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Abstract

About 35 samples were collected from lower and upper parts of the proposed
Frasnian-Famennian boundary in three sections of Upper Devonian marine
sediments of the Kerman province. The biostratigraphical and geochemical
studies indicate that about 45% extinction of brachiopods probably caused by the
Frasnian-Famennian bioevents, which is slightly higher than thr rate of Devonian-
Carboniferous extinction elsewhere. The results of isotopic carbon and oxygen
isotope analysis (5 °C%0 VPDB and & '°0O %VPDB) show a sudden decrease at
the proposed Frasnian-Famennian extinction boundary which is followed by
positive values above this horizon. The negative excursion may indicate a biomass
extinction due to either a meteorite impact or decay of organic matter. The
isotopic variations are correlated with those of faunal changes and their

extinctions in the area.
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Introduction

It is well known that the Frasnian-Famennian
boundary represents one of the five major bioevents of
Phanerozoic Eon. [9,12,13,17]. At the end of the
Frasnian Stage, most of shallow water organisms
disappeared [8]. Moreover, as has been proposed earlier
[2,13], an asteroid impact at the Frasnian-Famennian
boundary was responsible for the fundamental faunal
changes between these two stages. Several significant
papers have also been published on this subject [7,11].

However, no study in the central parts of Iran on this
subject has been reported. This paper documents a new
case study about the bioevent aspects of the Frasnian-
Famennian boundary in Kerman Province, Iran.

The biomass of faunal is an important reservoir of
carbon isotopes, which could change the productivity or
rate of ocean turnover. Geologic time boundaries are
based on biomass extinction events [10]. Stratigraphic
boundaries are apparently associated with a depletion of
13C in carbonate rocks across the time boundaries. This
depletion indicates a perturbation in the exogenic
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carbon cycle, which might be related to the dissolved
inorganic carbon in the ocean surface, decrease
infertility in the upper ocean water mass, sudden mixing
of the ocean water column bringing poisonous deep
ocean water depleted in "*C to the surface, and increase
in oxidation of organic carbon on the continental
shelves or lands [7].

Regional Stratigraphy

A general view of the Devonian system for northern
part of Kerman, southeast central Iran (Fig. 1) has been
studied by one of us [4]. The upper Devonian marine
sediments are well developed and widely distributed in
north Kerman. These sequences have been
systematically studied well over most parts of the
Kerman region [3]. Commonly, they are approximately
correlated with the Upper Devonian formations of the
Bahram Limestone and the lower member of the Shishtu
Formation in the Tabas area (Figs. 2 and 3).
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Figure 1. Locations of the study area.

Table 1. Results of carbon and oxygen isotope analyses from
Hutk section

Sample No. Carbon  Oxygen | Sample No. Carbon
ADla -2.021 +0.5 ADS8 +5.127
AD2b - +1 AD6¢ +2.94
AD3a +1.403 +1.5 ADSd -4.48
Ad3d +4.924 +1.2 AD5c -1.505
AD5b +2.485 +0.75 AD5a +2.527
AD6a -1.254 -3 AD4b +1.919
AD6b +2.448 -1.2 AD4a +2.476
AD7 +5.32 +1 AD3c +2.054
AD2a +2.446 - AD3b +0.36
ADI1b +1.93 - AD3b +3.081
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In this paper the Frasnian-Famennian boundary has
been investigated in three sections based on brachiopod
extinction and appearance of Famennian faunas in
northern Kerman (Fig. 1). The first and second sites are
located in east and west of the Hojedk syncline about 65
km north of Kerman. The third section is located on the
east side of the Hutk village, 30 km northeast of
Kerman.

All of the above sequences were deposited in an
epicontinental type environment [4]. The upper
Devonian strata comprise about 200-320 m of
limestone, argillaceous limestones, sandstone and shale.
Brachiopods are the most common faunas in the Upper
Devonian Stratigraphic sections in Kerman. The brachi-
opod faunas are followed by corals, palynomorphs,
crinoids, bryozoans and tentaculites.

Methods

The Frasnian-Famennian boundary was proposed [1]
by using the brachiopod faunas mass extinction and
lithofacies changes in the Hutk section. Both biofacies
and lithofacies of the Frasnian- Famennian boundary
within the three studied sections are similar and
correlative (Fig. 2).

Since the Upper Devonian strata in the Hutk section
are well exposed and are the most complete Devonian
sections in Kerman. Brachiopod samples were taken
from this section for geochemical studies. Twenty rock
samples from the lower and nineteen samples from the
upper parts of proposed Frasnian-Famennian boundary
were collected. All samples were studied in detail for
lithostratigraphic and biostratigraphic purposes. Nine-
teen samples were sent to the Department of Geology,
Oxford University for carbon isotope analysis. Eight
samples were also analysed at the University of
Liverpool for carbon and oxygen isotopes. Results of
analyses are shown in Table 1 and Figure 4. As it has
shown on Table 1 and Figure 4, figures of height above
the proposed Frasnian-Famennian boundary are positive
and below the boundary are negative.

Results and Discussion

Measurements of carbon indicate high increase in
samples MP3d, AD7 and AD8 (4.929, 5.127 and 5.32%
VPDB) at about 10 m below and above the proposed
Frasnian-Famennian boundary. Variation of oxygen is
comparable with carbon isotopes (Fig. 4). In general,
amounts of carbon and oxygen increase from 20 m
below upward to 15 m above the boundary.

The results of carbon and oxygen isotope analyses
are shown in Table 1. According to literature [15,16],
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Figure 2. Devonian section in the study area north of Kerman (based on fossils).

the 8C'*% ranges from -4.8 to +4 permil represents
typical for shallow marine carbonate and bicarbonate.
The oxygen isotope/values vary from -3 to + 1.5 %
VPDB and indicate a shallow marine carbonate
environment. Upper Devonian boundary stages are
based on the conodont biozonation and extinctions in
other part of the world. However, conodonts are rare in
the Devonian strata of Kerman region, possibly due to
the abundance of corals, crinoids and brachiopods. The
shallow and turbulent condition of the upper Devonian
environment in this region [5] also, might be
unfavorable for the association of conodonts.

According to global researches at the end of the
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Frasnian stage, most shallow water benthonics were
disappeared. These include: (1) all shallow water corals
[18]; (2) almost all stromatoporids; (4) several families
of brachiopods [6,8]. These faunal diversifications were
also reduced or dominated through the Frasnian-
Famennian in Kerman region.

The most important elements discussed here are the
brachiopods and corals which occur widespread over a
vast area in the northern portion of the Kerman region
with a rapid evolution within the Upper Devonian. The
brachiopods of the Frasnian and Famennian stages are
quite different from each other in Kerman region.

This study shows that by the end of the Frasnian in
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Figure 3. Stratigraphic sequence and brachiopod range chart of Hutk section.

the Hutk section, 13 taxa of the brachiopods mostly of
Cyrtospirifer vanished, while the base of Famennian is
marked by the sudden rise of totally 15 new brachiopod
genera including: Ptychomatetoechia elborzensis and
Rhipidiorhynchus kotalensis (Fig. 3).

The Frasnian-Famennian bioevents in the Hutk
section exhibits about 45% extinction for the
brachiopod genera, slightly higher than that of the
Devonian Carboniferous extinction [14] and close to the
Frasnian-Famennian extinction [5,6].

A recent study [5] on late Devonian corals indicates
an extinction of most rogues and tabulate corals at or
just above the Frasnian boundary in the Gerik area, 65
km north of Kerman. Nine taxa of corals including:
Argutastrea sp. Disphyllum caespitosum, Hexagonaria
hexagona, Macgeea ponderosa and Alvolites sp. were
diminished by the Frasnian time.

Stromatoporoid fossils that have been associated wi-

thin the coral reefs of the Gerik and Haruz sections, in
west and east of the Hojedk syncline, respectively were
also disappeared before the Famennian time interval.

It is well known that the surface zone of the ocean
magnifies the response to its 8°C to the cyclical of
carbon isotopes. Overturn of an anoxic ocean may
introduce a negative excursion of 8"°C in the surface
record [9].

The cause of mass extinction at the Frasnian-
Famennian boundary in regard to the variation of carbon
isotopes [6] indicate a sudden decrease at the proposed
Frasnian-Famennian extinction boundary and then
return to positive values above this horizon (Fig. 4).
Like many parts of the world, this could explain a
biomass reduction probably due to either a meteoritic
impact or decay of organic matter or both [15]. The
isotopic variations are well correlated with the faunal
changes and their extinctions in the area (Figs. 3, 4).
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Figure 4. Carbon and oxygen isotope profile of Frasnian-Famennian boundary at the Hutk section. Numbers indicate No. of
samples. 0 = proposed boundary; — = below the boundary.

References

. Basset M.G. and Dastanpour M. Frasnian-Famennian
brachiopod faunas from south-east Iran. Documentation

Orchard M.J. and Klapper G. Mc Millan N.J., Embary
A.F. and Glass D.J. (Eds.), Devonian of the World. Can.

49

Soc. Pet. Geol. Mem. 14(3) 9-22 (1988).

Holser W.T., Geochemical events documented in inorginc
carbon isotopes: palacogeography, palacoclimatology,
palaeocology 132: 173-182 (1997).

of major extinction, -divesification and sea level changes, 10. House M.R. Faunas and time in the marine Devonian,

IGCP 421 meeting Isfahan, Iran, p. 4 (abstract), (1998). Yorkshire Geological Society, Vol. 40, part 4, No 27, pp.
. Brice D. and Nicollin J.-P. 2000 Eobrachythris Brice, 459-490 (1974).

1971, an index genus (spiriferied brachiopod) for the Late 11. House M.R. International definition of Devonian System

Devonian and Early carboniferous in Southern Anti Atlas Boundaries, Annual Conference of the Ussr Society 7. p.

(N. Africa) north Gondwana. Trav. Inst. Sci., Rabat. Serie 41-46 (1983).

Geol. and Geogr. Phys. 20: 57-68 (1971). 12. Johnson J.G. Extinction of perchedfaunuas. Geology 2:
. Dastanpour M. The Devonian Stratigraphy of Kerman, 479-482 (1974).

Southeast Central Iran. Ph.D. Thesis, University of 13. Mclaren D.J. Frasnian-Famennian Extinctions. Geol. Soc.

Bristol, 300 p. (1990). Am. Spec. 190: 477-484 (1970).
. Dastanpour M. The Devonian System in Iran: a review. 14. Mclaren D.J.. Mass extinction and iridium anomaly in the

Geological Magazine 133(2): 159-170 (1996). Upper Devonian of Western Australia: A Commentary.
. Dastanpour M. Late Devonian reef in north Kerman pro- Geology 13: 170-172 (1985).

vince. J. Sci. Uni. Tehran 22(1): 1-11 (in Persian) (1997). 15. Rollinson H. Using Geochemical Data: Evaluation,
. Dastanpour M. and Aftabi A. Palentological and Presentation, Interpretation. Longman, 352 p. (1993).

Geochemical study of the Late Devonian of Kerman, First 16. Schdilowski M., Haayes J. and Kaplan M. Isotopic

Geological Congress of the Iranian Universities (abstract, inferences of ancient biochemistries: Carbon, sulfur,

in Persian), pp. 64-66 (1996). hydrogen and nitrogen. In: Schopf J.W. (Ed.), Ealiest
. Goldsetzer H.H.J., Good Fellow W.D. and Mclaren D.J. Biospher 1-12, Princeton University Press, Princeton, N.J.

The Frasnian-Famennian extinction event in a satble pp. 149-186 (1983).

cratonic sheildsetting: Trout River, Northwest Territories, 17. Sepkoski J.J., Jr., Major bioevents during the Paleozoic

Canada, Palacogeography, Palacoclimatology, Palae- Era: A view from global taxonomic data bases.

ocology 104: 81-95 (1993). International Conference of Bio-events, 5th Abstract
. Good Fellow W.D., Geldsetzer H.H.J., Mclaren D.J., Volume, pp. 100-101 (1992).

18. Sorauf J.E. and Pedder E.H. The Frasnian-Famennian

crisis. Can. J. Earth Sci. 23(9): 1265-1287.



	Introduction 
	Regional Stratigraphy 
	Methods 
	Results and Discussion 
	 
	References 

