Stipulations and assumptions—On the basis of the above and pre-
vious (Magaritz and others, 1983) discussions, we are convinced that high
positive levels of §'*C detected in Late Permian rocks are a reflection of a
worldwide excursion of this isotope ratio in marine bicarbonate (and the
atmosphere), that is so far unique in its magnitude. The anomalously
high level of §'*C lasted for a substantial part of Late Permian time.
Recent evaluations of the stratigraphic time scale arbitrarily assign about
5 Ma to the whole Tatarian stage (for example, Harland and others, 1982)
— consequently the duration of the anomaly may be about that long. The
onset has been observed to have taken only a few thousand years (Maga-
ritz and Turner, 1982; Magaritz and others, 1983), and the termination
may be equally abrupt (Chen and others, 1984). On theoretical grounds,
as discussed above (see also Magaritz and others, 1983), marine levels of
613C would be expected to be established worldwide within at most a few
thousand years. Therefore, the onset and termination events each should
be synchronous worldwide on a time scale much finer than biostrati-
graphic zonation. The sharpness and wide geographic distribution of
these markers are comparable to those of magnetic reversal stratigraphy.

The Late Capitanian onset marker—Figure 1 displays suggested in-
tercontinental correlations in Late Permian time, tied to the onset and
termination markers of the carbon-isotope anomaly, that are still within
the range of biostratigraphic fact and opinion. The left side of figure 1
shows the classical stages of the Late Permian and the stages and substages
of Kozur (1977, 1978). The choice of stratigraphic subdivisions, and the
Permian-Triassic boundary itself, is not at issue here — our objective is to
establish some time lines and limits among the actual sections from
widely separated basins.

In the Delaware Basin of Texas, the studied sections (Magaritz and
others, 1983) of the Bell Canyon Formation are near the top of the Dela-
ware Mountain Series and of the Capitanian Stage (Furnish, 1973). §2C
begins to rise within the Bell Canyon Formation only about 35,000 yrs
after deposition of the Lamar Limestone Member (near the top of the
Bell Canyon Formation) and is completed 4500 yrs later within the lower-
most Castile Formation (Anhydrite I Member) (Magaritz and others, 1983).
The Castile Formation is without fossils, and we assign it to the Aba-
dehian Stage on the basis that it overlies, apparently conformably, the
Delaware Mountain Series. Furnish (1973) and Waterhouse (1976, p. 166)
have placed the Lamar Limestone Member in the Abadehian (= Amaras-
sian = Urushtenian) Stage, which would make the Castile at least later
Abadehian, but Kozur (1977, p. 101) leaves the Lamar with the rest of the
Delaware Mountain Series in the Capitanian on the basis of both fusu-
linid and conodont faunas.
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The carbon isotope onset marker is clearly seen in both the Delaware
Basin of Texas and the Zechstein Basin of northwestern Europe, and in
both basins the subsequent high of §3C continues without known inter-
ruption through the last Permian marine deposition (fig. 1). The isotope
data consequently indicate a time line between the Bell Canyon For-
mation just before the beginning of evaporite deposition in the Castile
Formation, in Texas, and the Kupferschiefer just before its smooth tran-
sition to the Zechsteinkalk in the first cycle (Z1 = Werra) of the Zechstein
Series. This isotope correlation agrees with some paleontological inter-
pretations but disagrees with others. A sequence of development within
the palynological genus Luckisporites equates the base of the Zechstein
with the base of the Abadehian (= base of the Tatarian) (Visscher, 1973;
Kozur, 1978, p. 112; Warrington in Smith and others, 1974, p. 36). Kahler
(1974b) correlates the Zechstein (and the Bellerophon) in the Conodofu-
siella fusulinid zone of Abadehian age. This assignment is also accepted in
Anderson’s (1981) world-wide correlation table for the Permian-Triassic.
However, based on brachiopod (and possibly other invertebrate fauna)
the Zechstein Series has been assigned alternatively to the Kazanian or
even the Kungurian (Waterhouse, 1976, p. 113; Waterhouse in Smith and
others, 1974, p. 34). Conodont zonation should have the biostratigraphic
precision to resolve this question, but again one finds differing interpre-
tations of morphological evolutionary series. One of us (D.L.C.) has rec-
ognized a late stage of the Neogondolella serrata postserrata Assembly
Zone in both the Lamar Limestone of Texas and the uppermost Gerster
Formation of Nevada-Utah, where in the latter case it overlies the Neo-
gondolella rosenkrantzi-Neospathodus divergens Assembly Zone (Clark
and others, 1977, and unpublished; Behnken, 1975). N. divergens has long
been known as a prominent guide fossil of the Zechstein 1 in both Ger-
many and England (Swift and Aldridge, 1982). However, Kozur (1978,
p. 107) has asserted that the Nevada conodont material is not the same
as the Zechstein material and has reassigned the former to a Kazanian
Gondolella Dbitieri-Stepanovites meyeni-Merrillina [= Neogondolella]
praedivergens Assembly Zone, followed by a Gondolella bitteri-Stepono-
vites inflatus-Merrillina divergens Assembly Zone, which includes the
Zechstein and is assigned an Abadehian age. The paleontological correla-
tions are clouded by differing “communities” (Behnken, 1975) of con-
odonts (facies dependent?) and by judgments of developmental lineages.
Thus while the most authoritative paleontological opinion would have
the Zechstein 1 of Europe somewhat older than the uppermost Bell Can-
yon Formation of Texas, sufficient uncertainty may remain to accommo-
date the time equivalence of these formations indicated by the carbon
isotope data. An alternative is that the onsets detected in the two basins
represent the ends of two independent excursions that occurred at two
different times in the Late Permian, but no later event has yet been found
in the isotope record of either basin.

A few samples have been analyzed for §'*C from the Foldvik Creek
Formation of East Greenland (fig. 1, column 2; Clemmensen, Holser, and
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Winter, 1985); they all have high §*C. The Foldvik Creek Formation has
traditionally been correlated with the Zechstein Series of northeastern
Europe (for example, Birkelund and Perch-Nielsen, 1976) but without
specification as to which cycle(s) of the Zechstein is represented in Green-
land. Such a correlation is indirectly supported by conodonts found in the
Foldvik Creek Formation at Cape Stosch by Sweet (1973, p. 640), which
Kozur (1978, p. 102) places in a developmental series that confines the
Greenland occurrence to the Abadehian. A study of the brachiopod fauna
places the Foldvik Creek Formation in the Kazanian stage by correlation
with those of Spitzbergen (Grant and Cooper, 1973), but only on a statis-
tical basis. Corals also suggest a pre-Dzhulfian age (Flugel, 1978). Critical
Cyclolobid ammonoids are controversial in identification, phylogeny, and
range (Dunbar, 1955; Furnish, 1973; Grant and Cooper, 1973; Water-
house, 1976, p. 116).

The Bellerophon Formation of the Italian Dolomites and the Aus-
trian Carnic Alps is generally assigned to the last stage of the Permian
(Kozur, 1981, p. 419; Anderson, 1981; Waterhouse, 1976, p. 83), mainly on
the basis of brachiopods (Assereto and others, 1973, p. 187), fusulinids
(Kahler, 1974b, p. 127), and palynomorphs (Kozur, 1977, p. 112), al-
though the biostratigraphy has never been studied in systematic detail
(Flugel, 1981). This general relation is sharpened by isotope correlation
of the onset marker that matches the Kupferschiefer-Zechsteinkalk transi-
tion of the Zechstein Basin with a level just above the Gréden-Bellero-
phon boundary at the Reppwand (fig. 1, column 4; fig. 3). Where the
underlying Gréden Formation is marine it is generally correlated as
Wordian to Capitanian on the basis of fusulinids (Kahler, 1974a; 1974b).

In the South China section (fig. 1, column 6) Chen and others (1984)
found low 6'3C values in their two stratigraphically lowest samples, which
span the boundary of the Wuchiaping and the overlying Changxing For-
mations. These formations are both assigned to the Dzhulfian on the basis
of typical ammonoids (Chao, 1965); conodont and fusulinid zonation
(Zhao and others, 1981) place the Changxing in the Dorashamian (upper
Dzhulfian) and the Wuchiaping in the Baisalian (Lower Dzhulfian) (Ko-
zur, 1978, p. 108). A detailed carbon isotope study is needed of the whole
Wuchiaping (and Maokuo) formations to determine whether the low
value of 83C is only a brief excursion at the top of the Wuchiaping or
extends throughout the section. In the first instance the low §'*C may
represent a brief return to low values that have not yet been detected in
other sections. If the low 8§3C turns out to be continuous through the
Wuchiaping, the isotope and paleontological correlations would be in
conflict.

The Late Dzhulfian termination marker—Column 1 of figure 1 ar-
bitrarily juxtaposes the Lower Triassic Dinwoody Formation of Idaho
and Utah above the Ochoa Series of Texas and New Mexico, because no
marine lowermost Triassic is found any closer to the Upper Permian for-
mations of West Texas. The youngest Permian rocks in Texas analyzed
for carbon isotope composition are from the Rustler Formation (Wilgus,
ms), which is correlated as Dzhulfian on the basis of gastropod fauna
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(Batten, 1973). A few determinations of §3C in the Dinwoody (lowest
Triassic; Clark and others, 1977) are normal (Wilgus, ms), but the latest
Permian Gerster Formation, which underlies the Dinwoody in western
Utah, has not yet been studied isotopically.

In East Greenland (fig. 1, column 2) a few analyses for §'3C from the
Wordie Creek Formation of Griesbachian (lowermost Triassic) age are
normal (Clemmensen, Holser, and Winter, 1985), and the termination
marker apparently lies within the paraconformity that is generally con-
sidered to separate the Wordie Creek from the Permian Foldvik Creek
Formation (for example, Teichert and Kummel, 1973). In the probably
correlative main basin of the Zechstein (fig. 1, column 3) the youngest
anomalous §'C is in the third cycle (Z3 = Leine) of the Zechstein Series
(Magaritz, unpub. data) — the overlying formations (through the Lower
Triassic) are thought to be non-marine.

In the Bellerophon Basin the termination marker lies within the
Bellerophon Formation (fig. 3; fig. 1, column 4) — most clearly in the
Reppwand (Austria) section; the overlying Mazzin Member of lowermost
Triassic age is everywhere normal (70 samples from throughout the Dolo-
mite Alps analyzed by C. Nelson, personal commun., 1983). The termina-
tion marker thus lies below the Permian-Triassic boundary as defined
somewhat arbitrarily (Assereto and others, 1973, p. 182) in the Dolomite
Alps. As discussed above, correlations of the Bellerophon Formation with
critical sections of Late Permian age are somewhat indefinite. Assereto
and others (1973, p. 188) conclude that the Bellerophon is older than the
Paratirolites zone, the final ammonoid zone of the Dorashamian stage (fig.
1), but the isotope correlation with south China suggests that the Bellero-
phon of the Reppwand includes the Paratirolites zone. Most of the pale-
ontology on which Assereto based his conclusions was from the western
part of the basin in the Italian Dolomites, and the top beds of the Beller-
ophon may not be of the same age everywhere (Assereto et al., 1973, p.
180).

The sections in southern China studied isotopically by Chen and
others (1984; see fig. 1, column 6) pinned down the termination marker
(in two related sections) within the Changxing Limestone just one bed
below its contact with the Triassic Quinglong Formation. Although this
area is generally considered to have one of the best representations in the
world of the Permian-Triassic transition (for example, Furnish, 1973, p.
545), the contact is nevertheless locally disconformable (Yang and Yang,
1981 — category III; Rostovtsev and Azaryan, 1973). Kozur (1977, p. 105)
reviews evidence that the type Dorashamian (latest Permian) of the
Transcaucases is in part younger than the Changxing Limestone. Conse-
quently, the termination marker of the carbon isotope anomaly may lie
within the Permian, slightly below the Permian-Triassic boundary.

CONCLUSIONS

A uniquely high level of §2C values occurs in marine limestones,
worldwide, in the Late Permian. Its sharp onset near the top of the Capi-
tanian Stage and termination near the top of the Dzhulfian Stage each
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provide stratigraphic markers of potentially high precision. The onset
marker correlates the Bell Canyon-Castile contact of West Texas, the
Kupferschiefer-Zechsteinkalk contact of northwestern Europe, and the
Groden-Bellerophon contact of the Alps. The termination marker corre-
lates the top of the Changxing Limestone in south China with a level
high in the Bellerophon Formation of the Alps; this level lies within
paraconformities of the latest Permian in the western United States of
America and east Greenland. These correlations may help to resolve a
number of uncertainties and conflicts that have previously confused the
stratigraphy and paleontology of Late Permian time.
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