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Riassunto. La parte infcriorc della sezione di Vidiakot (Chìtral,
Pakistan) comprende la parte bassa (Formazionc di Yarkhun e base

della Formazione di Vidiakot) del complesso terrigeno che sormonta
in trasgrcssione il basamento cristallino del Nord Karakorum. In que-

sta sezione, si sono ottenuti E campioni paliniferi su 15 trrrrrri; essi

contengono moderatamente abbondantj q:nche se rel.rtivamente mal

conscrvati) acritarchi e rari e mal conscrvati chitinozoi. Sono stati di-
stinte tre associazioni palinologiche, riferibili all'ìntervallo cronologi-
co Arenig inferìore-Llanvirn basale. La presenza dr Arbusculidium,
Coryphidìum e Striatotheca nella maggior parte dei campioni confcrma
l'attribuzione paleogeografica della Terrana del Nord Karakorum al

margìne settentrionalc di Gondwana (Paleoprovincia Mediterrannea ad

acritarchì dell'Ordor.iciano Inferiore-Medio). Dettagliate correlazìoni
con altre aree e con la sezionc di Ishkarwaz (alta valle dello Yarkhun,
.L:.-.r .:. .-.. r:--- :- -.. ..,1^-- - .., ,utori dr.rrse_Ps' ||lqItU||U J5,| .'I

gnare alh Formlzione di Yarkhun LÌn'età. arenigiantr, corrispondente ad

un intervallo esteso dalla parte inferìore della Zona inglese a eraptolitì
nitidus,ftno alla parte superìore della Zona a graptolìtihirundo.Labase
della sovrast:rnte Formazionc di Vidiakot viene qui correlata con I'in-
ten-allo a graptoliti hirundo ako-artus basale (Arcnig tern-rinale-inizio
Llanvirn) .

Abstdct. Tbe lor.er Vidiakot section (Chitral, Pakistan) com-
prìses the lower part (Yarkhun Formatjon and base of the Vidiakot
Fonnation) of the terrigenous compler transgressir.ell. overlving the

crystalline basement o{ Northern Karakorum. From this section, 8 of
I 5 'arnple. cunr.ìin Inoderatcìr rburrdarrt arrd poorll pre\er\ cd

acritarchs and rare, badl1. preserved chitinozoans. Three differenr p:Jr-
nological assernblages har.e been distinguished which are referable to
rhe chronoloqic:ì intcr'trl erlh Areniq-crrlic.r I l:nr irn.

The pre sence oi Arbusculidium, Coryphidiwm, and Srriarotheca
jn nrost s:mpler confìrms the palaeogeographic attribution of the

Northern Karakorum Terrane to the northe rn Gondl .rna nr.rrgin

(Lower to Middle Ordovician Mediterranean acritarch Palaeo-

province). Refined correlation r.ith other areas and with thc prcr-ìous-

lv studied Ishkars.az section (uppcr Y:rkhun Valler-. Chitral) enables

the authors the Yarkhun Formation to be dated as earll- Arcnig (British
lox,er nitidus graptolite Zone) ro Lrtest Arenig luppernrost graptolite
hirwndo Zone). The base of tl-re overivìng Vidiekot Formation is hcre

correl:ted uith the uppermost hirundo-lowermost drtus graptolite
Zones (latest Arenig-earliest Llanr.irn).

Introduction.

The granitoid pluton and its country rocks near

Ishkarwaz, north of the Karakorum Axial Batholith,
were discovered by P Le Fort and M. Gaetani jn 1,992

(Le Fort et a1.,1.994; Gaetani er a1.,1996). The Ishkar-
wa.z Pluton intrudes low grade metasediments
(quartzites) and migmatites and is covered by a trans-
gressive sequence which was analyzed for acritarchs
(Tongiorgi er a1., 1994). The terrigenous complex form-
ing the ba.e of this:edimentary succession is fairly
widespread in Northern Karakorum. However, good
sections n ith Ìittle or no metamorphic imprint are

almosL absent.

Following the discovery of Arenig acritarchs and

chitinozoans from the Ishkarwaz section in the Baroghil
area during the 1996 expedition, one of us (M. G.) meas-

ured a further section (here labelled "Vidiakot section")
along the mountain ridge between the Vidiakot Gully
and the Baroghil Pass depression (Fig. 1). This ridge
comprises the best outcrops in the Chitral area, though
the succession is truncated end partially repeated by
regional faults. The Vidiakot section was thoroughly
sampled for acritarchs. From the same area Ordovician
conodonts have been collected (Talent et a\., 1981,, 1,999,

sample J.AT1).
The present paper deals with the lower part of the

Vidiakot section (Fig. 2); its eim is to pror.ide more
information about the lower part of the sedimentary
sequence overlying the crystalline basement of North-
ern Karakorum Terrane (Searle, 1991).

Stratigraphic nomenclature.

Below the dolomitic Chilmarabad Formation, the
lower part of the sedimentary succession of Northern
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Karakorum is almost entirely terrigenous, mostly shaly.

Because all sections are influenced by folds (often isocli-
na1 and difficult to detect) or faults, a detailed strati-
graphic sequence cannot be established. However, two
units may be fairly easily identified; the lower being of
mixed shaly/arenaceous composition, the upper domi-
nated b1' biack shaies.

For part of these rocks Tahirkheli (1982) intro-
duced the term Broghil (slc) Formation. As the precise

lithosrratigr.rphic interr al defi ned by this term i'
unclear, the whole complex was informally designated
by Gaetani et al. (1996) as "Yarkhun formation". How-
ever, this use has been called in question for priority rea-

sons by Kazmi 8r Qasim (1997), u-ho prefer the term
Baroghil Formation. Actually, Tahirkheli (1982, p. 48,

text-fig. 2O) seemingly designated with his term Broghil
Formation most of the lower Palaeozoic succession.

Fig. 1 - Geographic location and

geological setting of the
Vidiakot section, Northern
Karakorum, Pakistan. A)
The rnain lectono)i rlii-
graphìc units of the Karako-
rum and surroundìngs
ranges (redrawn from Gae-

tani et al., 1996). B) Geoìog-
ical map of the Baroghil pass

area nith location of the
Vidiakot and Ishkarwaz sec-

tions (simplified from A.
Z.rnch:' geological m:p. ìn

progress).

Theref ore, to settle this
problem, and in agreement with
Talent et al. (\999), we desig-
nate Baroghiì as r "group".

comprising two formations.
The word "Broghi1" is here con-
sidered .r simple misprint for
Baroghil; accordingly, it is here

corrected. Lhough the priority
for designation of the Baroghil
unit still remains with Tahirkhe-
li (1e82).

The Yarkhun Formation
designates the mixed qra.rtz-
arenitic/slaty lower part of the
Baroghil Group and the Vidi-
akot Formation cover\ its
mostlv rl:tv rrnner DJrt. The...-"..-/"'-../-rr'..t
section described herein is des-

ignated as the type-section of
the Yarkhun Formatiorr.

As regards rhe strrti-
graphical nomenclature, we use

herein the tripartite subdivision
of the Ordivician System into Lower, Middle, and

Upper Ordovician which was established rn 1996 by
vote of Titular Members of the Ordovician Subcommis-
sion of the IUGS/ICS (Mitche11 et a1., 1997; Vebby,
1998). However, there is no international agreement on
the scope, rank, and correlation of the various proposed
series/epochs and stages/ages, including the Arenig.
Thus, we will here adopt the informal two-fold subdivi-
sions of the Arenig proposed by Harland et al. (t981);
e.g., lower/early and upper/late Arenig, u.here the latter
only comprises the British Didymograptus hirundo grap-
tolite Zone.

The Vidiakot section.

The lower part (230 m) of this section (Fig. 1) is
composed of the weakly metamorphosed (low grade)



The lower Vidiakot section
lithostratigraphy, log and samples
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Black slate with fine
sandstone

not exposeo

Splintery black slate
with silîstone nodules

Siltstone and litharenite

Coarse arkose and
microconglomerate

Brown altered siltstone

Dark splintery bioturbated
siltstone with sandstone
laminae

Medium sized sandstone

Arenaceous siltstone with
subordinate black slate

Splintery arenaceous
siltstone with sandstone
laminae. Cruziana - like
traces

Welì sorted arkose
sandstone

Sifty slate wilh Cruziana -
like traces

Very fine arkose sandslone

Siltite and thin sandstone

Dark slate

Coarse arkose

Granodiorite

VK3 - Stellifeildium
stelligerum, Lagenochi-
tina esthonica

not sampled

VKz - Arkonia tenuata,
Dicrodiacrodium anco-
ríforme, Stelliferidium
stelligerum, Striato-
theca ruilrrugulata

not sampled

VKl - Arbusculidium
filamentosum, Cory-
phidium bohemicum,
Dactylofusa veliÍera
brevis, Striatotheca
rarirrugulata, Vogt
landia flosmaris

terrigenous sediments of the lou'er Baroghil Group
(Yarkhun Formation and basal part of the Vidiakot For-
mation). This stratigraphic interval was first measured by
one of us (M. G.) along the eastern slope of the ridge

located between the Vrdiakot Gully and the Baroghil
depression, starting fron-r 405O m a.s.1.; thickness of each

distinctive bed, lithoiogy and sarnple location are rncor-

porated in Fig. 2 and Appendix 1. A prominent bed (light
coarse sandstone and microconglomerates) enabies cor-
relation of the section up to the crest at 4300 m a.s.l. The

upper limit of the Yarkhun Formation is located along

the crest, at 4305 m a.s.l. (top of bed 13; see Appendix 1).
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Fig. I - The lo*er parr "i thc Vidi-

akot section (Yarkhun For-

mation and basai lavcrs of thc

Vjdiakot Formation, Baroghil

Croup;. Tì-e .rpprorim.rte
loc.ttion oi r Pre\ iuu\ con-

odont finding (sample JAT1,
Talent et al., 1981, 1999) is

shon-ed. For eech fossil

assemblage, some representà-

tive species have been listed

(including chitinozoans) ; the

limits of thc inferred strati-

graphical rÀrlqe. rdottedì rre

somes.hat unccrtain, as dis-

cu>:ed in rhe rext.

About 100 m above the

base of the section, dark splin-
tery bioturbated siltstones
alternating with very fine sand-

stones (37 m thick) form a

prominent wall; this easv recog-

nizable, stratigraphic interval
(bed 1O; Appendix 1) may com-
prise the arenaceous limestones,
3.6 m thick, in which Talent et

:r1. (1981, 1999) found Ordovi-
cian conodonts.

The uppermost 16 m of
the Yarkhun Formation (beds

12 and 13; Appendix 1) should
correspond to the level 4 of Tal-

ent et a1. (.1.981., p.79).
Immediately succeeding

the Y,rrkhun Formation are

splintery black slates with silt-
stone\ nodulet or with very line
sandstone intercalations. The
intense cleavage in the upper

part of these strata and sorne

faulting prevent detailed thick-
ness measurement. For this unit
the term Vidirkot Formation is
here proposed.

Materials, methods and repository.

Fifte en shale samples for acritarchs were collected

from the lou.-er Vidiakot section (Fig. 2; Appendix 1)'

Al1 samples were collected from shales to siity
shlles. Serenty grrm, of each sxmple were processed

using the standard palynological method of the Palyno-

logical Laboratory of Pisa (Bagnoli et a1., 1988; Albani,

1989). Organic residues, af ter recognition of the

acritarch content, underwent a gentle oxidation using

standard Schulze solution; when necessary, HNO3 pro-
portion was slightly increased (Gray, 1965). The rim of
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this procedure was to decolourize the palynomorphs for
enhanced microphoto graphy.

The palynological slides, prefixed CPT, are

deposited in the collections of the "Museo di Storia
Naturale e del Territorio", University of Pisa, Calci
(Pisa), Italy.

In order to avoid untimeiy new combinations, the
generic attribution of the acritarch species reported in
the text is the same reported in the protologue or in the
Ìast, validly published re-combination, regardless of the
taxonomic interpretation shared by the authors of the
present paper. Similarly, names of subspecific acritarch
taxa retain the same formal rank below the species level
(ICBN art. 4) as reported in the protologue or in the last
validly published new combination. Unformal or nor
typified taxa below the species rank are cited with the
notation "sensu" before author's name.

Results.

Of the Yarkhun Formation samples (CK734,
CK735, CK736, CK737, CKZ38, CK742, CKZ43, ANd

CK745), only CKZ35 proved to be palynologically bar-
ren. Seven samples from the basal Vidiakot Forrnation
(cK747, CK748, CK749, CKZ50, CK751, CK752, and
CKZ53) proved barren with the exceprure of CK747.

A1l palyniferous samples yielded rather abundant,
dark-bron'n to almost opaque acritarchs.

The state of preservation varies from sample to
sample. An appreciable percentage of acritarchs are

strongly affected by metamorphism and pyritization,
producing corrosion, deformation, and fragmentation of
the vesicle. Samples CK734 and CK737 have better pre-
served specimens, albeit somewhat damaged. Samples
CK736 and CK738-CK747 contain badly preserved
acritarch specimens whose specific identifrcation is

sometimes quite difficult. The presence of a few frrg-
ments of chitinozoans is a noteworthy feature of sarn-
ples CKZ42, CK743, and CK747.

The vertical distribution of acritarch and chitino-
zoan species through the sampled Vidiakot secrion (Fig.
3) enables definition of three distinct, stratigraphically
successive, palynological assemblages (Fig. 4), as follows.

Assemblage VK1 .

Description - This assemblage is characterized by
the following acritarchs: Arbusculidium filamentoswm
(Vavrdoví, 1.965) Vavrdoví, 1972, Coryphidìwm
bohemìcum Vavrdoví, 1,972, Dactylofusa z;elifera Coc-
chio, 1982 [orma brevis sensu Albam, 1,989, Strìatotheca
rarirrugulata (Cramer, Kanes, Díez &. Christopher,
1974) Eisenack, Cramer &. Díez, 1976, and Vogtlandia

flosmaris (Deunff, 1977) Molyneux, 1.987 . Characteristic
attributes of this assemblage include numerous diacrodi-
ans (principally referable to the Acantbodiacrodium
costdtum group), as well as the common presence of
Polygonium spp. In addrrion, rccompanying raxa
include:

Acanthodiacrodíum costdtbm group Je27su Cramer, 1,977

Acanthodiacrodium tasselii Martin, 1969

Adorfia firma Burmann, 1920

Ampullula ercbunensis (Fang, 1986) Brocke, 1998

Arbusculid.ium spp.
Baltisphaeridium spp.

BarakelÌa sp.

B u edi ngiisp haeri d ium tre mado c um Rasu| 197 9

Coryphìdium baralea Craner tt Díez, 7976

Coryphidium elegans Cramer, Allam, Kanes kDíez, 1.974

Coryphidìum tadLa Cramer 8rDíe2., 1976

Cristal/ínium dentatum (Vavrdoví, 1926) Fensome, Graham, Barss,

Freeman E Hill, 1990

Cymatíogalea granulúta Vavrdoví, 1 966

Kladotbe cidium elígntos um (Vavrdoví, 1 923) Vavrdoví, 1 986

Micrhystritlium spp.
Multiplicisphaeridium irregulare Staplin, Jansonius & Pocock, 1965

M w ltip licisp h aeridiun spp.
PetaLoferidium bulliferum Yin, Di Milia & Tongiorgi, 1998

Petaloferidium llorigentm (Vavrdoví, 19ZZ) Fensome, Graham, Barss,

Frceman t Hill, 1990

Peteinosp haeridium spp.

Picostella turgidaYrn, Di Milia Ei Tongiorgi, 1998

PLATE 1

All figures xi000

Fìg. 1,2

Fig. 3, I

Fig. s
Fig. 6
Frg.7
Fig. 8
Fig. 9, 10

- Arbusculiclium filamentosum (Vavrdor.í, 1965) Vavrdoví, 1972. Fìg. 1) sample CK734, CPT7O2A21.-A2, E.F. F.13-3; Fìg. 2) sample
cKz31, cPT 7 A2021 -A1, E.F. L42.

- ArkoniatenudtaBu(n7ann, 1,97A. Fig.3) san.rple CK712,CPT7A2A2.6-A7,E.F.L23-31M23-1;F'ìg. a) sample CK742, CPT7A2O26-06,
E.F. M27-4/N27-2.

- Ampullula erchunensis (Fang, 1986) Brocke, 1998. Sample CK736, CPT7A2O23-04, E.F. N23-3.
- Cen. et sp. ind. Sample CKZ45, CPT702028-01, E.F. Q4/-1.
- Coryphidium tadla Cramer & Díez, 1926. Sample CK731, CPT702A21-01, E.F. O13-1.
- CorypLidium bohemicum Vavrdoví, 1912. Samplc CK/3,+, CPT7O2A2f-A1, SEM, E.F. L38.

ll -Cristalliium dentatum (Vavrdoví, 1976) Fensorne, Graham, Barss, Freeman & Hill, 1990. Fig.9) sample CKT3+, CPT7O2021-02,
SEM, E.F. L38-3; Fig. 1O), sarnple CK734,CPT7A2A2\-A1, E.F. M29-2; Fig. 1.1) sample CK734,CPT7A2A21-A1, E.F. c28-1.

- Coryphìdiun elegans Cra.mel Allam, Kanes tr Díez, 1974. Sample CKZ34, CPTTA2AT-A1, E.F. P44-.+.

- Cymatiogalea granulata Vavrdoví, 1966. Sample CK734, CPT7AZA21-A1, E.F. V40-'.
- Dactylofwsa v-elifera Cocchio, 1982 forma bretis sensu AÌbani, 1989. Sample CK/34, CPT7O2A21-A1,8.F.T45-4/T16-3.

Fìo

Fio
Fio

11

12

11
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Po\goníum dentatum (Timoleei.l 1959 cx Konzaloví-Maz-ankoví, 1969)

Albani, 1989

Polygonium gracile Yavrdovi, 1966
Polygonium radiatusum Yin, 1986

Schizodiacrodiun sp. cf. S. ramiferum Burmann, 1968

Scbiz-odiacrodium sp.
Stellechinatum uncinatum (Downie, 1958) Molyneux, 198/
Stelli;t'eridìum stelligerum (Górka, 1962 emend. Martin, 1912) emend.

Deunff, Górka 3r Rauscher, 1924
Striatotbeca mìcrorugulata (Var-rdor'í, 1972) Martin, 1977

Srriatotheca monorugulata Yin, Di Milia & Tongiorgi, 1998

Striatotheca princìpalis Burma.nq 19lO subsp. parza (Burmann, 19ZO)

NIartrn,1977
Striarotheca rugosaTongrorgi, Yin & Di Milia, 1995
Tongzia meitana L1, 1987

Tongzia oatrdor.,ae Yin, Di Milia & Tongiorgì, 1998

Vaudotella areniga (Yatrdr:li, f973) Loeblich & Tappan, 1926
Veryhachium trìspittosum (Eise nack, 1938) Stockmans & \Villière, 1962
Veryhachium spp.

Villosacapswla ? sp.

Occurrence - Samples yielding assemblage VK1
come from the lowermost part of the Yarkhun Forma-
tion, transgressively overlying the Ishkarwaz Granodi-
orite, as follows: sample CK734 (6.30 m above secrion
base); sample CKZ36 (16 m); sample CK737 (about 20
m); sample CK738 (from the same bed of sample
CK737,laterally and roughly at the same level).

Assemblage VK2.

Description - Assemblage VK2 is characterized by
the first occurrence of the acritarchs Arkonia tenuata
Burmann, 197a, Awreotesta clathrata Vavrdoví, 1972 var.
simplex (Cramer, Kanes, Díez &. Christopher, 1924)
Brocke, Fatka & Servais, 1,997, Dìcrodiacrodtum ancorr
forme Btrmann, 1968 emend. Servais, Brocke & Fatka,
1996, and Orthosphaeridium sp. [possibly referable to O.
ternlfium (Burmann, 1970) Eisenack, Cramer & Díez,
re76).

In addition, the following raxa also appear in
ass.emblage YK2: Cymatiogalea d,eunffii Jardiné, Com-
baz, Magloire, Peniguel Ee Vachey, 1971, Multiplicis-
pbaeridium sp. cî. M. delicatum Cramer k Dtez, 7977,
M. tp. c[. M. inconstans Cramer & Díez, 1977, Poikilo-

fusa spinata Staplin, Jansonius & Pocock, 1965, and Stri-
atotheca sp. cf. S. prolixa Molyneux in Molyneux 8r
Rushton, 1988. Further characteristic attributes of this
assemblage include abundant diacrodians ol the Acan
thodiacrodiwm costdtum group, rogether with common
Stelliferidium ste/ligerum, Striatotheca spp., and yer]-
hachium trispinosum. Twenty-two taxa are shared with
the previous assemblage (Fig. 3).

Assemblage VK2 also yielded the following chiti-
nozoans:

Conochitìna sp. cf. C. chydaea lenkins, 1967

Conochitina sp. cf. C. clecipìens Taugourdcau & deJckhor.skl 1960
Belonechitina sp.
Conochitina sp.

Lagenochitina sp. cf. l' esthonica Eisenack, 1955

Laufeldochítina sp.

Occurrence - This assemblage characterizes sample
CK742 and CK743, both from the middle parr of rhe
Yarkhun Formation, 79.40 m and 86.10 m above the sec-

tion base, respectively.

Assemblage VK3.

Description - This assemblage is very poor in both
taxonomic diversity and preservation state. Owing to
the poor state of preservation and the small number of
specimens recorded, a specific attribution is precluded in
most cases. The most significant fossils are the acritarch
Arkonia tenudtd and the chitinozoan Lagenochitina

.t .

esthontca Eisenack, 1955. In addition, VK3 contains
abundant Stellìferidiwm stellìgerum (together with the
unidentified taxon illustrated in Pl. 1, fig. 6) and is char-
acterized by the absence of many Arenigian acritarchs,
in particular diacromorphs, while veryhachiids are
extremely rare. Few specimens of Pachysphaeridium sp.
occur. Al1 species which have been fully identified (4 out
of 13) are shared with previous assemblages (Fig. 3).
Accompanying taxa are:

B altísphaeridiurn spp.
Ì4 u ltip lì c isp h aeri di um s pp.
Peteinosp haerídium spp.
Polygonium sp.
Wryhachium spp.
Villosacapsula ? sp.

Occurrence - Assemblage VK3 characterizes sam-
ple CKZ45, close to the top of the Yarkhun Formarion
(ca. 166.50 m above the section base) and sample
CK747,2 m above the base of the Vidiakot Formation
(ca.172 m above the section base).

Age of the acritarch assemblages.

Assemblage VKI .

The age attribution of assemblage VK1 may be

attempted by considering the palaeontologically. ascer-
tained, restricted ranges (i.e., the ranges independently
confirmed by the co-occurence of other fossils) of the
following taxa.

The range of Cristallinium dentdtum extends from
the Chinese Azygograptws suecicus graptolite Zone (Li,
1987) - equivalent to the British Didymograptus nitidus
and lower Isograptus gibberulus graptolite Zones (Wang,
X.f. et aI., 1992; \fang, Z.-h. et al., 7996;.il/ang, X.f. et a1.,

1996; Chen et a1., 1,997) - up ro the Bohemian (Vavr-
doví, 1976) Tetragraptus cf. pseudobigsbyi graptohte
Zone ol Kraft (1977). The latter corresponds ro rhe Z
reclinatus abbrertiatws graptolite Zone of Boucek (1973;
revised by Kraft & Kraft, 1995) which embraces the



SAIVPLES

ACRITARCH / CHITINOZOAN SPECIES
CK
734

CK
736

CK CK
737 738

CK
742

CK CK
745

CK
747

F R

R RR R

Arbuscu I idi u m f i lamentosu m R RRR
Arbusculidium soo c R R RR

Barakella so RR

Bued Ìnq i isphaeridiu m tremadoc u m c F F R R

Corvphidíum bohemicum F ARR RR 2

CorvDhidium eleoans C F R

Cristall í ni um dentatu m R R

R R h

DacNlofusa velifera forma brevis R R F F RR

P etaloferídi u m floriqerum R R C

P etei nosnhaerid i t tm son RR RR R R R F R

Picostella turoida R R F R

Polvqonium dentatum F

F R

Polvoonium radÌatusum C F

Schizodiacrodium sD. RR R

Ste | | ec h i n atu m u n c i natu m R RR RR RR R

Stel I i f erí d i u m ste | | i aeru m F F

Str i atoth eca m i c ro ru o u I ata F F F RR

Striatotheca pri nc i pal is subso. pa,'va R R F R RR

Str i atoth eca rari r ru o u lata R R

Tonqzia meitana R F

Tonezia vavrdovae F RR

Vavrdovella arenÌoa F RR R

y'ervhachium so]. c
Voqtlandía flosmaris C F R

Ampullula erchunensts RR

)orvohidium baraka RR

Kladothecid í u m el iq mosu m RR

PetaloÍeridi um bu| | iferu m F RR

c c F C R

M ulti nlic isohaerídi um soo R R F

Schizodiacrodium so. cf. S. ramiferum H R

Str i atothe c a mo n or uo u I ata RR F c F R

Striatotheca rugosa CRR R

Adortía firma R

Baltisphaeridtum soo. F R

RR

M t ) lti nlia isnhaerid ir t m í rreo u la re F c
R F

Villosacapsula ? SP C R R R

Arkonia tenuata R

Aurotesta clathrata var. símplex R R

R

Dicrodiacrodium ancoriforme F

Multiplicisphaertdium sD. cÍ. M. delicatum
OrthosDhaeridium so. R

Poikilofusa spinata F

MultiDlícisDhaeridíum so. cî. M. inconstans R

Petaloferidium so. cî. P floriqerum RR

Striatotheca sp. cf. S. proiÀa RR

Strlatoiheca spp F

Gen. et so. ind.
PachvsDhaeridium so F

Polvaonium sp
Conochitina sp. cf. C. chvdaea R

Conochitina so. cf. C. deciDiens R

Conochitina sp R R

Laoenochrtina so. cf. L. esthonica R

R

Belonechitina sp R

R

PALYNOLOGICAL ASSEM BLAGES VK1 VK2 3

British gibberwlws- plus alnost the entire hirundo grap-

tolite Zone of the British standard (Paris & Mergl, 1984;

Kraft Ee Kraft, 1995). Thus, the actual LAD of C. denta-

tum súI remains largely undefined.
Kladothecìdium eligmosum has the same range,

because it has been reported as extending in Bohemia

9

Fìg. I - Acritarch and chitinozoan
utcurrcncq 1b1 fir.t .rPPerr-

ance) and rel:rtive abundance

throughout the lower Vidi-
akot section. RR: verv rare

(.1-2 specimens in cach

slide); R: rare (3-5 speci-

mcns); F: few (6-10 speci-

n-rens); C: common (1 1-20

specimens); A: abundant
(more than 20 specimens); ?:

questionabll. present.

, \/..,-l^.,; rool r f-^- .L- ^^-1.,\vdvf uuvd! | / 'J) | lurrr rrr\ Ldlrj/

Arenig Holograptus tardi-
brachiatus graptolite Zone -

corresponding to the British
nitidus graptolite Zone (Paris &
Mergl, 1984; Kraft & Kraft,
1995) - to the T. reclinatus
abbr eo iatu s graptolite Zone.

A wider range has been

ascertained îor Petaloferidium

florigerum which is knos'n from
the A. suecicus gr:,prol;re Zoîe
(British nitidws and lower giú-
berulus graptolite Zones) of
South China (Li, 1982) up to
the upper Didymograptus artus

graptolite Zone ol Cerm.rny
(Maletz & Servais, 1993).

Striatotheca rdrirruguldtrl
is positivelv knou'n from the,4.

suecicus graptolite Zone of
South China (Tongiorgi et al.,

1995) up to the D. hirundo
graptolite Zone of Great Britain
(Rushton & Molyneux, 1989;

Cooper et al., 1995).

Similrrly. the range of
Striatotbeca monoruguldtd is

between tb.e A. suecicus ànd rhe

lower Undulograptus austroden-
fafizs graptoìire Zone ri.e.. up to
the British upper hirundo grîp-
tolite Zone, according to Chen

et aI., 1,997, among others) of
South China (Yrn et al., 1998;

Tongiorgi et al.. 1998 t.

According to Yin et al.

(1998), T. 'r,atrdovae has been

reported in Centrrl Bohemi.r from Lhe errly Arenig H.
tardibrachiatzzs graptolite Zone; its upper chronologicai
limit is considered to be latest early Arenig-early l:rte

Arenig (probably younger than the Eremochitìna brevis

chitinozoan Zone) based on occurrence of Karakorum
(Tongiorgi et al., 1994). T. meitana has a more restricted

Ordot,ician Acritarch s and C hitin ozc,tan s from Karaleorurn
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range, which is bracketed between the Chinese Didymo-
graptus deflexus graptolite Zone (Li, 1982) and the ,4.

suecicus graptolite Zone (Li, 198/), not younger than the
British middle gibberulws graptolite Zone. Nevertheless,
both these latter species are rather rare and not very well
known outside China.

In sumrnary, therefore, the palynological available

evidence dates the assemblage VK1 as Arenig, within an

interval extending from the British nitidus to the mid-
dle-upper birundo graptolite Zones. The occurrence of
Tongzir spccier mighr ruggest.ì rnore restricted range.

correlative within the D. nitidus and the n-riddle L gib-
berulus zonal interval (Fig. +) . The palynological age of
the succeeding assemblage supports this chronological
attribution.

Aeeomhlano \/K2

Dating of sample CK742 is facilitated by the

restricted ranges ol Arleonia tenuatd, Dicrodiacrodium
a.n c or ifor m e, and S tr iat o th e ca rar irr ugul ata.

According to Servais (1997), the first occurrence
of Arleonia Burmann, 19ZO approximately corresponds
to the British D. hirunclo graptolite Zone (Brocke et al.,

1995); this is confirmed b). th. co-occurrence of chiti-
nozoans referred to the Desmochitina bulla chttinozoan
Zone (Soufiane & Achab, L993; Fatka et al., 1991).

Dicrocliacrodium Burmann, 1968 first occurs in
the upper Llndulograptus sinodentatuslDidymograptus
nexus graptohte Zone of South China (Brocke et al.,

1995) which is considered (Servais et al., 1996) roughly
equivalent to the British middle-upper gìbberulus grap-
tolite Zone. Holvever, taking into accounr the graptolite
biostratigraphy of the South Chinese upper Arenìg
(GSSP of Darriwilian) as revised by Chen er aL (1997),
the top of the U. sinodentatus-D. nexus graptolite Zone
(U. sinodentatus Zone in Brocke et a1., 1995, fig. 2) - cor-
responding to the base of the U. austrodentatlrc orînîo-

lite Zone - falls within the British lower hirunclo grapto-
Iite Zone. Therefore, the FAD of Dicrodìacrodium is

probably early l.rte Arenig.
Striatotbeca rarirrugulata, as previously discussed

in assemblage VK1, disappears before the end of the D.
hirund.o graptolite Zone of Great Britain (Rushton &
Molyneux, 1989; Cooper et a1., 1995).

The presence of rare specimens ol Cymatiogalea
deuffii, previously known from the temadoc-Arenig
boundary inte rval (Servais & Molyneux , 1997), is possi-
bly due to reworking. The same significance may have

the (questionable) presence of Striatotbeca sp. cÍ. S. pro-
lixa in sample CK743.

Compared with CKZ42, sample CKZ43 shorrs
lorn er diuersiLy and no significant ne\\ raxa inception.
For example, AureoLesLa claLhrata rtr. simple.r appears in

Great Britain in the upper Tetragraptus phyllograptoides
graptolite Zone (Cooper et al., 1995) and continues to
the early Llanvirn D. artus graptolite Zone ol Belgium
(Servais Er Maletz, 1992); Striatotheca monorugulata has

a shorter range which extends up to the lower U. dustro-
dentatus graptolite Zone oî South China (Yin et al.,

1998; Tongiorgi et al., 1998). The presence of the chiti-
nozoans Conochitina sp. and Belonechitin l sp. does not
pror ide any [urther chronological evidence.

In summaryr, therefore, the age of assemblage VK2
probably falls entirelv within the early late Arenig hìrun-
do graptolite Zone (Fig. 4).

Assemblage VK3.

Chronologically, the most significant elements of
assemblage VK3 are the acritarch Arkonia tenuata and
the chitinozoan Lagenochìtina esthonica. The first
appears during the late Arenig and also extends into the
early Llanvirn; the second, has been recorded world-
wide from the lou.er Arenig to the lowermost Llanvirn
(Paris, 1996).

PLATE 2

All f:igures x1OO0.

Fig. 1,2 - Dicrodiacrodiumancoriforme Burmann 1968 emend Seruais, Brocke o\ Fatka 1996. Fig. 1) sample CKZ12, CPTZO2A26-A6,E.F.Y29-2;
Fig. 2) sanple CKZ12, CPT702026-01, E.F. R39-3.

Fig. 3 - Multiplicisphaeridium sp. ci. l[. delicatum Cramer & Díez-, 1977. Samplc CK742, CPT7A2A26-A2, E.F. L'+8-1.

Fig. 1 - Mwltiplicispbaeridium irregulare Staplin,Jansonius & Pocock, 1965. San-rple CK738, CPT/O2O?5-A2, E.F. Q51.
Fig.5 - Poikilofusa spinataStaplin,Jansonius & Pocock, 1965. Sample CK742,CPT7A2A26-A1, E.F. N39-1.
Fig. 6 - Petaloferidiwm bullíferum Yin, Di Milia & Toneiorgi, 1998. S;rmple CKZ38, CPT/02025, E.F. P4.1.

Fìg. 7 - Petaloferidiutn sp. cÎ. P J:lorigerazi (Vavrdor'í, 1977) Fensone, Greham, Barss, Freeman & Hill, 1990. Sample CK7.l3, CPT7A2A27,E.F.
o33-3/P33-1.

Fig.8 - Petaloferidiumflorigerum (Vavrdoví, 19ZZ) Fensome, Graharn, Barss, Freeman & Hill, 1990. Sample CK73l, CPT7A2A21-A3, E.F. R33.
Fig. 9 - Schizodiacrodium sp. ct. S. ramiferun Burmann, 1968. Samplc CK737, CPT7A2A24-A3, E.F. K43.
Fig. 10 - Schizodìacrodlzz sp. Sanple CK7i4, CPT/O2A21.-A2,E.F.Y42-2.
Fig. 11, 14 - Pìcostella turgìdaYin, Di Milia & Tongiorgì, 1998. Fig. 11) sample CK731, CPT/O2A\-A|, E.F. J34-1; Fig. 1a) sample CKZ3-1,

cPT/02021-01, E.F. O,r2.
Fig. 12 - Orthosphaeridizzz sp. Samplc CK/12, CPT/O2A?6-A2, E.F. M38.
Fig. 13 - Pachysphaeridlaz sp. Sample CK745, CPT/02028-01, E.F.J31-1.
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Fig. 4 - Cornparison of the Ishkarr.az and Vidiakot sections, (Northern Karakorum, Chitral) and Lon.er Ordovician, ìnterregional, chronos-
tratigraphic and biostratigraphic correlatìons. Main bibliograpbic sources: .r) Grcar Brit.rìn: 1) Forre.y et a1., 1995; b) Bohemia:2) Pans
& Mcrgl, 1984,3) Kraft & Kraft, 1995; c) South Chìna: ,1) ${rang, X.f. etal., 1,992,5) Chcn etal., 1997,6) \fang, X.f. et al., 1996.1lil1
indicates thc probable location of a sample bearing Ordovician conodonts (Talent et al., 1981, 1999); CK1, CK223, CK2 are the pall'-
nological assemblages from the Iskarrvarz section, Karakorum (Tongiorgi et a1., 199+); VK1 to VK3 are rhe asscmblagcs described
herein.

PLATE 3

All figures x1000, exccpt Fig. 14 (x200) and Fig. 5 (r2OOO).

Fìg. 1 - Schizodiacrodium sp. cl. S. ramiferum Burmann, 1968. Sample CK737, CPT702AU-A2, E.F. 043-2.
Fìg. 2 - Stellíferìdìum stelligerum (Górka, 1967 emend. Martin, 1922) emend. Deunff, Górka Er Rauscher, 1924. Sample CK734, CPT7A2A21.-

01. E.F. V40-4.
Fig. 3 - Striatotbeca monorugulata Yìn, Di Milia Er Tongiorgi, 1998. Samplc CK742, CPT7A2O26-A1, E.F. U36.
Figs.4,7- StriatotbecaprincipalìsBurmann, 19lO subsp. parva (Brrmann,DTa)M::itrn, 1977. Fig.4) sample CK738, CPT/O2A25-02, E.F. K+5;

Fig.7) sample CK737,CPT7A2021, E.I.. G50-2.
Fig.5 - Striatotheca rarirrugulata (Cran.rer, Kanes, Díez & Christopher, 1924) Eisenack, Cramer Er Díez, 1926. Sample CK742, CPT7O2A2-6,

SEM, E.F. 337.

Fig. 6 - Strìatotheca rugosaTongiorgi, Yin & Di Milia, 1995. Sample CK73Q CPT7A2AT, E.F. R44.
Fig. 8 - Stríatotheca microruguLata (Vavrdor'í, 19l2) Martin, 1972. Sample CK742, CPT7A2A26-A6, E.F. R38-i.
Fig.9 - Vogtlandiaflosmaris (.DeunÍ[, 19lZ) Molyneux, 1987. Sample CK734, CPT702A2I, E.F. F34.
Fig. i0 - Vavrdowlla areniga (Yavdovi, 1.973) Loeblich Er Tappan, 1926. San.rple CKZ31, CPTZO2O21-01, E.F. N,1Z-2.
Fig. 11 - Tongzia ra.,,rdooae Yin, Di Milia tr Tongiorgi, 1998. Sanple CK734, CPT702A21-A1, E.F. N53.
Fig. 12 - Tongzia meìtana Li, 1982. Sample CKZ38, CPT702025-01, E.F. T12-1.
Fig. 13 - Villosacapsula ? sp. Samplc CK738, CPT702025, E.F. K2.+-1.

Fig. 1'+ - Lagenochitína esthonica Eisenack, 1955. Sample CK747, CPT7A2028-01, E.F. Y52.

BRITISH STANDARD (1)

SYSTEM, SUBSYST., SEBIES. GRAPTOL. ZONES

BOHEMTA (2,3)

GRAPT, ZONES, SUBZ

souTH OHINA (4,5, 6)

SERIES, STAGES - GRAPÎOLITE ZONES, CONODONTZONES

KARAKORUM (7,8)
ACRITARCH ASSEMBLAGES
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Cruziana and Plano/ítes-like burrons from thc bcd z. To the left, vien- of the entire slab; the scale bar is equir.alent to 1O cm. To the
right, details of the Cruziana tr;rils, scalc bar equivaìent to 5 cm. The cntire slab is prcscrvcd in the Geoscjence Laboratorr. of the Geo-
logical Surr,ev of Pahìstan, Islamabad. (Collector N'1. Gactani).

f,io 5

As noted by several authors (Paris, 1984, I996), at
least tr.'o morphot)'pes (possibly t\vo species) of l.
esthonica s.1. can be distinguished. The "short-necked
"specimens seem to be restricted to the lower-"midd1e"
Arenig; "long-necked" specimens, sLrch as the one in
sampie CK747, are reported onl1'from the upper Arenig
to 1ówer Llanvirn (Paris, 1996, p. 531). Accordingly,
sample CK717 is probably referable to an inrerval
between the British late Arenig D. hìrundo graptolite
Zone and the lor.l'ermost Llanvirn, basal D. dt'tus grapto-
lite Zone (Paris, 1996, text-fig.2).

No direct palynological evidence support separa-

tion of VK3 from the previous assernblage. Neverthe-
less, the assemblage VK3 is separated from the previous
one by more than 80 m. This unsampled interval com-
prises the bed JAT1 u.here T:rlent (Talent et a1., 1981,

1999) collected Ordovician conodonts (within our bed
1O). According to Talent er al. (1999), the most signifi-
cant taxon of their conodont fauna lBaltoniodus sp. c[.
B. medius (Dzik, I976)l possibly indicates an interval
ranging from Lindstròm's (1971) .oariabilìs to upper su e-

ci czs conodont Zoncs tl.rtest Areniq - lower Llanr irn;.
Because the age of the or.erlying be ds which vield-

ed assernblage VK3 does not posrdàre the lowermost
artus graprolite Zone (LAD of the chitinozoan Ldgeno-
chitina esthonìca), VK3 is probably assignable just with-
in the Arenig-Llanvirn boundary interval.

Correlation with the Ishkarwaz Section.

It is now possible to further refine the strati-
gr:rphic rxlrges of the Ishkaru.az assernblages CK1 and

CK2 (Tongiorgi et a1., 1994). According to Tongiorgi et
al. (1991), the base of CKt is marked by the concomi-
tant occurrence of C. dentatum and C. deunJfii. The
South China inception of C. clentatum is wtthin the A.
suecicus graptolite Zone (Lí, 1987) ; according to recent
biostratieraphical correlations (see Fig. 4), the A. sueci

czs graptoliteZone corresponds to the entire nitidus and
to .r prrt of the gibberu/us graptolite Zones of Great
Britain. Thus, u.ith respect to Tongiorgi et al.'s (1994)
correlation, the lower limit of CK1 could non be shift-
ed don'nn'ards, to the base of the nitidus gnptolite
Zone. On the other hand, C. deuffii is considered to be

not vounger than the lowermost Arenig (Servais &
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Molyneux, 1997). The three lowermost samples from
Ishkarwaz (CK219, CK22A, CK221) fail n'ithin the total
range of C. deunffii; therefore, it could be justified to
,--*^.;-.-r,, r^^..- ,r.- lower limit of the Ishkarwaz

sequence at the base of the British nitidus ,",.r^lìt"
Zone.

Sample CK223 contains Eremocbitina brevis

Benoit & Tougourdeau, 1961 whose FAD (not older
than the upper part of the nitidus graptolite Zone; Paris,

1990) places CK223 close to or rt the top of the British
nitidus graptolite Zone.

The CK2 assemblage comprises only long-rangrng
species which do not enable identification of the assem-

blage's upper lir-nit. The absence of typical late Arenigi:rn
markers, Iìke Arkonia and Dicrorliacrodium, suggests a

pre-hirundo age (Tongiorgi et al., 199,{).

The resulting tentative correlation is shown in Fig. 4.

Palaeoprovi ncial aff i nity.

The occurrence of acritarch species belonging to
Arbusculidium, Coryphidium and Striatotheca unambigu-
ously supports the attribution of assemblages VK1 and

VK2 to the Mediterrxnean Palaeoprovince as first
defined in 1974 b;'Vavrdor'í (discussion and bibliogra-
phy in Tongiorgi & Di Milia, 1999). The composition of
VK3 does not contrast with a Mediterranean pertinence.

Conclusions.

This studv of the lower part of the Vidiakot sec-

tion enhance. our kno*ledge regrrding the age of the

sedirr-rentary sequence overlr-ing the crvstalline base-

ment of the Karakorum Mountains. Correlation with
other areas and with the previously studied Ishkarwaz

section (upper Yarkhun Val1e1', Chitral) enables the

authors the Yarkhun Formation to be approximately
dated as early Arenig lBriti.h lower niLidus graptolite
Zone) to latest Arenig, uppenìrost gruptolite hirundo
Zone; accordingly, the base of the overl;-ing Vidiakot
Formation is here correlated with the uppermost birwn-
do-lowerrno sr artus graptolite Zones (latest Arenig - err-
liest Llanvirn boundary interval).

Compared n'ith the Ishkar-waz section and based

on the older fossiliferous leveis, the Vidiakot section

apparently begins stratigraphically higher. The apparent
diachroneity of the transgressive base of the sedimentary
cover mxy be explicated by the corrser litholoqy in the

lowermost part of the Vidiakot section (6 m of coarse

arkosic sandstone at Vidiakot, against onlv 1.1 m of polv-
genic microconglomerates in the Ishkarwaz section) . A
studv of the Cruzìana-1ike ichnofossils from beds 5 and

Z (Fig. 5) could hopingly provide further elements for a

more refined palaeoecological interpretation of this part
of the Vidiakot section (Yarkhun Formation).
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APPENDIX 1

The Vidiakot section: bed number, bed thickness, lithology, and samples

15 17m Black slate s-ith very fine sandstone
intercalations.

cK/s1 (+0.s), cK752 (+s.5), CK/s3 (+ 11.5)

2Am not exposed

t4 23m Splinter,v black slate rvith flattened siltstone
nodules.

cK747 (+2.0), CK748, (+12.0), CK719 (+17.A),
cK/50 (+23.0)

13 5m Alternating shale, siltstone, and litharenite in
10 cnr thick beds. Shale largelr-subordinate.

cK745 (+ 1.5)

12 l1m Light coarse arkose and microconglomerate in
m-thick cross-laminated beds.

11 l2 ln Brox'n altered siltstone, poorlv exposed.

10 37n Dark splinterl' bioturbated siltstone alternating
with r.er-v fine sandstone.

JATl (Talent et al., i98t, t999)

9 3m Medium grained sandstone

8 23m Arenaceous siltstone nith subordinate black
splinterv slates and occasional sandstone beds

CK742 (-0.4).CK743 r+7.1 
1

7 14m Light grey, splintery arenaceous bioturbated
siltstone with frequent intercalations of very
fine sandstone. Cruziana - like traccs.

21 m Fine light arkose and sublitharenite in
.rnr.rlg.rm.rted beds 5O-70 cm-thick. rvirh f:rint
parallel lamination.

5 13m Siltl rl.rte poorlv expo.ed. locrlll deeplr
bioturbated, with Crwziana - iike traccs.

.l 7m Verl- line arkose sandstone in 20-40 cm
thick beds.

3 .l m Snlinrerr'.ìlrìre and verv rhin sandsronc

2 14m Black splinterv slate, steepll. dipping
to the north.

cK734 (+0.3), CK735 (+s.0), CK736 (+10.0)
CK737 and CK738 (about +14.0)

6m Coarse arkose in thick, poorl-v defined beds.

0 Om Deeply altered Ishkarwaz Granodiorite


