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Anal y sis of Si lu rian graptolite as sem blages from 1017 sam ple ho ri zons in 132 cores (from 65 bore holes) through the
Qusaiba Mem ber, Qalibah For ma tion of Saudi Ara bia, pro vides a re fined graptolite biostratigraphy for the Ara bian Pen in sula
com pa ra ble in its res o lu tion to that from the Brit ish Isles and the Czech Re pub lic. Over 150 graptolite spe cies char ac ter ize 11 
biozones from the low er most Rhuddanian lubricus Biozone to the lower Telychian guerichi Biozone, with sub-zonal res o lu -
tion for sev eral in ter vals. Graptolite biozonal bound aries and the Rhuddanian–Aeronian and Aeronian–Telychian stage
bound aries can be placed with high pre ci sion. De tailed anal y sis of graptolite spa tial dis tri bu tion sug gests per sis tent
depth-strat i fied ma rine as sem blages across the Si lu rian palaeo-Ara bian Plate. Near-sur face-dwell ing as sem blages prob a -
bly oc cu pied the mixed-layer of Si lu rian oceans, en abling col o ni za tion of shal low shelf en vi ron ments. They are low-di ver sity
(1–2 spe cies) as sem blages char ac ter ized by Neodiplograptus, Coronograptus, Neolagarograptus and Stimulograptus spe -
cies and of ten are pre served in strata with ex ten sive shelly fau nas. Deeper ma rine as sem blages are of higher di ver sity (up to
15 spe cies per ho ri zon), and are char ac ter ized by dor sally curved or heli cally coiled spe cies of Spirograptus, Demirastrites,
Lituigraptus, Rastrites and Torquigraptus. Rec og ni tion of depth-strat i fied graptolite as sem blages pro vides an im por tant tool
for es tab lish ing palaeo-ba sin to pog ra phy and wa ter depth at the time of sed i men tary de po si tion. At the spe cies level, the
graptolite as sem blages of Saudi Ara bia are re mark ably sim i lar to con tem po ra ne ous fau nas from peri-Gondwanan Eu rope
and, from the mid dle Rhuddanian on wards, also to the Avalonian and Lau ren tian Llandovery graptolites of the UK.
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INTRODUCTION

Graptolites pro vide one of the most en dur ing and highly re -
solved macrofossil biostratigraphies for rocks of Or do vi cian and 
Si lu rian age (e.g., Elles and Wood 1901–1918; Zalasiewicz et
al., 2009 and ref er ences therein). Their rapid evo lu tion, man i -
fested in a mul ti tude of dis tinc tive morphologies, en ables their
ready ap pli ca tion to the es tab lish ment of biozonal schemes
both at out crop and in bore holes. In Saudi Ara bia, graptolites
have been re ported from the Qusaiba Mem ber of the Qalibah
For ma tion, from rocks of Early Si lu rian (Llandovery) age
(Rickards and Koren’, 1974; El-Khayal, 1985, 1986, 1987a, b, c; 
McClure, 1988; Legrand in Mahmoud et al., 1992; Legrand in
Vaslet et al., 1987; Legrand in Vaslet, 1989; Zalasiewicz et al.,
2007). These works doc u ment “snap shots” of the graptolite
fauna from strata of Rhuddanian, Aeronian and Telychian age.
In this pa per we es tab lish the first in te grated graptolite

biostratigraphy for the Lower Si lu rian (Llandovery) of Saudi
Ara bia, iden ti fy ing 11 biozones and a num ber of in ter vals of
sub-zonal cor re la tive im por tance, es pe cially in the lower
Telychian. We also es tab lish the biogeographical and palaeo -
environmental im por tance of the fauna, com ment ing on the re -
gional im por tance of the Saudi Ara bian graptolites for in ter pret -
ing the re cov ery of high-lat i tude Gondwanan graptolite as sem -
blages af ter the Late Or do vi cian Hirnantian mass ex tinc tion.

GEOLOGICAL SETTING

Dur ing the Late Or do vi cian a con ti nen tal-sized ice sheet
was cen tred on sub-Sa ha ran Af rica, cov er ing a large area of
high south ern lat i tude palaeocontinental Gond wana. The gla -
cial ad vance re sulted in the in ci sion of deep val ley sys tems by
gla cial and flu vial pro cesses; these val leys have been traced
into the subsurface of north ern Saudi Ara bia with seis mic data
(Konert et al., 2001). Dur ing ear li est Si lu rian times, the Ara bian
Plat form lay be tween 30° and about 50° lat i tude south. Dur ing
the gla cial max i mum, the depositional set ting of the lat est Or do -
vi cian and Early Si lu rian north ern Gond wana coast may have
been anal o gous to the pres ent-day Ant arc tic (Jones and
Stump, 1999). As a ma jor phase of global warm ing de vel oped
dur ing the Llandovery, the gla ciers be gan to re treat. The Ara -
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bian Plat form flooded as sea level rose rap idly. In the mar ginal
ar eas, shal low to open ma rine en vi ron ments were es tab lished,
while deeper ma rine en vi ron ments cov ered the plat form and
ex tended south wards along a sub sid ing intra-shelf ba sin lo -
cated in cen tral Saudi Ara bia. Anoxic bot tom wa ter con di tions
within the ma rine bas ins re sulted in the pres er va tion of or -
ganic-rich shales with graptolites. These form the shales of the
Qusaiba Mem ber in Saudi Ara bia (Fig. 1), the Mudawwara For -
ma tion in Jor dan, the Sahmah For ma tion in Oman, the Abba
For ma tion in Syria, the Tanezzuft For ma tion in North Af rica, the 
Dadas For ma tion in south-east Tur key, and the Ghakum For -
ma tion in Iran (Konert et al., 2001).

In Saudi Ara bia, the shales of the Qusaiba Mem ber are en -
coun tered in many subsurface bore holes: their thick ness
ranges from 420 to 914 m (1400 to 3000 ft). In some bore holes
they can be com pletely eroded by youn ger un con formi ties. The
Qusaiba Mem ber has tra di tion ally been con sid ered as the
lower mem ber of the Early Si lu rian Qalibah For ma tion (see
Fig. 1), which was first de fined by Mahmoud et al. (1992) in the
Al-Qalibah–Tayma area to re place the Tayyarat For ma tion of
Vaslet et al. (1987) for the same lithostratigraphic suc ces sion.
The Qalibah For ma tion, which in cludes a sig nif i cant part of the
Si lu rian Sys tem in Saudi Ara bia, con sists of the shale-dom i -
nated Qusaiba Mem ber in its lower part and sand-dom i nated
Sharawra Mem ber in its up per part. The base of the Qalibah
For ma tion is gen er ally char ac ter ized by a disconformable, ero -
sional or non-depositional con tact with the un der ly ing
glaciogenic de pos its of the Late Or do vi cian Sa rah For ma tion.
Fur ther dis cus sion of this stra tig ra phy can be found in Vaslet et

al. (1994), Janjou et al. (1996), Senalp et al. (2002), and Miller
and Al-Ruwaili (2007).

The Qusaiba Mem ber rep re sents the in ter val be tween the
world wide ma rine transgressive sur face MFS S10 of Sharland
et al. (2001) at its base, and a type-1 se quence bound ary (ero -
sional un con formity sur face) at its top (Senalp, 2006). The
“Qusaiba hot-shale fa cies,” an in ter val of ex tremely or ganic-rich 
graptolite-bear ing shales form ing the main hy dro car bon source
of the Pa leo zoic for ma tions in Saudi Ara bia, oc curs in the basal
part of the Qusaiba Mem ber and is dated to the Rhuddanian
Stage of the Llandovery Se ries. The “hot shale” in ter val is
diachronous, and usu ally about 10–30 m thick, and is
interbedded with vari able amounts of well to mod er ately sorted,
very fine grained sand stones and coarse siltstones (Jones and
Stump, 1999). The Aeronian part of the Qusaiba Mem ber con -
tains a dis tinc tive in ter val, usu ally be tween about 30 to 60 m
thick, that is sig nif i cantly more sandy than the de pos its oc cur -
ring im me di ately be low and above it. This sand stone body has
been termed the “mid-Qusaiba Sand” by Wender et al. (1998).
Miller and Melvin (2005) in ter preted the mid-Qusaiba Sand as
be ing as so ci ated with a lowstand event.

MATERIAL STUDIED, REPOSITORY, AND NOTE 
ON THE CONFIDENTIALITY OF DATA FROM

INDIVIDUAL BOREHOLES

The ma te rial stud ied here is sourced from 1017 sam ple ho -
ri zons, from 65 bore holes and 132 cores that pen e trated the
Qusaiba Mem ber (Fig. 2). Pre cise geo graph ical and
biostratigraphical de tails of in di vid ual bore holes in Saudi Ara bia
are un avail able due to op er a tional con fi den ti al ity and there fore
here we pro vide a sum mary of the graptolite biostratigraphy of
these cores, fol low ing the style of the pa per by Rickards (1976)
for the UK graptolite suc ces sion. Some cores sam pled in the
1970s have suf fered ex ten sive py rite de cay, but the more re -
cent cores, which make up the bulk of ma te rial stud ied, pro vide
well-pre served graptolites. The cores pen e trate a range of
lithologies in clud ing black py ritic mudstones, hemipelagic
mudstones, turbiditic grey mudstones, siltstones and sand -
stones. Graptolites have been re cov ered from all of these
lithologies but the best-pre served and most di verse ma te rial is
yielded from black mudstones. For the lat ter, sam pling of the
core is pos si ble to centimetric ac cu racy, en abling biozonal and
stage bound aries to be iden ti fied with pre ci sion: in the con tin u -
ous cores we have sam pled, frac ture zones or fault ing have not
dis rupted the con ti nu ity of the graptolite ranges and biozones.
Core ma te rial and the fig ured graptolites are stored in the col -
lec tions of the Saudi Ara bian Oil Com pany (Saudi Aramco)
Dhahran, Saudi Ara bia.

GRAPTOLITE BIOSTRATIGRAPHY

The biostratigraphical dis tri bu tion of over 150 graptolite
spe cies in the Lower Si lu rian rocks of Saudi Ara bia rel a tive to
the graptolite biozones that we rec og nize are sum ma rized in
Fig ure 3. In all, 11 graptolite biozones are rec og nized, ex tend -
ing from the low er most Si lu rian Normalograptus lubricus
Biozone to the lower Telychian guerichi Biozone (Fig. 3). In
some Aramco cores a near-con tin u ous suc ces sion of biozones
from the Rhuddanian to lower Telychian can be es tab lished,
with the first and last oc cur rences of the graptolites placed with
ac cu racy. In our anal y sis of cores we have pri or i tized the iden ti -
fi ca tion of biozone and subzone bound aries. Thus, we ex pect
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Fig. 1. Sim pli fied Up per Or do vi cian and Si lu rian stra tig ra phy
for Saudi Ara bia (adapted from Senalp, 2006), show ing the con -
text of the graptolite-bear ing Qusaiba Mem ber of the Qalibah
For ma tion

The ma jor un con formi ties at the base of the Sa rah and Tawil for ma -
tions rep re sent in ter vals of gla cial lowstand
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that with fur ther intra-zonal anal y sis the com ple ment of
graptolite spe cies and res o lu tion of the graptolite
biostratigraphy can be fur ther re fined. A num ber of youn ger
graptolites have also been re cov ered, in clud ing pos si ble
Streptograptus johnsonae Loydell (sug gest ing the lower
turriculatus Biozone), and those in dic a tive of higher lev els in the 
Telychian (Retiolites geinitzianus (Barrande), Stimulograptus
clintonensis (Hall). At pres ent this graptolite ma te rial is scant,
and it can not be placed in a con tin u ous suc ces sion of biozones; 
there fore, it is not treated here.

The Ara bian suc ces sion shows a marked de gree of sim i lar -
ity in the first and last oc cur rences of key spe cies that are used
to de fine the graptolite biozonal scheme ap plied to the UK
(Zalasiewicz et al., 2009 and ref er ences therein), and we there -
fore largely fol low this biozonal scheme. Rep re sen ta tive il lus tra -
tions of the graptolites are shown in Fig ures 4–13.

NORMALOGRAPTUS LUBRICUS BIOZONE

The stratigraphically low est graptolite as sem blages re cov -
ered from core in the Qusaiba Mem ber are dom i nated by
Normalograptus ajjeri (Legrand), Nor mal.? parvulus (H.
Lapworth), Nor mal. normalis (Lapworth), Nor mal. angustus
(Perner), Nor mal.? cf. lungmaensis (Sun), Nor mal. medius

(Törnquist), Nor mal. bifurcatus Loydell, Nor mal. targuii
Legrand, and Nor mal. mirnyensis (Obut and Sobolevskaya in
Obut et al.). Sim i lar as sem blages in Jor dan have been as -
signed an age of ei ther lat est Or do vi cian or ear li est Si lu rian
(see Loydell, 2007), but un pub lished palynological data in
Saudi Ara bia sug gests this level is likely to be in the ear li est
Rhuddanian. Typ i cally no more than two graptolite spe cies are
pres ent at any one ho ri zon in this in ter val. Nor mal.? cf.
persculptus (Elles and Wood) is re corded, al beit rarely, whilst
Nor mal. lubricus (Chen and Lin) is pres ent spo rad i cally from
near the base of this in ter val: else where, this lat ter spe cies has
been used as an in di ca tor for the base of the Si lu rian (Koren’
and Melchin, 2000), as it is, ten ta tively, here.

AKIDOGRAPTUS ASCENSUS–PARAKIDOGRAPTUS ACUMINATUS
BIOZONE

The ascensus-acuminatus Biozone was orig i nally dis tin -
guished (as the acuminatus Biozone) by Lapworth (1878) in the 
Birkhill Shales For ma tion of south ern Scot land and in its orig i -
nal def i ni tion also em braced the graptolites of the un der ly ing
persculptus Biozone (see Zalasiewicz et al., 2009: 827). In
Saudi Ara bia this biozone is char ac ter ized by more than 20
graptolite spe cies that en able its sub di vi sion into two in ter vals

Fig. 2. Regional distribution of graptolite-bearing boreholes drilled by the Saudi Arabian Oil Company on the 
Arabian Peninsula

The graptolite dataset com prises 1017 sam ple ho ri zons, from 65 bore holes and 132 cores that pen e trate the Qusaiba
Mem ber. Some bore hole sites that are sit u ated in close prox im ity to each other are su per im posed in the fig ure



6 Mark Williams, Jan Zalasiewicz, Hani Boukhamsin  and Christian Cesari

Fig. 3A – stratigraphic distribution of over 150 graptolite taxa in the Qusaiba Member, Qalibah Formation

Ranges are com piled from an anal y sis of 1017 sam ple ho ri zons. Note that the range chart iden ti fies spec i mens of
Metaclimacograptus hughesi (Nichol son), here used in the sense of Zalasiewicz (1996: text-fig. 2A–C)
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(Fig. 3A). The base of the biozone is de fined by the first ap pear -
ance of Akidograptus ascensus Davies, and to gether with the
first oc cur rences of Neodiplograptus lanceolatus Štorch and
Serpagli (of ten in abun dance), Neodiplogr. shanchongensis
(Li), Neodiplogr. cf. apographon (Štorch), Nor mal.
cortoghianensis (Štorch and Serpagli) and Normalograptus cf.
jideliensis (Koren’ and Mikhaylova) these col lec tively char ac ter -
ize the lower sub di vi sion of the ascensus–acuminatus Biozone
in Saudi Ara bia and this in ter val can be cor re lated with the
equiv a lent in ter val in Jor dan (Loydell, 2007: text-fig. 6) and con -
ti nen tal Eu rope (Štorch, 1996). The up per part of the ascen -
sus–acuminatus Biozone is sig nalled by the first oc cur rence of

Parakidograptus acuminatus (Nichol son), Normalograptus
triflis (Manck) – of ten in flood pro por tions, Nor mal. longifilis
(Manck), Nor mal. rectangularis (Mc Coy), to gether with
Neodiplograptus africanus (Legrand), Neodipl. parajanus
(Štorch), and Sudburigraptus sp. The lower part of this in ter val
is prob a bly com pa ra ble to the mid dle ascensus–acuminatus
Biozone of Jor dan (Loydell, 2007) and con ti nen tal Eu rope
(Štorch, 1996), but the Saudi Ara bian in ter val may also over lap
the up per ascensus–acuminatus Biozone of the Eu ro pean and
Jor da nian schemes. In Saudi Ara bia, abun dant P. acuminatus
ap pear just above the level with Nor mal. trifilis.

Fig. 3B – stratigraphic distribution of over 150 graptolite taxa in the Qusaiba Member,
Qalibah Formation



CYSTOGRAPTUS VESICULOSUS BIOZONE

The vesiculosus Biozone was dis tin guished in the Birkhill
Shales For ma tion of Scot land by Lapworth (1878) and is here
de fined by the first ap pear ance of its epon y mous spe cies,
Cystograptus vesiculosus (Nichol son), which is abun dant.
Štorch (1996) noted the co-oc cur rence of C. vesiculosus with
the lat est pop u la tions of P. acuminatus, re gard ing this level as
the low er most part of the vesiculosus Biozone. We have not
been able to dem on strate such over lap. The low er most C.
vesiculosus in Saudi Ara bia are ac com pa nied by
Normalograptus cf. tariti and normalograptids (Nor mal. medius, 
Nor mal. rectangularis, Nor mal. ajjeri) that range up from un der -
ly ing lev els. In Brit ain the in ter val rep re sented by the

vesiculosus Biozone was sub di vided into the Atavograptus
atavus and Huttagraptus acinaces biozones (see dis cus sion in
Hutt, 1974; Zalasiewicz et al., 2009), but in Saudi Ara bia these
sub di vi sions have proved un work able, as the first ap pear ances
of Huttagraptus spe cies, in clud ing H. praestrachani (Hutt and
Rickards) and Huttagraptus sp. 2 of Koren’ and Bjerreskov
(1997), and Atavograptus atavus (Jones) are ef fec tively co in ci -
dent. The vesiculosus Biozone as sem blage in cludes some 25
graptolite spe cies in Saudi Ara bia (Fig. 3A). Rhaphidograptus
extenuatus (Elles and Wood), though rare, is pres ent in lower
as sem blages of the vesiculosus Biozone while the up per part of 
the biozone is char ac ter ized by the first oc cur rences of
long-rang ing Metaclimacograptus spp. and Rhaphidograptus
toernquisti (Elles and Wood), and by Dimorphograptus
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Fig. 3C – Stratigraphic distribution of over 150 graptolite taxa in the Qusaiba
Member, Qalibah Formation
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Fig. 4. Illustrative images of Rhuddanian graptolites from the Qusaiba Member of Saudi Arabia

A – Neodiplograptus lanceolatus; B, C – Neodiplograptus fezzanensis: C is a close-up of the prox i mal end of B; D, E –
Neodiplograptus africanus; F – Neodiplograptus lueningi; G – Akidograptus ascensus; H, I – Neodiplograptus parajanus, prox i -
mal and dis tal part of rhabdosome re spec tively; J – Normalograptus ajjeri; K – Normalograptus? parvulus; L – Atavograptus
atavus, dis tal frag ment; scale bars are 1 mm
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Fig. 5. Illustrative images of Rhuddanian graptolites from the Qusaiba Member of Saudi Arabia

A – “Paraclimacograptus” libycus?; B, C – Sudburigraptus sp: B is a close-up of the prox i mal end of C; D – Clinoclimacograptus
retroversus Bulman and Rickards; E, J – Neodiplograptus cf. apographon: J is a close-up of the prox i mal end of E; F, G –
Normalograptus ajjeri: G is a close-up of the prox i mal end of F; H – Neodiplograptus cf. shanchongensis; I – Rhaphidograptus
toernquisti; scale bars are 1 mm
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Fig. 6. Illustrative images of Aeronian graptolites from the Qusaiba Member of Saudi Arabia

A – Demirastrites triangulatus fimbriatus; B – Coronograptus gregarius; C – Monograptus pseudoplanus; D – Rastrites cf.
orbitus; E – Monograptus sudburiae; F – Monograptus capis; G, H – Pribylograptus leptotheca: H is a close-up of G; I –
Neodiplograptus thuringiacus; J – Pristiograptus regularis; K – Metaclimacograptus hughesi sensu Zalasiewicz (1996); L –
Campograptus lobiferus; M – Petalolithus ovatoelongatus; scale bars are 1 mm
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Fig. 7. Illustrative images of Aeronian graptolites from the Qusaiba Member of Saudi Arabia

A – Pseudoglyptograptus barriei; B, C – nar row spec i men of Rivagraptus bellulus, ap proach ing the di men sions of Rivagraptus
rozmanae Koren’ and Rickards: C is a close-up of the prox i mal end of B; D – Neolagarograptus sp. (pos si bly N. helenae); E –
Pseudorthograptus insectiformis; F – Campograptus sanctgeorgensis; G – Campograptus millepeda; H – Monograptus capillaris
sensu Zalasiewicz (1996); I – Neolagarograptus impolitus; J – Monograptus limatulus; scale bars are: A, B, D, E, G, I, J – 1 mm,
C, F – 0.5 mm, H – 0.25 mm
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Fig. 8. Illustrative images of Aeronian (A, B, D–L) and Telychian (C) graptolites from the Qusaiba Member of Saudi Arabia

A, B – Torquigraptus involutus and Stimulograptus sedgwickii: B is a close-up of the thecae of S. sedgwickii in A; C –
Torquigraptus linterni; D – Torquigraptus decipiens; E, F – Neolagarograptus tenuis; G – Parapetalolithus altissimus; H –
Campograptus lobiferus; I – Comograptus barbatus; J – Torquigraptus sp. (pos si bly T. urceolinus); K – Lituigraptus convolutus;
L – Lituigraptus sp.; scale bars are 1 mm
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Fig. 9. Illustrative images of Telychian graptolites from the Qusaiba Member of Saudi Arabia

A – Streptograptus storchi?; B, C – Paradiversograptus capillaris sensu Loydell (1993); D – Stimulograptus becki; E –
Streptograptus strachani; F – Monograptus bjerreskovae; G – Monograptus gemmatus; H – Monograptus gemmatus, dis tal part
of rhabdosome; I – Monograptus gemmatus prox i mal frag ment and Streptograptus; J – Streptograptus pankhurstae; K –
Monograptus bjerreskovae that has likely been pre dated (hence fold ing of rhabdosome); L – Pristiograptus variabilis; M –
Pristiograptus renaudi; N – Glyptograptus auritus; O – Metaclimacograptus scalaris; P – Torquigraptus cavei; scale bars: A, C–P
– 1 mm, B – 0.5 mm
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Fig. 10. Illustrative images of Late Aeronian and Telychian graptolites from the Qusaiba Member of Saudi Arabia

A, B, E – frag ments of Rastrites spp.; C, D – Parapetalolithus giganteus, dis tal, and prox i mal and mesial parts of the same
rhabdosome, re spec tively; F – Spirograptus guerichi; G – Oktavites contortus?; H – “Spirograptus” andrewsi?; I – Oktavites
contortus?; J – Streptograptus cf. ansulosus; scale bars: A – 2 mm, B–I, H – 1 mm, J – 0.5 mm
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Fig. 11. Illustrative camera lucida images of Rhuddanian graptolites from the Qusaiba Member of Saudi Arabia

A – Normalograptus cf. jideliensis; B – Akidograptus ascensus; C – Normalograptus medius; D – Normalograptus lubricus; E –
Normalograptus normalis; F – Normalograptus? cf. lungmaensis; G – Neodiplograptus lanceolatus; H – Neodiplograptus aff.
daedalus; I –Normalograptus? cf. persculptus; J – Normalograptus? parvulus; scale bars are 1 mm
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Fig. 12. Illustrative camera lucida images of Rhuddanian graptolites from the Qusaiba Member of Saudi Arabia

A – Parakidograptus acuminatus; B – Normalograptus rectangularis; C – Normalograptus trifilis; D – Dimorphograptus confertus
s.l.; E – Cystograptus vesiculosus; F – Atavograptus sp.; G – Huttagraptus praestrachani; H – Huttagraptus incurvus?; I –
Rhaphidograptus toernquisti; J – Normalograptus longifilis; K – Metaclimacograptus hughesi sensu Zalasiewicz (1996); L, M –
Huttagraptus sp. 2 of Koren’ and Bjerreskov; N – Neodiplograptus parajanus; O – Neodiplograptus cf. apographon; P –
Normalograptus cf. tariti; scale bars are 1 mm



confertus (Nichol son) s.l. and Neodiplograptus fezzanensis
(Desio): the ear li est oc cur rence of Glyptograptus tamariscus
(Nichol son) s.l. is just be low these three taxa in cores. The up -
per most in ter val of this biozone prob a bly over laps with the
lower part of the fezzanensis Biozone of Libya (see Štorch and
Massa, 2006).

CORONOGRAPTUS CYPHUS BIOZONE

The cyphus Biozone was orig i nally dis tin guished in the
Rhayader area of cen tral Wales by Lapworth (1900; see
Zalasiewicz et al., 2009). In Saudi Ara bia the biozone is de fined
by the to tal range of Coronograptus cyphus (Lapworth). In Brit -
ain C. cyphus is known to oc cur in as sem blages of the acinaces
Biozone (Hutt and Rickards, 1970; Zalasiewicz et al.,
2009: 829), equiv a lent to the up per part of the vesiculosus
Biozone of Saudi Ara bia. We have found C. cyphus to be a
good marker for an in ter val be tween the ranges of C.
vesiculosus and the ear li est Demirastrites triangulatus s.l. in
Saudi Ara bia, and the spe cies de mar cates a sim i lar in ter val in
Bo he mia (Štorch, 1994). In to tal, the cyphus Biozone yields
about 20 graptolite taxa (Fig. 3A) in clud ing the ear li est oc cur -
rences of Coronograptus gregarius (Lapworth), Glyptograptus

sinuatus (Nichol son) s.l., and graptolites of the Monograptus
revolutus group in clud ing Monograptus sudburiae Hutt. The
biozone typ i cally oc cu pies only a very thin suc ces sion of black
mudstones with a max i mum thick ness of 0.3 m and in many
cores the cyphus Biozone is miss ing or un re corded. The small
thick ness of the cyphus Biozone would likely pre clude its rec og -
ni tion in most Ara bian sur face ex po sures. The cyphus Biozone
of Saudi Ara bia likely cor re lates with the up per part of the N.
fezzanensis Biozone of Libya (Štorch and Massa, 2006) and
ap prox i mately with the revolutus Biozone of Brit ain sensu
Zalasiewicz et al. (2009).

DEMIRASTRITES TRIANGULATUS BIOZONE

The triangulatus Biozone rep re sents the low er most in ter val
of the “Monograptus gregarius zone” of Lapworth (1878), later
sub di vided into triangulatus, magnus and leptotheca biozones
(for his tory, see Sudbury, 1958; Zalasiewicz et al., 2009). In
Saudi Ara bia the triangulatus Biozone is char ac ter ized by 19
graptolite taxa (Fig. 3A) and is iden ti fied by the first oc cur rence
of Demirastrites triangulatus (Harkness) s.l., which is abun dant
at some ho ri zons, to gether with Pribylograptus incommodus
(Törnquist) and “Paraclimacograptus” libycus (Desio).
Rhaphidograptus toernquisti is com monly found. The base of
the triangulatus Biozone and of the Aeronian Stage is of ten
readily iden ti fi able from this as sem blage in the con tin u ous core, 
even where the epon y mous biozonal fos sil is ab sent. The lower
part of the biozone in cludes Demirastrites cf. triangulatus
predecipiens Sudbury, while Rastrites longispinus Perner ap -
pears in the up per part. In some bore holes the thick ness of the
com bined triangulatus and over ly ing thuringiacus biozones is
<1 m, though the triangulatus Biozone more typ i cally oc cu pies
a suc ces sion of about 2 m of black mudstones in Saudi Ara bia.
It is equiv a lent, at least in part, to the gregarius–libycus Biozone 
of Libya (Štorch and Massa, 2006) in di cated by the first oc cur -
rence of “P.” libycus at this level. While the gregarius–libycus
Biozone as sem blage is of low di ver sity in North Af rica, in Saudi
Ara bia the triangulatus Biozone as sem blage is di verse, pos si -
bly re flect ing greater Si lu rian ma rine-shelf wa ter-depths in the
Ara bian suc ces sion. The first oc cur rence of Demirastrites
triangulatus s.l. and Rastrites at this level in Saudi Ara bia also
in di cates cor re la tion with the triangulatus Biozone in Brit ain
(see Hutt, 1975).

NEODIPLOGRAPTUS THURINGIACUS BIOZONE

The thuringiacus Biozone takes its name from
Neodiplograptus thuringiacus (Kirste) and this biostratigraphic
in ter val ap pears to be equiv a lent to the magnus biozone of Brit -
ain, first rec og nized in the Rheidol Gorge of Wales by Jones
(1909). In Saudi Ara bia this biozone is char ac ter ized by 28
graptolite taxa (Fig. 3A, B), in clud ing the first def i nite oc cur -
rence of Neodipl. thuringiacus, and of Monograptus
pseudoplanus Sudbury, and by abun dant Monograptus
sudburiae, Demirastrites triangulatus fimbriatus (= D.
pectinatus of some au thors) and Rhaphidograptus toernquisti.
Above the base of the biozone the in ter val is as so ci ated with the 
ear li est oc cur rences of retiolitids (pos si ble Pseudoretiolites and
petalolithids (Petalolithus ovatoelongatus (Kurck)), and with the
in com ing of the dis tinc tive Pseudoglyptograptus barriei
Zalasiewicz and Tunnicliff, pos si ble Monograptus capis Hutt,
and de fin i tive Pseudorthograptus insectiformis (Nichol son).
The top of the biozone is iden ti fied by the last oc cur rence of
Demirastrites triangulatus s.l. The thuringiacus Biozone oc cu -
pies a suc ces sion of strata be tween about 0.3 and 9 m thick in
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Fig. 13. Flow-aligned Normalograptus from the Neodiplograptus
thuringiacus Biozone, Qusaiba Member, Saudi Arabia

The graptolite bottom right is 10 mm long (not including the nema)



black grap to lit ic mudstones. As both “P.” libycus and C.
gregarius range through this in ter val, at least part of the
thuringiacus Biozone of Saudi Ara bia cor re lates with an in ter val
in the up per part of the libycus–gregarius Biozone of Libya
(Štorch and Massa, 2006). As strata bear ing D. triangulatus
fimbriatus are suc ceeded im me di ately in Saudi Ara bia by those
bear ing Lituigraptus richteri (Perner) that de note the leptotheca
Biozone, it is not cer tain whether an in ter val equiv a lent to the
simulans Biozone – rec og nized in Bo he mia (see Štorch, 1994)
– may be dif fer en ti ated in the Qusaiba Mem ber.

PRIBYLOGRAPTUS LEPTOTHECA BIOZONE

This biozone was orig i nally rec og nized in the Eng lish Lake
Dis trict by Marr and Nichol son (1888) as the Monograptus
argenteus Zone, named af ter one of its de fin i tive spe cies. Later, 
Elles and Wood (1901–1918) noted the in com ing of
Pribylograptus leptotheca (Lapworth) at this level, a spe cies
that is more widely re corded than M. argenteus. In Saudi Ara bia 
the leptotheca Biozone is char ac ter ized by 36 graptolite taxa,
the base of the biozone be ing de mar cated by the first oc cur -
rence of its two most dis tinc tive spe cies, Lituigraptus richteri
and P. leptotheca (Fig. 3B). The leptotheca Biozone has a dis -
tinc tive fauna that in cludes the first oc cur rences of an un des -
cribed new spe cies of Neolagarograptus, N. helenae (Štorch),
Monograptus havliceki Štorch, M. imago Zalasiewicz, M.
limatulus inopinus Törnquist, Campograptus clingani
(Carruthers), C. lobiferus (Mc Coy), C. millepeda (Mc Coy), C.
sanctgeorgensis Štorch and Petalolithus folium (Hisinger)
(Fig. 3B). The top of the biozone is char ac ter ized by the last oc -
cur rence of Li. richteri. The most com monly oc cur ring taxon of
the leptotheca Biozone is C. lobiferus, pres ent in both low- and
high-di ver sity as sem blages. Based on the first oc cur rence of P.
leptotheca this in ter val in Saudi Ara bia is the equiv a lent of the
leptotheca Biozone in Brit ain (Hutt, 1975; Zalasiewicz et al.,
2009), but the Ara bian as sem blage shows the most strik ing
sim i lar ity to the leptotheca as sem blages of the Czech Re pub lic
de scribed by Štorch (1998). The leptotheca Biozone of Saudi
Ara bia is prob a bly equiv a lent to the “leptotheca” Biozone in
Libya (Štorch and Massa, 2006), though in the lat ter area the
biozone is char ac ter ized by a low-di ver sity as sem blage that in -
cludes Neolagarograptus helenae (Štorch): we re gard sim i lar
fau nas as in dic a tive of more shal low-wa ter ma rine lithofacies in
Saudi Ara bia (see be low). The leptotheca Biozone may oc cupy
as lit tle as 1 m of black grap to lit ic mudstone in Saudi Ara bia, but 
can be ex panded to >40 m of strata.

LITUIGRAPTUS CONVOLUTUS BIOZONE

This biozone was orig i nally rec og nized by Marr and Nichol -
son (1888) in the Eng lish Lake Dis trict and is equiv a lent to the
“clingani Zone” and “cometa band” of Lapworth (1878). In Saudi 
Ara bia the biozone yields over 30 graptolite taxa, many of them
rang ing from the pre ced ing leptotheca Biozone (Fig. 3B). It is
char ac ter ized by the first ap pear ances of Lituigraptus
convolutus (Hisinger), Torquigraptus decipiens (Törnquist),
Monograptus limatulus limatulus Törnquist, Neolagarograptus
impolitus Štorch, Rastrites hybridus Lapworth, Torquigraptus
urceolinus (Stein), Rivagraptus bellulus (Törnquist), and
Pristiograptus regularis (Törnquist). Paradiversograptus rectus
(Manck) and Torquigraptus involutus (Lapworth) also have their 
first oc cur rences in this biozone, but above the base. Small
frag ments of Li. convolutus are of ten dif fi cult to dis tin guish from
Li. richteri in core ma te rial and in many in stances the convolutus
Biozone has been dis tin guished from the pre ced ing leptotheca

in ter val by the dis tinc tive T. decipiens. Pribylograptus
leptotheca ranges through much of this biozone, but dis ap -
pears at a level ap prox i mately co in ci dent with the in com ing of
Neolagarograptus rickardsi El Khayal, a spe cies that in for mally
iden ti fies a dis crete “rickardsi in ter val” in the up per most
convolutus Biozone. The neolagarograptids pro vide a sub di vi -
sion more widely, as N. impolitus Štorch oc curs in the lower part 
of the biozone, while N. tenuis (Portlock) ap pears just be fore
the top of the biozone. This evo lu tion ary lin eage of
Neolagarograptus is more use ful here than the well-known suc -
ces sion of Cephalograptus spe cies (Snelling et al., 2011), as
the lat ter are rare in Saudi Ara bia. The top of the convolutus
Biozone seems gen er ally co in ci dent with the last oc cur rence of
Li. convolutus, though the sim i lar taxon, Lituigraptus urceolus
(Rich ter) (dis tin guished by more closely spaced thecae),
ranges up into the sedgwickii Biozone. At some lev els,
Normalograptus scalaris (Hisinger) dom i nates the as sem -
blages.

Based on the first oc cur rences of T. decipiens and Li.
convolutus, this in ter val is the strati graphic equiv a lent of the
convolutus Biozone in Libya (Štorch and Massa, 2006), the
Czech Re pub lic (Štorch, 1998) and Brit ain (Zalasiewicz et al.,
2009). In some re gions of Saudi Ara bia thin rock suc ces sions
bear ing convolutus Biozone as sem blages (3 to 4 m thick) sit
un con form ably atop Late Or do vi cian suc ces sions of the Sa rah
For ma tion. At its max i mum ex tent, in deep-wa ter graptolite
shale fa cies, the convolutus Biozone oc cu pies an in ter val of
black mudstones that are more than 20 m thick.

STIMULOGRAPTUS SEDGWICKII BIOZONE

This biozone was dis tin guished by Lapworth (1878) in the
Birkhill Shales For ma tion of south ern Scot land and is typ i fied by 
the first oc cur rence of Stimulograptus sedgwickii (Portlock). In
Saudi Ara bia the sedgwickii Biozone com prises about 19 taxa,
mostly rang ing from the pre ced ing convolutus Biozone. The
low er most in ter val of the sedgwickii Biozone is char ac ter ized by 
Neolagarograptus tenuis (Portlock) that is char ac ter is tic of the
N. tenuis as sem blage Biozone in Libya (Štorch and Massa,
2006; see also Pannell et al., 2006): this in ter val also in cludes
the first oc cur rence of Parapetalolithus altissimus (Elles and
Wood). The ear li est N. tenuis slightly pre cedes S. sedgwickii in
Saudi Ara bia, but the two graptolites over lap in the lower part of
the biozone (through circa 4 m of strati graphic thick ness in one
core). Cephalograptus cometa extrema Bouèek and Pøibyl, a
taxon most of ten as so ci ated with the up per most convolutus
Biozone, oc curs spo rad i cally (and in deed, pos si bly ranges into
the over ly ing halli Biozone). The sedgwickii Biozone oc curs in a 
rel a tively nar row in ter val of typ i cally 2 to 5 m of strata, but pos si -
bly as much as 8 m of black grap to lit ic mudstone in one core. It
is a cor re la tive of the lower part of the sedgwickii Biozone of
Libya, in clud ing the tenuis in ter val (Štorch and Massa, 2006),
but not of the whole of the Lib yan in ter val that in cludes
graptolites with a youn ger as pect (e.g., Pristiograptus cf.
renaudi). The sedgwickii Biozone of Saudi Ara bia is the cor re la -
tive of the same biozone in Brit ain (Zalasiewicz et al., 2009).

STIMULOGRAPTUS HALLI BIOZONE

The halli Biozone was rec og nized in Wales by Jones and
Pugh (1916) and re vi tal ized by the stud ies of Loydell (1991,
1992, 1993). The nom i nate spe cies of the biozone,
Stimulograptus halli (Barrande), is dis tin guished from the con -
tem po ra ne ous S. sedgwickii by its broader dorso-ven tral width
(see Loydell, 1993), though in prac tice the di men sions of halli
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and sedgwickii over lap (see dis cus sion of the his tory of this
biozone in Zalasiewicz et al., 2009). The halli Biozone rep re -
sents a dis tinc tive in ter val in Saudi Ara bia char ac ter ized by 25
taxa, and as so ci ated with the first de fin i tive oc cur rence of
Oktavites contortus (Perner), and of Comograptus barbatus
(Elles and Wood), Rastrites schaueri Štorch and Loydell, R.
linnaei Barrande, R. gracilis Pøibyl, Streptograptus ansulosus
(Törnquist) and Torquigraptus linterni Wil liams et al. (see
Fig. 3C). These in di cate its cor re la tion with the halli Biozone of
Brit ain. There is a dis tinct up per part of the biozone in Saudi
Ara bia, prob a bly re flect ing an in ter val which is com monly bar -
ren of graptolites else where, and which in cludes the
Aeronian–Telychian bound ary (see also Štorch and Fryda,
2012). It in cludes taxa such as “Spirograptus” andrewsi
(Sherwin) and pos si ble Lituigraptus rastrum (Rich ter), though
as sem blages are com monly of low di ver sity, with swarms of S.
ansulosus be ing lo cally com mon. Fur ther study of this in ter val
could pro vide a clearer def i ni tion of the Aeronian–Telychian
bound ary, par tic u larly given the prob lems with the bound ary
stratotype clearly dem on strated by Davies et al. (2013). The
halli Biozone as sem blage of graptolites has not been re corded
from Libya (Štorch and Massa, 2006), and the halli Biozone
prob a bly equates to an un spec i fied in ter val in the up per part of
the sedgwickii Biozone there. The first oc cur rence of R. linnaei
in the halli Biozone in di cates that this level in Saudi Ara bia
equates to the lower part of the linnaei Biozone of the Czech
Re pub lic (Štorch and Loydell, 1992). The halli Biozone is pres -
ent through up to 7 m of black grap to lit ic mudstones in Saudi
Ara bia.

SPIROGRAPTUS GUERICHI BIOZONE

The guerichi Biozone was de fined by Loydell et al. (1993)
and rep re sents the lower part of the turriculatus Biozone s.l. of
for mer us age (see for e.g., Rickards, 1976). In Saudi Ara bia the 
biozone con tains over 40 taxa and is iden ti fied by the in com ing
of Spirograptus guerichi Loydell, Štorch and Melchin (Fig. 3C).
The top of the biozone is un cer tain in Saudi Ara bia, as the
biozonal fos sil of the suc ceed ing turriculatus Biozone has not
been re corded in the Qusaiba Mem ber. In Wales the guerichi
Biozone has been sub di vided into four subzones: the
runcinatus, gemmatus and renaudi subzones, and the lower
part of the utilis Subzone (Loydell, 1992, 1993). We do not rec -
og nize a sep a rate runcinatus Biozone in Saudi Ara bia, as taxa
typ i cal of the gemmatus Biozone (Monograptus gemmatus
(Barrande) it self, Glyptograptus fastigatus Haberfelner,
Pristiograptus renaudi (Philippot), and Streptograptus
pankhurstae (Sherwin) soon suc ceed a low-di ver sity and re -
gion ally vari able unit up to 5 m thick that seems mostly as sign -
able to the un der ly ing halli Biozone. Some of these graptolites
seem to pre cede the ap pear ance of Spirograptus guerichi it self, 
though this needs fur ther study, as S. guerichi is spo radic in its
dis tri bu tion early in its range. The to tal thick ness of strata in
which the guerichi Biozone is de vel oped ex ceeds 30 m of black
mudstone in the con tin u ous core.

The guerichi Biozone of Saudi Ara bia re cords es sen tially
the same suc ces sion of graptolites, and is an equiv a lent of the
guerichi Biozone in Brit ain. The over all suite of graptolites, and
the com mon oc cur rence of Rastrites linnaei Barrande and R.
maximus Carruthers through this in ter val, also in di cate equiv a -
lence to the mid dle and up per part of the linnaei Biozone in the
Czech suc ces sion (Štorch and Loydell, 1992).

Monograptus gemmatus Subzone. In Saudi Ara bia this
subzone is dis tin guished by the to tal range of Monograptus
gemmatus. In con tin u ous core the base of this in ter val is rec og -
nized by the first oc cur rence of the char ac ter is tic early

Telychian Monograptus bjerreskovae Loydell, the most com -
mon spe cies at this level, and by Glyptograptus fastigatus. The
gemmatus Subzone is also char ac ter ized by the first oc cur -
rence of a suite of Streptograptus spe cies (Fig. 3C), in clud ing S. 
plumosus (Baily), S. strachani Loydell and S. filiformis Chen,
while an other dis tinc tive mem ber of this as sem blage is
Streptograptus pankhurstae. The top of the subzone is de fined
as the in ter val im me di ately pre ced ing the first oc cur rence of a
suite of ro bust Parapetalolithus graptolites that de fine the base
of the suc ceed ing renaudi Subzone. In prac tice the sub-zonal
bound ary is of ten dif fi cult to es tab lish, as M. gemmatus is rare in 
its up per range.

Pristiograptus renaudi Subzone. This subzone is of ten
dif fi cult to rec og nize in cores, as the nom i nate spe cies, P.
renaudi, is long-rang ing from the ear li est Telychian. The first oc -
cur rences of Rastrites fugax Barrande and Streptograptus
storchi Loydell equate to a level in the up per most gemmatus
Subzone or lower renaudi Subzone. De ci sive in di ca tion of the
renaudi Subzone is given by Parapetalolithus elongatus
(Bouèek and Pøibyl), Parapetalolithus conicus (Bouèek), and
Parapetalolithus giganteus (Bouèek and Pøibyl), in tan dem with
abun dant P. renaudi. The up per part of the subzone is char ac -
ter ized by Torquigraptus cavei Loydell.

Stimulograptus utilis Subzone (lower part). This
subzone is only ten ta tively iden ti fied in Saudi Ara bia, based on
the oc cur rence of Pristiograptus cf. bjerringus (Bjerreskov) at
two ho ri zons in one core, co-oc cur ring with Stimulograptus
becki (Barrande) and Spirograptus guerichi: P. cf. bjerringus
suc ceeds an in ter val with P. giganteus and T. cavei that is typ i -
cal of the up per renaudi Subzone. In Spain, P. bjerringus is
known from the palmeus Subzone (Guitiérrez-Marco and
Štorch, 1998) that prob a bly cor re lates to the same strati graphi -
cal level as the renaudi Subzone.

REGIONAL SIGNIFICANCE OF THE SAUDI
ARABIAN GRAPTOLITE BIOZONATION

Cor re la tion of the graptolite biozonation for the Early Si lu -
rian of Saudi Ara bia with the biozonal schemes in North Af rica,
the Czech Re pub lic and the UK is shown in Fig ure 14. Dif fer -
ences in the ranges of in di vid ual taxa be tween re gions have
been noted in the dis cus sion of the biozones above. Here we
com ment on dif fer ences in the def i ni tion of par tic u lar in ter vals of 
the Ara bian biozonal scheme where they are im por tant for in ter -
re gional cor re la tion.

CORRELATION OF THE ASCENSUS–ACUMINATUS 
AND VESICULOSUS BIOZONES

The ear li est N. lubricus Biozone in ter val of Saudi Ara bia ap -
pears equiv a lent to the lo cally dis tin guished lubricus Subzone
of Uzbekistan, the low er most in ter val of the ascens -
us–acuminatus Biozone as de fined there (Koren’ and Melchin,
2000). In Saudi Ara bia the suc ces sion of graptolites in the early
Rhuddanian is es sen tially com pa ra ble with that rec og nized in
peri-Gondwanan Eu rope and Jor dan (see Štorch, 1996;
Loydell, 2007), there be ing an early ascensus–acuminatus
Biozone char ac ter ized by abun dant Akidograptus ascensus,
while Normalograptus trifilis and abun dant Parakidograptus
acuminatus ap pear at youn ger lev els in the biozone. The base
of the suc ceed ing vesiculosus Biozone is here taken at the first
ap pear ance of the epon y mous spe cies, as gen er ally else where
(Štorch, 1994: fig. 2): over lap ping ranges for P. acuminatus and 
Cystograptus vesiculosus are not re corded in Saudi Ara bia (cf.
Štorch, 1996).
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CORRELATION OF THE FEZZANENSIS BIOZONE OF NORTH AFRICA

The graptolite as sem blages of Saudi Ara bia con tain
Neodiplograptus fezzanensis from the up per part of the
vesiculosus Biozone, co-oc cur ring with the ear li est
Rhaphidograptus toernquisti, Metaclimacograptus undulatus
and Glyptograptus tamariscus. N. fezzanensis is wide spread,
oc cur ring in the suc ces sion of North Af rica (e.g., Legrand,
1979) and Cen tral Eu rope (Štorch, 1996). Oc cur rence of N.
fezzanensis within the vesiculosus Biozone sug gests that in
part, the fezzanensis Biozone of North Af rica (see Štorch and
Massa, 2006) cor re lates with the up per vesiculosus Biozone
(Fig. 14). Štorch and Massa (2006) re corded N. fezzanensis
with graptolites of the cyphus Biozone, though this has not been 
rep li cated in Saudi Ara bia, and they con sid ered the to tal range
of N. fezzanensis to ex tend into the ear li est Aeronian.

SUBDIVISION AND CORRELATION OF THE SEDGWICKII BIOZONE

Pannell et al. (2006) iden ti fied a dis crete strati graphi cal in -
ter val at the base of the sedgwickii Biozone in Scot land that was 
char ac ter ized by sev eral peaks of abun dance of
Neolagarograptus tenuis. They sug gested that these peaks
might rep re sent widely cor re lat able events. Else where the in ter -
val of the lower sedgwickii Biozone has been iden ti fied as a dis -
crete tenuis Subzone that is char ac ter ized by the abun dance of
the epon y mous spe cies, and which is rec og nized in Bo he mia
and North Af rica (Štorch and Massa, 2006), and also in the
lower part of the sedgwickii Biozone in Saudi Ara bia. Pannell et
al. (2006) sug gested that this in ter val rep re sented about
0.2 Ma, be ing of com pa ra ble du ra tion to the subzones of the
Telychian guerichi Biozone. This pro vides a highly re solved
stra tig ra phy that al lows cor re la tion from palaeocontinental
Gond wana at high south ern palaeo-lat i tude to palaeoconti -
nental Laurentia in the palaeo-trop ics.

CORRELATION OF THE EARLY TELYCHIAN

The guerichi Biozone of the early Telychian is well-de vel -
oped in Saudi Ara bia, the in ter val be ing char ac ter ized by the

com mon oc cur rence of the biozonal in dex spe cies
Spirograptus guerichi. This graptolite oc curs in strata suc ceed -
ing those of a well-de fined halli Biozone that in di cate its cor re la -
tion with the guerichi Biozone of Wales (see Loydell, 1991,
1992, 1993). Strata bear ing S. guerichi in Saudi Ara bia suc -
ceed those with the ear li est Rastrites linnaei, pro vid ing cor re la -
tion with suc ces sions in con ti nen tal Eu rope that iden tify a
linnaei Biozone at this strati graphic level (see Štorch and
Loydell, 1992; Gutiérrez-Marco and Štorch, 1998). The low er -
most part of the guerichi Biozone in Saudi Ara bia does not usu -
ally bear the subzonal in dex fos sil Paradiversograptus
runcinatus (Lapworth). P. runcinatus has been found in low-di -
ver sity as sem blages in lithofacies that seem to rep re sent more
in shore con di tions. P. runcinatus is known from Wales (Loydell
1993), though Gutiérrez-Marco and Štorch (1998) noted the
rar ity of this graptolite in the Span ish suc ces sion, and chose to
iden tify a com bined runcinatus–gemmatus Subzone as the low -
er most in ter val of the linnaei Biozone. We sug gest that part of
the low-di ver sity in ter val at the base of the guerichi Biozone in
Saudi Ara bia may equate to the runcinatus Subzone in Wales;
in both ar eas it is suc ceeded by rocks that bear abun dant
Monograptus gemmatus, with this graptolite ef fect ing a clear
subzonal cor re la tion be tween the Welsh and Ara bian suc ces -
sions. Above the gemmatus Subzone in Saudi Ara bia the
renaudi Subzone can be rec og nized and this is prob a bly an
equiv a lent biostratigraphic level to the epon y mous subzone in
Wales (Loydell, 1992). As the renaudi Subzone in Saudi Ara bia
also con tains Parapetalolithus elongatus, this sug gests cor re la -
tion with the palmeus Subzone of the linnaei Biozone in Spain
(Gutiérrez-Marco and Štorch, 1998).

GRAPTOLITE BIOTOPES

Anal y sis of the tem po ral and spa tial dis tri bu tion of the
graptolites in over 130 cores from Saudi Ara bia iden ti fies a per -
sis tent pat tern of Llandovery age depth-strat i fied ma rine as -
sem blages. These have been in ter preted from their as so ci ated
fauna and lithofacies and from knowl edge of palaeo-ba sin
bathymetry (Konert et al., 2001). These dis tri bu tion pat terns re -
sem ble those syn the sized for Or do vi cian graptolites by Coo per

Fig. 14. Correlation of graptolite biozones for the Early Silurian (Llandovery) of Saudi Arabia with the graptolite biozonal
schemes in North Africa (Libya, Štorch and Massa, 2006), United Kingdom (Zalasiewicz et al., 2009), and the Czech Republic

(Štorch, 1994, 1996); data are also compiled from Loydell (2012)



and Sadler (2010 and ref er ences therein), who iden ti fied a sur -
face-dwell ing biotope oc cu py ing the euphotic zone of Or do vi -
cian oceans, anal o gous to the mixed layer of mod ern oceans,
and, a deeper wa ter biotope the dis tri bu tion of which may have
been con trolled by ox y gen-level and food sup ply, oc cu py ing the 
ox y gen-min i mum zone of Or do vi cian oceans, and bear ing the
typ i cal as sem blages of grap to lit ic black mudstones.

In gen eral, bore holes from north-west Saudi Ara bia (Fig. 2)
pen e trate black shale suc ces sions that re cord con tin u ous de -
po si tion on a dis tal ma rine shelf, through sev eral graptolite
biozones. These cores pre serve lit tle ev i dence of bur row ing
benthos, or of shelly fauna. Typ i cal as so ci ates of the graptolites 
are orthoconic nautiloids and small (pseudoplanktonic?)
lingulate brachi o pods. The graptolites in these ma rine set tings
are typ i cally high-di ver sity as sem blages, some times reach ing
15 spe cies on a sin gle lam i na tion sur face in core. In the
Aeronian and Telychian such as sem blages are char ac ter ized
by spi rally and heli cally coiled spe cies of Lituigraptus (Li. richteri
and Li. convolutus), Torquigraptus (T. involutus, T. linterni),
Spirograptus (S. guerichi) and Rastrites (R. linnaei, R.
maximus). Graptolites of this as sem blage are not found in more 
near-shore fa cies, or in re gions of el e vated ba sin to pog ra phy
where sea wa ter depth shoaled.

Graptolites of a low-di ver sity, pre sumed sur face-dwell ing
graptolite biotope are pre served with their deep-wa ter coun ter -
parts in deep ba sin set tings. That they were near-sur face dwell -
ers is sug gested by their pres ence in more near-shore shelf en -
vi ron ments of cen tral and east ern Saudi Ara bia, where a range
of sand-dom i nated suc ces sions in di cates the in flu ence of
prograding del tas ac tive from the Early Si lu rian. They are pre -
served with an ex ten sive ben thic fau nal as sem blage (in clud ing
trilobites, bi valves, brachi o pods, bur rows) on top o graphic highs 
within deeper ba sin set tings in the north west ern area, where
they can be used to de ter mine palaeo-ba sin to pog ra phy. These 
shal low biotope graptolites typ i cally com prise spe cies of
Normalograptus, Neodiplograptus (N. fezzanensis),
Stimulograptus (e.g., S. sedgwickii, S. becki), Neolagaro -
graptus and Coronograptus (es pe cially C. gregarius), with a di -

ver sity of gen er ally one or two taxa at each ho ri zon. Štorch and
Massa (2006) have de scribed sim i lar as sem blages from North
Af rica, con trast ing these with the more richly di verse as sem -
blages of peri-Gondwanan Eu rope. Graptolites of the pre sumed 
sur face-dwell ing biotope are of ten pres ent as flow-aligned as -
sem blages on lam i na tion sur faces, pre sum ably de pos ited from
tur bid ity or storm-driven cur rents that formed on the shelf, trans -
port ing the graptolites ba sin-wards (Fig. 13).

Coo per and Sadler (2010) noted the over all sta bil ity of the
sur face-dwell ing epipelagic graptolite biotope and its lower sus -
cep ti bil ity to en vi ron men tal per tur ba tion from cli mat i cally in -
duced changes to ocean cir cu la tion. By con trast, they noted
that the deep-wa ter biotope was sus cep ti ble to change, be ing
wide spread in strat i fied oceans dur ing green house cli mates,
but dis rupted by a thermohaline cir cu la tion dur ing ice house cli -
mate states. They noted the tem po ral lon gev ity of taxa from the
sur face epipelagic biotope and equated this to en vi ron men tal
sta bil ity, a pat tern that may also be pres ent in some of the Si lu -
rian graptolites. Thus, graptolites of the sur face-dwell ing
biotope rec og nized in Saudi Ara bia in clude the long-lived
Coronograptus gregarius (span ning five graptolite biozones),
“Paraclimacograptus” libycus (span ning four), and Stimulo -
graptus sedgwickii (span ning three). This biotope also con tains
short-lived, but closely re lated Neolagarograptus spe cies such
as N. rickardsi and N. tenuis.

GRAPTOLITE BIOGEOGRAPHY

Here we com pare the biogeographical sig na ture of the
Saudi Ara bian graptolites with con tem po ra ne ous fau nas in
North Af rica, con ti nen tal Eu rope and the UK. These ar eas rep -
re sent palaeo geo graphi cal en ti ties that were Gondwanan and
peri-Gondwanan (e.g., the Perunica mi cro-con ti nent for Bo he -
mia), Avalonian and Lau ren tian, and which pro vide a lat i tu di nal
gra di ent from the south ern high palaeo-lat i tudes to the
palaeo-trop ics (Fig. 15): this dis tri bu tion can be used to as sess
some of the pos si ble en vi ron men tal and geo graph ical con trol
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Figure 15. Early Silurian (Llandovery) palaeogeography (base map from Torsvik and Cocks, 2013)

Palaeocontinents are labelled in bold. Geographical areas are labelled in italics. The Iapetus, Rheic and Panthalassic oceans are also
marked. Peri-Gondwanan terranes include Iberia, Armorica, Saxo-Thuringia and Perunica
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mech a nisms on graptolite dis tri bu tion. Dur ing the Si lu rian,
Gond wana formed a large south erly land mass com posed of Af -
rica, South Amer ica, In dia, Aus tra lia, Antarctica and the Ara -
bian Pen in sula. This supercontinent strad dled the palaeo geo -
graphi cal South Pole, but ex tended into mid-lat i tudes (Fig. 15):
Saudi Ara bia was sit u ated at mid south ern palaeo-lat i tude, be -
tween 30° to 50°S.

The early Rhuddanian graptolites of Saudi Ara bia show a
re mark ably sim i lar biogeographical mo tif to as sem blages of
peri-Gondwanan Eu rope (see Štorch, 1996). Es pe cially at the
level of the ascensus–acuminatus Biozone, these as sem -
blages are of ten dom i nated by large Neodiplograptus spe cies,
par tic u larly N. parajanus, N. africanus, N. lanceolatus and N. cf.
apographon. Graptolites of this as sem blage are well-doc u -
mented from Jor dan (Loydell, 2007), Spain, Ger many, Aus tria
and Bo he mia (Štorch 1996: fig. 5). But, they are ab sent from the 
early Rhuddanian graptolite as sem blages of Brit ain (e.g.,
Toghill, 1968; Zalasiewicz and Tunnicliff, 1994). Nev er the less,
much of the graptolite fauna of the low er most Rhuddanian in
Saudi Ara bia com prises taxa that oc cur also at lower palaeo-lat -
i tudes, in clud ing Akidograptus ascensus, Normalograptus?
parvulus, Normalograptus trifilis and Parakidograptus
acuminatus. These graptolites are used to zone the same in ter -
val in the South ern Up lands of Scot land, and there fore oc cu -
pied the south ern, ocean-fac ing mar gin of palaeo-trop i cal
Laurentia (Fig. 15). Ei ther these graptolites were deep-wa ter
forms whose dis tri bu tion was not con trolled by the sur face-wa -
ter tem per a ture gra di ent; or they were eurythermic and not af -
fected by this gra di ent; or, there was a low ther mal gra di ent
from the trop ics to the poles in the deglacial in ter val fol low ing
the Hirnantian ice house. The lat ter sce nario seems un likely, as
the dis tinct high to mid lat i tude Neodiplograptus-dom i nated as -
sem blage pres ent in Saudi Ara bia and peri-Gondwanan Eu -
rope sug gests a cool wa ter sur face as sem blage adapted for
these palaeo-lat i tudes, and this is not pres ent at (warmer?)
lower lat i tudes. Štorch (1996) has dis cussed dis tinct dif fer ences 
be tween the Gondwanan as sem blages of the
ascensus–acuminatus Biozone and other palaeo geo graphi cal
en ti ties in clud ing South China, Si be ria and Kazakhstan, not ing
for ex am ple the abun dance of metaclima cograptids in the as -
sem blages of the Gorny Altai.

The per sis tence of a dis tinc tive Gondwanan fauna in Saudi
Ara bia con tin ues into the vesiculosus and cyphus biozones and is
typ i fied by Neodiplograptus fezzanensis, and in the early to mid
Aeronian by “Paraclimacograptus” libycus. Nev er the less, this high 
lat i tude fauna is as so ci ated with post-ascensus–acuminatus cos -
mo pol i tan graptolites, that in clude at the level of the vesiculosus
Biozone the pan-lat i tude spe cies Cystograptus vesiculosus,
Rhaphidograptus toernquisti and Metaclimacograptus undulatus,
and in the cyphus Biozone, Coronograptus cyphus, C. gregarius
and the revolutus-group monograptids. Dis tinc tive Saudi Ara bian
fau nas can still be iden ti fied within the Aeronian, and in clude at the
level of the leptotheca Biozone an un des cribed (ap par ently new)
Neolagarograptus spe cies. Biogeographical dif fer ences are also
ex em pli fied by the ab sence of Campograptus harpago (Törnquist) 
from Saudi Ara bia (see Chopey-Jones et al., 2003: fig. 5) a taxon
thought to char ac ter ize mid-lat i tude re gions at this time. Nev er the -
less, much of the mid-Aeronian graptolite fauna of Saudi Ara bia is
in dis tin guish able at the spe cies-level from the con tem po ra ne ous

fau nas of Bo he mia (Štorch, 1994), Wales (e.g., Zalasiewicz,
1996) and Scot land (e.g., Chopey-Jones et al., 2003).

The in com ing of Neolagarograptus tenuis char ac ter izes the 
be gin ning of a late Aeronian and early Telychian in ter val in
Saudi Ara bia that is es sen tially com posed of cos mo pol i tan
taxa, which also oc cur at lower palaeo-lat i tude. Thus, the Saudi
Ara bian graptolite as sem blage of the sedgwickii Biozone con -
tains spe cies that are also pres ent in south ern Scot land
(Pannell et al., 2006; Wil liams et al., 2003), Eng land (e.g., Hutt,
1975), Wales (Loydell, 1992, 1993) and Bo he mia (Štorch,
1994). This pat tern con tin ues into the halli and guerichi
biozones, en abling sub-zonal cor re la tion be tween Wales and
Saudi Ara bia. More in shore shelf depositional suc ces sions in
Saudi Ara bia do not re cord graptolites in the sedgwickii Biozone 
(Zalasiewicz et al., 2007; Page et al., 2007), but this is not re -
flected in the con tin u ous depositional suc ces sions of dis tal
shelf set tings in north-west Saudi Ara bia where the sedgwickii
Biozone is richly fossiliferous and con tig u ous with pre ced ing
convolutus and suc ceed ing halli in ter vals. This adds weight to
the sug ges tion of Loydell (1998: 454) that the lack of sedgwickii
Biozone fau nas in some ar eas (e.g., Born holm,
palaeocontinental Baltica, see Bjerreskov, 1975) may not rep -
re sent a global sea level fall in the ear li est sedgwickii Biozone,
and this is coun ter to the idea of a sedgwickii Biozone gla ci ation 
(cf. Page et al., 2007). In stead, the ab sence of sedgwickii
Biozone fau nas from some ar eas may re late to lo cal ba sin evo -
lu tion. In Wales, as in Saudi Ara bia, the sedgwickii Biozone is
partly in black shales and is grap to lit ic (Zalasiewicz, 1990). But,
the sedgwickii-bear ing suc ces sion in Wales prob a bly rep re -
sents only part of the sedgwickii Biozone, with much of the rock
in ter val in oxic, grey mudstones.

CONCLUSIONS

Anal y sis of graptolites from the Qusaiba Mem ber, Qalibah
For ma tion of Saudi Ara bia, pro vides a re fined graptolite
biostratigraphy for the Ara bian Pen in sula. Over 150 graptolite
spe cies char ac ter ize 11 biozones from the base of the
Llandovery to the lower Telychian guerichi Biozone. Graptolite
spa tial dis tri bu tion sug gests per sis tent depth-strat i fied as sem -
blages, with low-di ver sity sur face-dwell ing as sem blages char -
ac ter ized by spe cies of Neodiplograptus, Coronograptus,
Neolagarograptus and Stimulograptus, and higher di ver sity (up
to 15 spe cies per ho ri zon), deeper ma rine as sem blages typ i fied 
by dor sally curved and heli cally coiled spe cies of Spirograptus,
Demirastrites, Lituigraptus, Rastrites and Torquigraptus.
Biogeographically, the graptolite as sem blages of Saudi Ara bia
are re mark ably sim i lar to con tem po ra ne ous fau nas from
peri-Gondwanan Eu rope and, from the mid-Rhuddanian on -
wards, with Avalonian and Laurentian faunas.
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