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Riassunto. La successione sedimentaria di etd Guadalupiana,
che affiora nella regione di Hugqf (Sultanato di Oman), comprende la
Formazione Gharif, terrigena e di ambiente fluviale e la soprastante
Formazione Khuff che rappresenta la trasgressione marina sulla for-
mazione precedente. La F Khuff & costituita da marne e calcari bio-
clastici ed & stata suddivisa in quattro membri. Essa contiene una
ricca fauna a brachiopodi, conodonti, foraminiferi, bivalvi, gasteropo-
di, ostracodi e cefalopodi. La fauna a brachiopodi della E Khuff com-
prende soprattutto generi appartenenti agli ordini Strophomenida,
Productida, Orthida e Terebratulida. I conodonti (le cui descrizioni
sistematiche sono riportate nell’Appendice paleontologica) sono rap-
presentati da Hindeodus excavatus Behnken, 1975, Merrilina sp., M.
praedivergens Kozur & Mostler, 1976 ¢ Sweetina n. sp. I foraminiferi
sono rappresentati da specie di Miliolina and Rotaliina. La fauna a
brachiopodi e conodonti permette di datare la F. Khuff al Wordiano.

L’ambiente deposizionale della F. Khuff dell’Oman sudorienta-
le corrisponde alla parte esterna di una vasta piattaforma carbonatica
che ricopre la maggior parte della Piattaforma Arabica. La E Khuff
testimonia un ciclo trasgressivo-regressivo dovuto a subsidenza diffe-
renziale. v

Abstract. The Guadalupian succession of the Hugf area (Sulta-

nate of Oman) represents a mega-sequence comprising the fluvial ter- -

rigenous Gharif Formation and the overlying marine Khuff Forma-
tion. The Khuff Fm. is subdivided into four members and is compo-
sed of marls and bioclastic limestones. The Khuff Fm. yields a rich
fauna of brachiopods, conodonts, foraminifers, bivalves, gastropods,
ostracods and cephalopods. The brachiopod fauna of the Khuff Fm.
includes strophomenids, productids, orthids and terebratulids. The as-
sociated conodont fauna includes Hindeodus excavatus Behnken, Mer-
rilina sp., M. praedivergens Kozur & Mostler, and Sweetina n. sp. (sy-

stematic descriptions of conodonts are given in the Paleontological
Appendix). Foraminifers are represented by species of Miliolina and
Rotaliina. The Khuff Fm. is given a Wordian age, based on brachio-
pods and conodonts. '

The depositional environment of the Khuff Fm. of southea-
stern Oman corresponds to the outer shelf of a large carbonate
platform covering most of the Arabian Platform. The Khuff Fm. is
interpreted as a major transgressive-regressive cycle related to differen-
tial subsidence.

Introduction.

The Guadalupian Khuff Formation from southea-
stern Oman was deposited on the Arabian Shelf in a
shallow carbonate platform facing the Neotethys sprea-
ding ocean. The Khuff Fm. is characterized by white
and grey marly and bioclastic limestones containing a
very rich and varied faunal assemblage, including bival-
ves, brachiopods, conodonts, foraminifers, gastropods,
nautiloids, ostracods and trilobites.

A first description of the Khuff fauna from sout-
heastern Oman was given by Hudson & Sudbury
(1959), who named it as the Lusaba fauna, a name deri-
ved from the Wadi where this fauna was collected.

The present preliminary report deals with the de-
scription of the Khuff Formation and part of its fauna
(brachiopods, conodonts and foraminifers) from the
Hugf area in southeastern Oman (Fig. 1). Systematic de-
scriptions and plates of the Khuff conodonts are provi-
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Fig. 1 - Geologic sketch map of the

Haushi-Hugf area, southea-
stern Oman (modified from
Broutin et al. 1995). The
square indicates the area rep-
resented in Fig. 2.

Bucher, H. Al Hashmi, J. Mar-
coux, J-P. Platel and J. Roger)
supported by the Peri-Tethys
limited
collections have been done by
A. Pillevuit, J.P. Platel and J.
Roger in 1991.

Bivalves and ostracods
from the Khuff Fm. of southea-
stern Oman are being described
by Dickins (submitted) and Cra-
squin et al. (submitted), respec-
tvely.

Programme, = whereas

Geological setting.

The Sultanate of Oman
forms the southeastern margin
of the Arabian Plate, delimited
by the oceanic crust of the Ara-
bian Sea and Gulf of Oman.

The Huqf area is located in the
southeastern Interior Oman
(Fig. 1) and belongs to the au-
tochthonous sedimentary cover
of the Arabian Platform.

Late Paleozoic rocks are
well exposed along the western

—rw

Miocene to Quaternary SRR

Paleocene - Eocene

// Campanian - ———
// Maastrichtian 1

ded in the Paleontological Appendix by A. Nicora. Sy-
stematic descriptions of the Khuff brachiopods will be
published as a separate paper (Angiolini & Bucher, in
progress), whereas a brief account on foraminifers by D.
Vachard is here included.

Most of the fauna presently studied was sampled
in 1995 by a team' (L. Angiolini, A. Baud, ]. Broutin, H.
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in 1995 by a team (L. Angiolini, A. Baud, J. Broutin, H.

R aiahhad

Triassic to Cenomanian

Late Paleozoic

Proterozoic to
Early Paleozoic

side of the uplifted Hugf massif
(Le Metour et al., 1994) and
their stratigraphy has been revi-
sed in detail by Dubreuilh et al.
(1992) and Roger et al. (1992).
According to these authors and
to more recent papers (Broutin
et al., 1995; Angiolini et al.,
1996; Angiolini et al. 1997; Cra-
squin et al. submitted, and Cru-
meyrolle at al., 1997), the Car-
boniferous to Permian succes-
sion of the Huqf area consists
of two mega-sequences separated by a regional unconfor-
mity, recording two major transgressive events respecti-
vely controlled by the last phase of the Gondwanan de-
glaciation and by the opening of the Neotethys.

The first mega-sequence (Haushi Group) compri-
ses the Lower Permian glacio-lacustrine deposits of the
Al Khlata Formation overlaid by the transgressive mari-

Al Khlata Formation overlaid by the transgressive mari-
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Location of the sections
along the western flank
of the Haushi uplift
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Fig.2 - Geographic location of the 5

stratigraphic ~ sections  on

which the composite section
of Fig. 3 is based (drawn
from aerial photograph).

- five sections (from west
to east: section 9, section 5, sec-
tion 1, section 7 and section
7bis), located between
21°00°37” N-57°39’35"E  and
21°02°06"N-57°41°23"E, along
the north-western flank of the

" Haushi uplift (Fig. 2).

The best outcrops of the
Khuff Fm. are represented by
the latter five sections, which
have been correlated by conspi-

cuous lithological markers -in

ne sandstones and limestones of the Saiwan Formation,
Sakmarian in age (Angiolini et al., 1997). This mega-se-
quence disconformably overlies the Lower Paleozoic se-
ries.

The second mega-sequence (Akhdar Group), rests
unconformably on the Haushi Group and includes the
fluvial shales and sandstones of the Gharif Formation
followed by the marine marls and bioclastic limestones
of the Khuff Formation. The age of this mega-sequence
spans the ?Roadian to Wordian time interval (Broutin et
al,, 1995; this paper). The Gharif Fm. represents a
hydrocarbon reservoir of the Ghaba salt basin, one of
the major petroliferous region of Oman (Crumeyrolle at
al., 1997). In the Hugqf area, the Khuff. Fm. is capped
by the continental sandstones and siltstones of the Min-
jur Fm, whose age is poorly constrained (Triassic to Ju-
rassic). The sharp transition between the Khuff and the
Minjur Fms. corresponds to an angular unconformity.

The Khuff Formation in southeastern Oman.

The Khuff Formation was formally introduced by
Steineke et al. (1958) to encompass Late Permian carbo-
nate rocks of Central Arabia. A synthesis of the Khuff
Fm. of south-central Saudi Arabia has been recently
published by Al-Aswad (1997).

The Khuff Fm. of the Hugf area (southeastern
Oman) has been studied along several sections (Fig. 1):

- section HQF1 located 8 km south-west of the
Saiwan 1 oil well, along the jeep trail to Ghaba;

- section TBQ2392 located about 90 km south of
Saiwan;

- section AJZ2347 located 12 km south of the pre-
vious one; :

v e nt e e e oo

e e mr -

vious one;

the composite section of Fig. 3.

Lithology.

In the Hugf area, the Khuff Fm. conformably
overlies the bioturbated sandstones of the uppermost
Gharif Fm. The Khuff Fm. reaches a maximum thic-
kness of 30 to 40 m and consists of sandstones, marls
and bioclastic limestones very rich in brachiopods, co-
nodonts, foraminifers, ammonoids, trilobites, gastro-
pods, bivalves and ostracods. The sharp base of the non
marine sandstones and claystones of the Minjur Fm.
cuts across the Khuff Fm. with a regional angular un-
conformity.

The Khuff Fm. 1s subdwnded into four members,
from bottom to top:

- bioclastic quartzarenites with wave ripples, pas-
sing upward to marly and bioclastic limestones (Mb. 1);

- laminated and bioturbated marls and marly lime-
stones (Mb. 2);

- marls, marly limestones and cross- bedded biocla-
stic limestones (Mb. 3);

- coarse bioclastic limestones with bioturbated sil-
ty and quartzose marls (Mb. 4).

The fossiliferous levels are widespread throughout
all the members and are particularly abundant in the
first and fourth members.

Brachiopods.

The brachiopod fauna of the Khuff Fm. is nume-
rically dominated by the quasi-infaunal productids Cele-
betes sp., Dyschrestia sp., Juresania omanensis Hudson & -
Sudbury, 1959 and Linoproductus aff. kaset: Grant, 1976.
Terebratulids belonging to the genus Dielasma are also
common. The productids Kozlowskia tescorum (Hudson
& Sudbury, 1959), Bilotina sp. and Grandaurispina sp.,
the orthid Orthotichia cf. bistriata Reed, 1944, the stro-

- e m gy m— gy =

T s wmreseeeoo- oop -r-

the orthid Orthotichia cf bzstrmta Reed, 1944 the stro-
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phomenids Perigeyerella sp. and Derbyia cf. diversa Reed,
1944 and the chonetid Neochonetes (Sommeriella) arabi-

~ cus (Hudson & Sudbury, 1959) are subordinated. Speci-

mens of Haydenella sp., Calliprotonia sp., Magniplicatina
sp., Cyclacantharia sp., Acritosia sp., Cleiothyridina cf. se-
riata Grant, 1976, and Hemiptychina sp. are very rare.
This fauna shows strong affinities with the brachiopods
of the Amb Fm. of Salt Range, Pakistan (Waagen, 1882-
1885; Reed, 1944) and those of the Rat Buri Limenstone
of South Thailand (Grant, 1976). _

. The Khuff brachiopod fauna is a mixed/transitio-
nal fanua in the sense of Shi et al. (1995), comprising
wide-ranging  (Orthotichia, Derbyia, Linoproductus,
Cleiothyridina, and Dielasma), Tethyan (Perigeyerella,
Haydenella, Kozlowskia, Calliprotonia, Grandaurispina,
Cyclacantharia, Acritosia), Gondwanan (Sommeriella and
Dyschrestia) and endemic genera (Celebetes and' Bilotina).
The dominance of Tethyan genera suggests warm/sub- -
tropical climate conditions. - '

Conodonts.

The conodont fauna described by A. Nicora in
the Paleontological Appendix was obtained from very
small samples, mostly derived from the matrix of bra-
chiopods. Although conodonts are rare, possibly becau-
se of sample size, some biostratigraphically significant
species have been recovered. The conodont assemblage
detected in samples OL7, OLS8, OL9, OL12, OL27 (Fig.
2) consists of Hindeodus excavatus Behnken, 1975 sensu

- Wardlaw & Collinson (1984), Merrillina sp., M. praedi-

vergens Kozur & Mostler, 1976, and Sweetina n. sp. of
Wardlaw (pers. comm., 1998). This assemblage is mostly
similar to. that of the Amb Fm. of Salt Range (Pakistan)

- described by Wardlaw & Pogue (1995).

As for the Khuff brachiopods, also the conodonts
record a. mixing of cool water (Merrillina) and Tethyan
(Sweetina) faunal elements. '

Foraminifers.

Bioclastic packstones of the Khuff Fm. contain
the following assemblage: ,

a) Metazoa remains: gastropods, bivalves, conula-
ria, bryozoa, spines of brachiopods (productids and
athyridids), ostracodes, crinoids and bone fragments;

b) Algae: Permocalculus cf. tenellus (Pia, 1935);

c) Pseudo-algae: Stacheoides sp. '

d) Foraminifera: '

Fig.3 - Composite section of the Khuff Fm. along the north-we-
stern flank of the Haushi uplift. OL numbers represent
fossiliferous levels. Sample OL9 is not shown on the com-
posite section, being collected in the scree of level OLS.

LUSOUIILAL U AL TLAS. VALY Nrdes 13 L6UL JLIU WL WAL Laiv wuass

posite section, being collected in the scree of level OLS.

;
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Endothynda:

- Diplosphaerina ex gr. inaequalis (Derville, 1931)
- Earlandia ex gr. minor (Rauzer, 1948);
Miliolina:

- Calcitornella sp.

- Hemigordius ex gr. permicus (Grozdilova, 1956)
Rotaliina Nodosariacea:

- Nodosaria sp.

- Geinitzina spp.

- Pachyphloia robusta Miklukho-Maclay, 1954

- Dentalina cf. ampullacformis Zolotova & Shiryaeva, 1982
- Rectoglandulina salebra Baryshnikov, 1982

- Langella lepida Wang, 1988

- Langella elongata Wang, 1988

This assemblage is relatively similar to that of the
Chihsia Fm. of South China and of the Kungurian of
Urals.

Depositional environment and cyclicity.

The Khuff Fm. represents the onset of a carbona-
te shelf, on top of the coastal-plain deposits of the Gha-
rif Fm. More precisely, the first member represents a
transgressive shallow water marine environment with
flood sediments reworked by waves and/or tidal cur-
rents; the second member records a significant drawning
below storm wave base, in a depositional setting of the
outer shelf; the third member suggests deposition above
wave base, occasionally affected by storms; the fourth
member suggests a shallow-water carbonate shelf.

The entire Khuff Fm., with the exception of the
base. of the first member, has been probably deposited
on the outer shelf of a large carbonate platform. This is
in accordance with the conodont distribution (Kozur,
1995; Wardlaw, 1995) and it is also supported by the

palaeoecological analyses of the brachiopod fauna: the -

first member, with abundance of chonetids, represents
the marine transgression on the continental Gharif Fm.;
the second and third member, dominated by quasi-infau-
nal productids-and cool water conodont elements, sug-
gest rather deep muddy bottoms, occasionally affected
by storm action, reworking and accumulating brachio-
pods and molluscs; the fourth member, with increase of
attached forms (e.g. terebratulids) mostly disarticulated,
indicates shallow-water, turbulent sandy bottom condi-
tions.

This interpretation agrees with the Khuff Fm. de-
positional models by Al Jallal (1994, p. 113) and Al-As-
wad (1997, p. 319), with an inner shelf in the west (co-
vering most of the Saudi Arabia), an outer shelf in the
east (Oman) and a shelf margin (coral-algal buildups),
slope and basin in the Oman Mountains (Hawasina nap-
pes) and Iran, the Hugf area being located in the outer
shelf.

Facies evolution of the Khuff Fm. indicates an
asymmetric transgressive-regressive cycle, with a distinc-
tively rapid drowning phase of the carbonate shelf

tively rapid dx;owning phase of the carbonate shelf

(abrupt transition from the shore face Mb. 1 to the off-
shore Mb. 2). In fact, according to Broutin et al. (1995,
p- 1073), the uppermost Gharif Fm. and the basal Khuff
Fm. (i.e. the Mb. 1 and the lower part of Mb. 2) repre-
sent the Transgressive Systems Tract, the Maximum
Flooding Surface being recorded in the lower part of
the second member of the Khuff Fm, whereas the third
to fourth members are interpreted as Highstand Systems
Tract. This transgressive-regressive cycle. may corre-
sponds in part to the first of the four third-order cycles
recognized by Al-Aswad (1997) in the Khuff Fm. of
Saudi Arabia. According to Al-Aswad (1997), Cycle 1
lasts 4,08 million year and, as the other three cycles, is
related to differential tectonic subsidence associated with
the opening of the Neotethys.

Age.

In the present paper, the nomenclature of Per-
mian series and stages approved by thé Permian Sub-
commission of ICS and published by Jin et al. (1997) is
followed. As the correlation of the newly proposed clas-
sification (Jin et al., 1997) and the Tethyan Scale (Leven,
1980; 1981) needs clarification, the references to the
Tethyan stages by previous authors are preserved in
their original forms. However, a tentative correlation of
the Guadalupian with the Kubergandian-Midian stages
of the Tehyan Scale (Leven, 1980) is attempted in Table
1. According to the:revision of Kotlyar & Pronina
(1995), the mid-Permian Tethyan stages sensuz Leven
show inconsistencies in their own definitions and the
Murgabian must be restricted only to the Neoschwageri-
na craticulifera Zone. In fact, the Midian: sensu Leven
(1980) ‘1s partially overlapping with the Murgabian sen-
su Leven (1980) (i.e. the lower Yabeina-Lepidolina Zone
coincides with the N. margaritae Zone) and the interpre-
tation of the Kubergandian has been changed several
times (Kotlyar & Pronina, 1995, p. 26).

The age of the Khuff Fm. from southeastern
Oman was considered Late Artinskian or not younger
than Early Permian by most authors (e.g. Hudson & -
Sudbury, 1959; Archbold & Burrett, 1990; Grant, 1976;
Shi et al., 1995; Archbold & Shi, 1995), while Du-
breuilh et al. (1992), Roger et al. (1992), Dickins (1992),
Le Metour et al. (1994), Broutin et al. (1995) and Al-As-
wad (1997) assumed a Late Permian age.

In the present paper, the Khuff Fm. from southea-
stern Oman is dated as middle Guadalupian and more
precisely as Wordian [roughly corresponding to Murga-
bian sensu Kotlyar & Pronina (1995) (Neoschwagerina
craticulifera Zone) of the Tethyan scale (see Table 1)], as
indicated by the brachiopods, conodonts, foraminifers
and bivalves (see Dickins, submitted, for the age of the
bivalves). : ‘

o

bivalves).
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Tab.1 - Mid-Permian (Guadalupian)

Leven 1980 |Kotlyar & Pronina1995| Fusulinids | Jinetal. 1997 correlations ~ among  the

Tethyan scale semsu Leven

, (1980, 1981), the Tethyan

Lepidolina scale as revised by Kotlyar &

MIDIAN MIDIAN Y. globosa CAPITANIAN Pronina. (1995) and the Per-

. ‘ . mian  chronostratigraphic

N. margaritae IR subdivisions by Jin et al

Y. archaica (1997). As the Tethyan scale

T is ‘based on fusulinids, also

: » WORDIAN the fusulinid zones are re-

MURGABIAN MURGABIAN | N. craticulifera ported. IR is the position of

- the Mlawarra Reversal accor-

ding to Glenister & Wardlaw

i . (1998). The dotted area rep-

N. simplex : resents the overlapping be-

KUBERGANDIAN Canceli ROADIAN twéen the late Murgabian

KUBERG. Lanceiiina and the early Midian in the

Armenina Tethyan scale sensu Leven

The brachiopods of the Khuff Fm. are dated to the
late Roadian-Wordian on the basis of the occurrence of:

- taxa similar to those of the Roadian-Wordian
Amb Fm. (age assignement according to Wardlaw & Po-
gue, 1995; Wardlaw, pers. comm.), such as O. df. bistria-
ta, D. f. diversa, the genus Bilotina and species of the
genera Dielasma and Hemiptychina;

- taxa similar to those of the Rat Buri Lmst. of
South Thailand (Kubergandian to Dzhulfian in age ac-
cording to Fontaine & Suteethorn (1988) with a Kuber-
* gandian age for the brachiopod beds) such as L. aff. kase-
ti, C. cf. seriata and the genera Celebetes and Dyschrestia;

- Perigeyerella, which is confined to the Late Per-
mian (Williams et al., 1965)

- Haydenella, widespread in the mid to Lane Per-
mian Amb, Wargal and Chhidru Fms. of Salt Range (Pa-
kistan) (Waagen, 1882-1885; Reed, 1944; Grant, 1976)
and in the Late Permian of South and East Asia (Diener,
1915; Yanaglda 1964; Fantini Sestini, 1965; Ruzhentsev -
& Sarycheva, 1965; Grant, 1976);

- Cyclacantharia, restricted to the Guadaluplan of
‘West Texas (Cooper & Grant, 1975);

- the tiny species N. (8.) arabicus, as small repre-
sentatives of Neochonetes are characteristic of the Kungu-
rian and subsequent stages, accordmg to Archbold
(1981);

(1980).

- Cleiothyridina of the sulcate type; which, accor-
ding to Dickins et al. (1989), indicates a Kazanian age.

The conodont assemblage detected in the lower-
middle part of the Khuff Fm. (samples OL7, OLS,
OL9, OL12, OL27) suggests a late Wordian to Capita-
nian age (Wardlaw & Pogue, 1995; Kozur, 1995; War-
dlaw and Kozur, pers. comm.). In particular, the Oman
specimens of Hindeodus excavatus are mostly similar to
those described by Wardlaw & Collinson (1984) from
the Word and Capitan Fms. of West Texas and to a spe-
cies of Hindeodus found in the Amb and Wargal Fms. of
Salt Range, Pakistan (Wardlaw & Pogue, 1995; Wardlaw,
pers. comm.), whereas M. praedivergens ranges from the
late Wordian to the Capitanian.

According to Dickins (submitted), the bivalve as-

‘ semblage suggests a Kubergandian to Murgabian age.

Due to the lack of fusuhmds the foraminifer as-
semblage cannot support a more precnse ‘age than Ar-
tinskian to early-Wordian. The oldest age (le. Ar- :
tinskian) is constramed by the occurrence of genus Lan- _
gellz, which appears in the Artmsklan in South China;

~ the younger age (ie. early Wordian) is inferred by the

absence of strong modifications in the Nodosariacean
assemblage, which occur later in the Wordian.

PLATE 1

(All specimens x 100).

Hindeodus excavatus Behnken sensu Wardlaw & Collinson (1984) - 1a, b Pa element, lateral and oblique/lower view; 2, 3 Sc

Hindeodus excavatus Behnken sensu Wardlaw & Collinson (1984) - 12a, b, Pa element, lateral and obllquc/ lower view; 13, Pb

Fig. 1-3 -
elements, lateral view (OL7):
Fig. 46 - Merrilina sp. - Sc elements, lateral views (OL7).
Fig.7-8 - Hindeodus sp. - Pa element, lateral view and Pb element, lateral view (OLS).
Fig. 9 - Merrillina sp. - Sb element, inner lateral view (OLS).
Fig. 10 - Hindeodus sp. - Pa element, lateral view (OL9).
Fig. 11 - Merrillina sp. - Sa element, lateral view (OL9).
Fig. 12-15 -
element, lateral view; 14, Sa element, posterior view; 15a, c, f, Pa element, inner, upper and outer views (OL12).
Fig. 16-18 - Merrilina sp. - 16 Sc element, inner view; 17, M element, posterior view; 18, Sc element, lateral view (OL12).
element, lateral view; 14, da element, posterior view; 15a, ¢, t, I’a eiement, 1nner, upper and outer views (UL 1Z).
Fig. 16-18 - Merrilina sp. - 16 Sc element, inner view; 17, M element, posterior view; 18, Sc element, lateral view (OL12).
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In conclusion, if the brachiopods and the bivalves
both support a Roadian-Wordian- age; the conodonts and
the foraminifers pomt out an age difference: the former
1nd1catmg an age no older than late Wordian' and ‘the
latter suggesting an age no younger than early Wordian.
As ‘this is only a: prehmmary report and the Guadalu-
pian correlatmns are not yet firmly established, we pre-
fer at. present to suggest a general Wordian - age for the
Khuff Fm. :

Concluswns

“ The marme marls and bloclasnc limestones of the
Khuff ‘Fm. of southeastern Oman record the marine
trangression on the continental Gharif Fm. with the in-

stallation of a large carbonate platform which drows ra- -
pidly below storm ‘wave base and then return to shallow

water conditions. Both brachiopods and cohodonts re-
cord a mixing of cool water and warm fanual elements:
the dominance of Tetliyan genera suggest subtropncal clr-
mate conditions. - :

The rich fauna of the Khuff Fm. mdxcates a \Vor— :
dian age, thus datmg in southeastern Oman the mid-
Permian global regression ‘and subsequent transgression
recognized by Dickins (1997) and associated by the aut-
hor to the Hunter-Bowen Orogenic Phase. -

The varied fauna of the Khuff Fm. is of particular

- im_portance in: estalglz_shmg mid-Permian correlation. -In

fact, the concomitant occurrence of conodonts; brachio-
pods, molluscs and foraminifers make correlation easy
both with the paleotropical and the high latitude- re-
gions. The southeastern Oman fauna can thus be corre-
lated ‘with the mid-Permian faunas from Iran to South
Tha.lland and ‘with the Guadaluplan of West Texas

: PALEONTOLOGlCAL APPENDIX
by A. Nicora

Conodorlt systematic descnptnons.

" All the descnbed specxmens are housed in the Pa-
leontologxcal Museum of the University of Milan, Italy:
Field numbers of single fossﬂrferous beds [OL preﬁxed_
(Fig. 3)] are reported

Genus Merrillina Kozur,1975
Type-species. Merrillina divergens (Bender & Stoppel, 1965)

Memllina praedivergens Kozur & Mostler,1976
PL 2 f' ig. 1, 46

1971 Neo:patbodus dwergms Clark & Behnken, p- 436-437, pl. 2,
fig. 6. :

1976 Merrillina pmedwergem Kozur & Mostler, p. 11, pl. 1, fig: 8.

1984 Merrillina’ divergens - Wardlaw &: Collmson, p 269 pl 3
fig. 1-3 : :

Matenal <2 Pa elements and several ramiforms:

OL27.

~ Occutrence ‘and age - Secnon 7: OL27 Khuff.

» Fm‘ Wordian.

_ Description - A specres of Merrzllma charactenzed
by a Pa element with a thick, long cusp posrenorly di-

. rected and weakly inclined toward the base; with 3 mias-
sive, thick, short denticles, partly fused the two in the

middle, decreasing in size anteriorly. Basal cavity broad,
laterally expanded, with roughly triangular-shape. The
ramiform elements of the apparatus that are similar to
those of M. galeata arid"pdrtly of Stepanovites (in the lat-
ter form larger, more robust and with stronger flaring
basal cavmes) are ﬂlustmted on plates 1 and 2.
Discussion - The species is represented in the ma-

‘terial at hand only by two Pa elements. With respect to

the compared or xllustra;ed material, the unit seems. to
be broader, has no’ postenor denticles, the cusp is.con- -
siderably larger and longer than following, denticles and
slightly inclined. Wlth respect to M. divergens (Bender

- & Stoppel), the cusp is conspicuously longer and the

blade is longer and lower. Originally Kozur & Mostler

PLATF. 2

(All specimens x 100).

Fig. 1, 46 - Merrillina praedwergens Kozur 8 Mostler - 1a, b, Pa element, lateral and obllque/lower vnews, 1d, enlargment of 1b; 4-5, Pb

" elements, lateral views; 6, Sc element, lateral view (OL27).

Fig. 2-3, 7, 9-11 - Hindeodus excavatus Behnken sensu Wardlaw & Collinson (1984) - 23, ¢, f, Pa element, inner lateral, upper and outer lateral
views; 3a, b, Pa element, outer lateral and upper views; 7, Sc element, lateral view; 9; Sc element, lateral view; 10, M element,

posterior view; 11, Sc element, lateral view (OL27).

Fig.8 - Sweetina n. sp. of Wardlaw' (pers. comm., 1998) - Pa element, inner view (OLZ?)
Fig. 9, 10 - Merrillina praedivergens Kozur 8 Mostler - 9, Sc element, lateral view; 10 M element, posterior view (OL27).

Fig. 11 - Merrillina sp - Sc element (OL27).

Fig. 12 - Hindeodus excavatus Behnken sensu Wardlaw 8& Collinson (1984) - 12a, b, e, Pa element yuvemle form, lateral, lateral/lower and

lower views (OL50).

Fig. 12 - Hindeodus excavatus Behnken sensu Wardlaw & Collmson (1984) - 12a, b, e, Pa element, juvenile form, lateral, lateral/lower and

lower views (OL50).
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(1976) included only specimens with 12 denticles be-
hind the cusp in the species, but this feature is variable

and there occur also forms of M. pmedwergens without.
denticles behind the cusp (Kozur pers. comm.). Further-
more, Wardlaw & Collinson (1984) illustrate forms with,

and. wnhout a denticle behmd the cusp from the same
sample suggestmg this is not a dlagnostlc feature for tl'us
species. -

Other occurrences Memllzm pmedwergens was
originally described by Kozur & Mostler (1976) for a

specimen” figured by Clark & Behnken (1971) from the
upper Gérster Formation (Capitanian) of Nevada. ‘War-

‘dlaw & Collinson (1984) reported the ‘species under
Merrillina dwergens (Bender & Stoppel) from the upper
Wordian part of the Phosphena Formation of Wyoming,

In this material one specimen has a denticle behind the

cusp as in the holotype, -whereas two specrmens have no

denticles behmd the cusp as in the present material from 0
southeastern Oman. According to Kozur (1995) the spé»

cxes-range is late Wordian o Capitaman.

Gcirius“ ‘Hindeodus Rexroad & Furnish,1964  °
. Type—species;i Hindeodus cri:tulur (Youngguist &’Millér?1'94.9)

Hindeodus excavatus (Behnken, 1975)
Pl 1, fig. 1-3, 12-15; PL 2, fig. 23, 7,.9-12. '

1975 Ellzsoma excavata Behnken, p- 302, pl. 1, ﬁg 9-14.

1975 Anchignathodus minutus - Behnken, p. 297, pl. 1, fig. 16-18.

1984 Hindeodus excavatus - Wardlaw & Collinson, p. 268-269, pl 5,
fig. 1, 2, 49. .

* Material - 7 Pa elements and several ramlforms
OL7, OL12, OL27, OL50. R

~ Occurrence and age - Section 1: OL7 sectxou 5:
OL12; section 7: OL27. Khuff Fm., Wordian.

. Description - A species of Hindeodus characterized
by Pa element with a- relatively. short: posterior blade
that bears 6-8 short, massive conical denticles, fused at
the base but distinctly separated at apex, that gradually
and slowly decrease in size toward the posterior -end.
Cusp large, but not thickened, about one/third longer
than the denticles. In juveniles and in stratigraphically
higher specimens the basal cavity is w;de beheath the'»
posterior blade. : BEEE

Dlscusswn - According to personal commumca- '
tion of Dr. Wardlaw, this species belongs to a new spe-
cies from the Word and Capxtan Fms of West Texas.

~ However, as this new species has not been publlshed
yet, it was suggested to refer the Oman specimens to

Hindeodus excavatus Behnken as figured by Wardlaw &
Collinson (1984), in order to avoid the ‘intrody of
nomina nuda. The apparatus of this sp

‘sented, in our materlal by few brok.é",v Ds and
" elements. Pa elements of this 'speties d1ffer from those
of H latzdentatus Kozur, Mostler & Rahxml-Yazd, 1975

because denticles are less discrete, the ‘cusp. is- shorter
and relatlvely fused to the anteriormost dentlcle R
- Other occurrences - According ‘to Wardiaw (pers
comm) the specxmens ‘of Hindeodus excavatus from
southeastern Oman are similar to those found in the
Roadian-Capitanian formations: of West Texas by War-

dlaw & Collinson (1984) and in the Amb and Wargal

Fms. of Salt Range, Pakistan (Wardlaw & Pogue, 199%).
According to Kozur (1995) H. excavatsis ranges fmm the "~
Artinskian to the Capn;aman '
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