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Abstract. The Middle to Late Triassic (Anisian-Carnian) Jilh Formation crops out along an approxi-
mately 880 km belt in Central Saudi Arabia to the east of the Proterozoic Arabian Shield. This outcrop
belt has been mapped, described and analysed in detail, first by geologists of the BRGM (1990-1991)
and more recently by the present authors. The current synthesis, which includes the results of previous
comprehensive analyses of the overlying Norian to Early Jurassic Minjur Sandstone/Formation in out-
crop and subsurface locations, is being published in two parts. The first part (Part I) consolidates pre-
vious sedimentological and biostratigraphic analyses, and introduces new stratigraphic results pro-
vided by conodonts and ammonoid studies. Part II “Sequence stratigraphy, depositional and struc-
tural evolution, and regional correlations” exploits the results of Part I, providing a dynamic recon-
struction and a renewed vision of the Middle to Late Triassic at the regional scale.
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The Jilh Formation at outcrop consists of a multilayer system of thinly bedded, mixed siliciclastics
with subordinate carbonates and evaporites, representing non-marine to oVshore settings. Individual
beds are di'Y cult to correlate at regional scale. A pre-existing outcrop-based, three-fold, sub-division
of the Jilh Formation into lithological units is shown to cross timelines and cannot be used as the basis
for regional correlation. Instead, new identifications of Middle and Late Triassic conodonts in the
formation and at the base of the overlying Minjur Sandstone/Formation, allied to re-interpretation of
previously described ammonoids, provide new paleogeographic and chronostratigraphic data, which
improve our understanding of transgressive-regressive (T-R) sequences at the outcrop and platform
scales and demonstrate that the lithostratigraphic units of the Jilh Formation were inconsistently
recognized at outcrop north of 25°30°N due to erosion by a fourth unit of early Alaunian (Middle
Norian) age; this raises the issue of the Jilh—-Minjur boundary addressed in Part II. Marine flooding
events are indicated by tidal flat sediments during the Anisian, and thin carbonate beds during the
Ladinian, late Julian (Early Carnian), associated with Fe-oolite beds, and Tuvalian (Late Carnian).
We recognise a regional Carnian-Norian hiatus and an early Middle Norian transgression, as well as
marine and continental erosional discontinuities aVecting the stacking pattern of the T-R wedges.
These observations and analyses provide a sound foundation for sequence stratigraphic analysis and
regional correlation, which are the subjects of Part II.

Keywords. Saudi Arabia, Triassic, Jilh Formation, Paleoenvironments, Biostratigraphy, Conodonts,

Ammonoids.
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1. Introduction

Studies of the Triassic stratigraphy across the Ara-
bian Plate have a long history. Early work was by
staV belonging to international oil companies but re-
mained proprietary. The first formal, widely avail-
able definitions of Triassic lithostratigraphy were
published between the late 1950s and the 1970s in
the series Lexique Stratigraphique International, in-
cluding volumes on Saudi Arabia, Qatar, Iraq, Iran,
Lebanon, Syria and Jordan, Yemen and adjacent ar-
eas of southern Oman. The United States Geological
Survey published a series of Professional Papers on
the Geology of the Arabian Peninsula, with volumes
on Saudi Arabia, south-western Iraq and Yemen,
also in the 1960s. Together these volumes from
the Lexique Stratigraphique International and the
USGS Professional Papers provide the original defi-
nitions of the Jilh and Minjur Formations and their
equivalents.

Most of the Arabian Plate suVers from poor bios-
tratigraphic age control during the Triassic. It is
only in a few sections near the margins of the Ara-
bian Plate or outcrops such as those described in
Part I, that have yielded good faunal or floral evi-
dence. This emphasises the importance of new bios-
tratigraphic data from the Central Saudi Arabian out-
crops, for better understanding of the regional pic-
ture. Work by the BRGM [Le Nindre et al., 1990a]
had identified thin marine units within dominantly
siliciclastic, continental to paralic Sudair, Jilh and
Minjur formations. These marine incursions are ob-

vious candidates for Maximum Flooding Surfaces
(MFS) addressed in Part II. Extensive documentation
of their sedimentology, fauna, flora and stratigraphic
architecture is provided in Part I.

The Triassic Jilh Formation and the Minjur Sand-
stone of Saudi Arabia crop out in a 50 km-wide belt
between latitudes 28°N and 21°N, along the eastern
margin of the Arabian Shield (Figure 1). Together
with the Permian-Early Triassic KhuV Formation
and the Early Triassic Sudair Shale, these formations
form an unconformable cover over the Pre-Permian
rocks, and are in turn unconformably overlain by
Jurassic and younger formations [Figure 2, Vaslet
etal., 1983]. During the USGS-supported mapping of
Saudi Arabia in the 1960s [Powers et al., 1966, Powers,
1968], initial analysis of the lithology of the Jilh and
Minjur formations led to their interpretation as alter-
nating marine or and paralic-continental units. Pow-
ers [1968] suggested a “Late Permian (?Kungurian—
Kazanian)” age for the KhuV Formation, a “Permian—
Triassic (Tatarian-Buntsandstein)” age for the Su-
dair Shale, a “Buntsandstein—-Muschelkalk” age for
the Jilh Formation, and a “Keuper to Liassic” age
for the Minjur Sandstone. The available data also
suggested that the intra-formational boundaries
were isochronous [Powers, 1968]. Subsequently,
Le Nindre et al. [1987, 1990a] gave a revised descrip-
tion of the lithostratigraphy, biostratigraphy and sed-
imentology of the Permian-Triassic at outcrop, based
on the results of the cover rock geological mapping
program at 1:250,000 scale by the Directorate Min-
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eral Resources of Saudi Arabia (DMMR) and France’s
Geological Survey (BRGM). More recent publica-
tions give a detailed description and interpretation
of the underlying KhuV Formation [e.g., Vachard
et al., 2005, Vaslet et al., 2005] and overlying Minjur
Sandstone [Issautier et al., 2012a,b, 2019]. The ob-
jective of Part I is not to re-analyse and re-interpret
the lithostratigraphy and the sedimentology already
comprehensively documented by Le Nindre et al.
[1987]. This information has also been published in
the Explanatory Notes to the Geological Map Quad-
rangles (Figure 1), and in Le Nindre et al. [1990a,b],
from which the results are briefly synthesized and
summarised herein. Part I is specifically oriented
to identification and biostratigraphic age calibra-
tion of the main T-R events in view of establishing
an MFS-based sequence stratigraphy, reconstruct-
ing the depositional and structural evolution, and
making regional correlations in Part II.

The present paper describes the sedimentary evo-
lution within the Jilh Formation, using precise bios-
tratigraphic calibration, and the internal organiza-
tion of the T-R depositional sequences. The bios-
tratigraphic analysis, essentially based on conodonts
collected from outcrops of the Jilh Formation and
from the base of the Minjur Sandstone, and on am-
monoids, makes it possible to define the age of the
units at diVerent latitudes, to establish the chronos-
tratigraphic boundaries, and to demonstrate that
successive Middle to Late Triassic transgressions had
a strong northerly component. Part of the biostrati-
graphic data comes from samples collected in the
1980s and was synthesized in Le Nindre et al. [1990a].
New key results come from samples collected in
1991-1992 within the Qibah Quadrangle and were
not studied previously. Conodont taxonomy has
been updated. In addition, a revision of ammonoids
from previous identifications, and a new specimen
collected in 2016 has reinforced the conodont-based
calibration. Inclusion of new data on Minjur Sand-
stone stratigraphy [Issautier et al., 2019] also provides
a correlation tool within the Jilh—-Minjur systems, in
the subsurface and at the platform scale, regardless
of lithologic variations.

Results, discussions, and conclusions are pre-
sented in two parts: Part I, the present paper, is
dedicated to lithostratigraphy, paleoenvironments,
ages, and subsequent stratigraphic geometry; a sub-
sequent paper, Part II, will discuss sequence stratig-

raphy, structural evolution, subsurface correlations,
and Triassic paleogeography.

2. Previous definitions
2.1. Jilh Formation

Initially defined by Bramkamp [1945, in Powers et al.,
1966] as the “Jilh limestone member”, this unit was
raised to the rank of formation (the Jilh Formation) by
Steineke and Bramkamp [1952]. The type section was
taken at Jilh al 'Ishar from 24°03'48"N, 45°46'00"E to
24°11°06"N, 45°51"30"E. In the type region (Wadi Ar
Rayn Quadrangle, Figure 1), the formation, with a to-
tal thickness of 326 m, is generally consists of cross-
bedded sandstone with clayey interbeds, incorpo-
rating several limestone and dolomite bands. How-
ever, the formation displays marked lateral variations
across its outcrop area, essentially comprising con-
tinental sandstone in the southeast, and predomi-
nantly marine carbonate sediments in the northwest.

In the type region, Bramkamp and Steineke [in
Arkell, 1952] distinguished two units based on litho-
logical analysis of the formation. From base to top,
the “Lower Jilh” (142 m) comprises 81 m of quart-
zose sandstone alternating with clay, 25 m of gyp-
siferous clay, and 36 m of limestone containing in-
terbeds of marl and fine-grained sandstone. From
base to top, the “Upper Jilh” (184 m) displays 118 m
of quartzose sandstone, the lower part of which con-
tains interbeds of fine-grained sandstone with two
thin beds of limestone at the midpoint, overlain by
66 m of sandstone and clay incorporating several
beds of sandy limestone, in turn overlain by a bed of
hard oolitic sandstone.

A fauna comprising the bivalve Myophoria sp. and
fragments of ammonoid nuclei is recorded 45-55 m
from the top of the formation [Powers, 1968]. Ac-
cording to Arkell [1952], these cephalopods typify
the Mid-Triassic, although Siberling [personal com-
munication to Powers, 1968] held the view that most
of the specimens can be assigned to a Late Triassic
genus. Based on data from the study of spores and
pollen grains in formations intersected by drill holes,
Powers [1968] nonetheless assigned an Early and
Middle-Triassic age (Buntsandstein-Muschelkalk) to
the Jilh Formation.

Sedimentologic data were subsequently provided
by Sharief [1977, 1981], who described nine sedimen-
tary facies in the Jilh Formation, including fluviatile,
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Figure 1. Simpli ed geological map of the Arabian Peninsula showing the quadrangles in which the Jilh
Formation crops out. These quadrangles in Central Saudi Arabia were mapped by the DMMR (now Saudi
Geological Survey) and France's BRGM [Hawasina happes in Oman not shown, Qatar Arch from Stewart

etal., 2016].

supratidal, coastal, and shallow-marine sediments
deposited in cyclic units (“cyclothems”); the overall
succession comprises inter ngering regressive and
transgressive intervals [Sharief, 1981]. Sharief [1977]
also mentioned the development of carbonate fa-
cies north of 25°30N and of abundant evaporitic
facies in the upper part of the formation around
26°30N. Vaslet et al. [1983], Manivit et al. [1985a]
and Vaslet et al. [1985a] assigned the Jilh Forma-
tion to the Anisian—Norian, ages principally based
on conodonts and ammonoid faunas; mapping and
sedimentologic analyses by these authors led to
the de nition of three units (lower, J1; middle, J2;
and upper, J3), each corresponding to a sedimen-
tary cycle. Manivit et al. [1985a] described a ref-
erence section at Khashm Dolgan near the original

type section (24°13N, 45°37% to 24°1N, 46°05E).
Northward and southward lateral variations along
the outcrop were described by Le Nindre et al.
[1990a].

2.2. Minjur Sandstone

Originally named the Upper Es Sirr Sandstone
by Bramkamp [1950, in Powers et al., 1966], and
subsequently recorded and de ned as the Minjur
Sandstone by Steineke and Bramkamp [1952] and
Steinecke [in Arkell, 1952], this formation was de-
scribed by Powers [1968] as essentially composed of
continental sandstones incorporating conglomerate
lenses and clay intercalations.
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Figure 2. Lithostratigraphic column of the Ar Rayn quadrangle (23°=24°N, 45-46°30 %), slightly updated
from Vaslet et al. [1983].
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The formation is 315 m thick in the type lo-
cality, “Khashm al M anjur’ ( AKhashm al Khalta,
23°3524%N, 46°10°36°E), but varies in thickness from
185 to 362 m. It contains plant debris and silici ed
wood remains. Powers [1968] assigned a Late Triassic
age (Carnian, Middle Keuper) to the lower part of the
formation from correlation with dated subsurface se-
guences, based on palynologic data. The upper part
was said to contain unspeci ed Lower Jurassic mi-
cro ora. Vaslet et al. [1985a] assumed a ?Norian to
Rhaetian age based on previous work (Late Triassic)
and on interpreted ages of the underlying Jilh Forma-
tion (Anisian—Norian). As mentioned above, this for-
mation was further described in outcrop by Le Nin-
dre et al. [1987, 1990a] and Issautier et al. [2012a,b].
Le Nindre etal. [1990a] con rmed a Norian age based
on the conodont Epigondolella abneptis (Huckriede),
recovered from carbonates near the base of the for-
mation (26°50 N and northward).

In 2019, Issautier et al. [2019] proposed an up-
dated stratigraphy for the Minjur Sandstone in out-
crop and shallow subsurface. In the subsurface, pa-
lynology has established a fourfold biostratigraphic
subdivision (partly illustrated here in Figure 12) ex-
tending from latest Carnian—early Norian to lat-
est Rhaetian—Pliensbachian (Triassic—Early Jurassic).
Subsequent to a period of subaerial exposure in the
west, transgression in the early middle Norian was
marked by marginal marine environments, with peak
marine in uence in the Middle Norian. Its signi -
cation in terms of MFS is discussed in Part Il. This
was followed by the development of a gently in-
clined alluvial or coastal plain. Palynology has also
demonstrated an intra-Rhaetian hiatus which sepa-
rates the Lower Minjur Formation from the Upper
Minjur Formation. A variety of depositional environ-
ments are represented, including alluvial fans prox-
imally, grading to uvial, then to coastal plain and
shallow marine environments distally. Regional evi-
dence (chronostratigraphic chart in Part Il) indicates
that this hiatus appears comparable in importance
to the Toarcian to Aalenian unconformity separat-
ing Sharland et al.'s [2001] Tectonic Mega-Sequences
(TMS) AP6 and AP?7.

An important aspect of the present study is the
de nition of the base of the Minjur Sandstone in out-
crop, and the nature of the contact with the under-
lying Jilh Formation. The overall de nition of the
base of the Minjur Sandstone adopted inthe di  Verent

measured sections from the BRGM/DMMR mapping
program is the following: generally, the base of the
Minjur Sandstone in most of the sections was taken
from beds of black, ferruginous, microconglomer-
atic sandstone with plant remains, debris of silici ed
wood, and sometimes the accumulation of silici ed
tree trunks. Lag deposits with quartz grains up to
2 cmin diameter and trough cross-strati cation may
also characterize this horizon. Thus, the basal Min-
jur beds contrast sharply with the underlying mar-
ginal marine deposits of the Jilh Formation although
mixed facies of dolomite pebbles, reworked in thinly
bedded sandstone, often marks the transition in the
uppermost beds of the Jilh Formation.

3. Lithostratigraphy of the Jilh Formation

In the 1980s, the mapping program at 1:250,000 by
the DMMR and BRGM surveyed the outcrops of the
Jilh Formation over 880 km from latitude 21°07 N at
Khashm Mishlah up to 28°10 N near Shamat al Akbad
in nine quadrangles (Figure 1) from south to north:
Sulayyimah [Vaslet et al., 1985b], Al Mulayh [Manivit
et al., 1985b], Wadi Ar Rayn [Vaslet et al., 1983], Ad
Darma’' [Manivit et al., 1985a], Al Faydah [Vaslet et al.,
1985a], Buraydah [Manivit et al., 1986], Qibah (Ro-
belin et al., surveyed in 1992-1993 and published in
1994), Baga' [Vaslet et al., 1987], and Turubah [Lebret
et al., 1999]. Lithostratigraphy, biostratigraphy and
sedimentology of the formation were rst published

in the explanatory notes of the maps and then syn-
thetized by Le Nindre et al. [1987, 1990a,b] from eld
and laboratory studies.

The three lithostratigraphic units (J1, J2, J3, or
lower, middle, upper unit, respectively) originate
from a sedimentological and sequential approach
to overcome lithological variability, although ne-
grained sediments dominate in J1, sandstone in J2,
and carbonate in J3 [Le Nindre et al., 1987, 1990a,
p. 198; Vaslet et al., 1983]. The three units are par-
ticularly well demonstrated in the vicinity of the of
the Khashm Dolgan reference section (24°13 21N,
45°37%34%k | Figure 3) and by the Khabra Halwah
section—23°59N—(see Section 4.2.4, Figure 8).



Figure 3. Continued on next page.
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Figure 3 (cont.).

Reference section of the Jilh Formation at Khashm Dolgan, modi ed from 1:500

description of December 1981 by Y. M. Le Nindre, C. Cavelier, D. Vaslet, J. M. Brosse and J. Manivit.

Typically, the Jilh Formation between latitudes
23°N and 25°N consists of three transgressive se-
guences of clay-siltstone, sandstone, and carbon-
ate, in which the sandstone occupies a variable po-
sition depending on the type of sedimentary bodies
it represents, and where the carbonates, marking the
most oVshore marine settings, cap each sequence.
The latter thus are essential markers for correlations.
A cuesta morphology is commonly associated with
these cycles, facilitating lateral mapping between the
sections.

2 0On the geological maps, between 1979 ( rst
map surveyed) and 1999 (last map pub-
lished), this three-fold nomenclature was
variably applied depending principally on
outcrop conditions. North of Lat. 25°30 0N,
three sequences were also recognized, but
in fact four are stacked, the fourth (i.e.,
youngest) eroding the third. This strati-
graphic geometry was interpreted as a
transgressive erosional wedge by Le Nin-

dre et al. [1987, 1990a]. Already, Vaslet et al.

[1985a] within the Al Faydah quadrangle,
and Manivit et al. [1986] within the Buraydah
quadrangle (i.e., north of 25°N) had men-
tioned Late Carnian and Norian in respect of
Unit J3 and Manivit [1987 in Le Nindre et al.,
1987, Livre 2] had demonstrated an apparent
south—north diachroneity of the lithostratig-
raphy, but, looking more carefully, uncer-
tainties over ages and geometries remained.
From these uncertainties was born the need
for a revised stratigraphy using new bios-
tratigraphic results coupled with modern
Sequence Stratigraphy principles.

Historically, and where the three-fold subdivision
was not fully applicable, “Lower Unit” and “Upper

Unit” were used. The “Lower Unit’, represented on

the maps with a clay or sandstone pattern, simply
corresponds to the J1 Unit, dominantly clastic and
unconsolidated, whose basal contact with the under-
lying Sudair Shale is commonly obscured beneath re-
cent sediments (Figure 2).

3.1. Reference section

The reference section at Khashm Dolgan,
(24°1321°N, 45°37%34% to 24°12N, 46°05E, Fig-
ure 1) near the original type section, has a total thick-
ness of 307 m. The outcropping portion is supple-
mented by 79 m of section from the cored SHD-1
well (23°13%0°N, 45°37%30°€), drilled from the rst
dolomitic cuesta of the formation, representing the
lower portion hidden under the Nafud Desert sands
(Figures 3 and 4).

3.1.1. Lower boundary

In the SHD-1 well, the transition from the Sudair
Shale below, to the Jilh Formation above, is grada-
tional and marked by an upward increase of sand-
stone content, from red-brick claystone with gyp-
sum, characteristic of the Sudair Shale, to greenish-
red clayey sandstone and to white ne-grained mi-
caceous sandstone. The base of the Jilh Formation is
placed at the base of the rst horizon of greenish-red,
micaceous, ne-grained sandstone.

3.1.2. Upper boundary

The contact between the Jilh Formation and over-
lying Minjur Sandstone is placed on an erosional
surface between a dolomitic mudstone with quartz-
sand asers, representing the last bed of the Jilh
Formation, and a ferruginous sandstone with re-
worked clasts of dolomite, the rst bed of the Minjur
Sandstone.
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