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Abstract

A sequence stratigraphic frame built from 30 wells used 10,000 ft of core to interpret lithofacies and depositional systems. Authigenic
evaporites in North Kuwait Mid Mesozoic are indicators of arid climate and sea level, and occur in three carbonate-evaporite facies:

1. Supratidal sabkha with nearshore enterolithic anhydrite in a matrix of thin, interbedded, laminated carbonates and distal shore chicken wire
fabric anhydrites;

2. Evaporite lagoons at or just above sea level, filled by dense beds of anhydrite with thin laminations and ghosts of vertical and inclined
palmate gypsum, interbedded with carbonate layers after cyanobacterial mats.

3. Restricted shallow basin fill records drops in sea level with massive to bedded bodies of anhydrite with partings of dolomite, carbonate
and/or shale interbedded with layers of massive halite.

The Jurassic of Kuwait overlies Triassic clastic and evaporitic Minjur Formation fill of the rifted Arabian Plate Tethyan margin. It is
unconformably overlain by the transgressive 2000 ft (610 m) Jurassic Marrat.

The lower Marrat thickens southeast as thin aggrading, shoaling-upward cycles of evaporite with massive anhydrites of evaporative lagoons
and thin, nodular sabkha anhydrites. The overall tabular, but stratigraphically complex middle Marrat thickens to the southeast. The basal
portion aggraded as the lower Marrat platform was flooded and rapidly deepened as the carbonate shelf retreated. The depositional profile
evolved into platform and basin divided by a high-energy barrier, while the margin prograded into a deepening basin, later filled by debris
flows and argillaceous limestone. Massive anhydrites collected in lagoons behind the barrier as the margin prograded, and lagoonal sediments
were replaced by tidal flat and sabkha facies.

The upper portion of the middle Marrat changed to carbonate and argillaceous limestone, reducing shelf-to-basin relief, filling the basin. This
argillaceous signal continued into the upper Marrat, with thin aggradational cycles of evaporites in shallow evaporative lagoons and adjacent
sabkhas.
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The upper Marrat became more open marine carbonate deepening into the shale-dominated Dhruma Formation. This argillaceous character and
that of the Marrat is from reactivated Hercynian structures of the Arabian Shield to the west and northwest. Though no unconformities were
recognized, they may be represented by condensed intervals.

Clay content decreased as the Sargelu Formation aggraded as a drowning platform into the starved, isolated Najmah basin with its shallow
marine margin. Sea level drops caused Gotnia Formation basinal anhydrite and halite precipitation. A Tithonian transgression and its shallow
evaporitic waters extended over much of the eastern Arabian shield forming the Hith Anhydrite as the final Jurassic fill of North Kuwait. A
Valanginian sea level drop accompanied the Cretaceous Sulaiy Formation.



Evaporite Facies: a Key to the Mid Mesozoic Sedlmentary Stratigraphy of North Kuwait

ICE Convention, Calgary, 2010

Nilotpaul Ne Mayyas, -
Christian Perrin & Christopher G. St. C. Kendall, 818 =
Abstract f=y
Carbonate &orshle ntrbedded with ayesof massve haie, =
Tthyan margn. e

southeast.
reated.

the basin.
orative lagoons & adjacent sabkbas.
oper This argila-

A Tithonian

i
i

iy

STRATIGRAPHIC FRAMEWORK AND DEPOSITIONAL SETTING

Arabian Plate Sequence Stratigraphy

e

it

d

publcaion

ish 27 well by Y

logis re-

e Norin Kovaic

has been seen in core. Note that, in

Hith. 1

for this nnﬂy e

ly
Similarly,
iddle M

ipper Jurassi i
‘North Kuwait has markedly

el by

REFERENCES

St Dt o2 et 1 R AP et e
Setanas e

“North Kuwait

Jurasic, Minagish 27, Kunwait

UPPER MARRAT

P e M 1)

GOTNIA

MIDDLE MARRAT

]

NW

SE

MARRAT

i

|
I e T e WY

PRELIMINARY SEQUENCE STRATIGRAPHIC FRAMEWORK FOR MIDDLE MARRAT

3

€.6.5¢.C Kendall C.perin, . De Ky, . N. Neog, 2010

e e N S T WSSy Wi N e | S o




EVAPORITE DEPOSITIONAL SETTINGS IN NORTH KUWAIT

Coastal Sabkha Evaporative Lagoon
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ANHYDRITE DISTRIBUTION & TEXTURE

Very little core was available from the lower Marrat Fm. for this study.
The well with the longest core (RA-110) is included in the cross-section,
above, and the cored portion is shown with the log at the right. The dolo-
mite, anhydrite, and shale portion of the log between approximately 15753
and 15846 ft (4800-4830 m) consists of sabkha, tidal flat, and shallow la-
goonal environments. The base of the middle Marrat is at 15753 ft (4800
m). The limestones at top (basal middle Marrat) and bottom are normal
marine in character. Based on these observations from core, the lower
Marrat is p d to consist of cycles of hi (normal
marine) and lowstand (restricted marine) sediments.

The cross-section shows a platform succession that thickens slowly and
uniformly in a basinward direction, from NW to SE. The cycles delineated
by correlating several easily recognized GR markers show a similar cyclic-
ity, with packages of numerous closely spaced anhydrite beds, separated
by intervals with little or no anhydrite.

The anhydrite beds (red) have relatively good lateral continuity, overall,
but the thin beds may thicken and merge into thick beds toward the SE
and some of the thick beds show a tendency to divide into thin beds and
terminate to the SE, also. The thin beds, based on cored intervals are
probably nodular anhydrites deposited in a sabkha envi The
thick beds contain both nodular and upright, subaqueous textures, sug-
gesting a lateral change to evaporative lagoon environments. This prob-
ably reflects the i on this broad platform
in thin cycles resulting from high-frequency relative sea level changes.
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ANHYDRITE DISTRIBUTION & TEXTURE

Six cored intervals in the middle Marrat have thick units of massive anhy-
drite that have been interpreted as evaporative lagoon deposits. Unfortu-
nately, no single well was cored in the entire interval that contains such
beds. Eight wells have cored middle Marrat intervals that contain thin nod-
ular anhydrite beds that have been interpreted as having been deposited in
a sabkha depositional environment.

The cross-section above is entirely on the platform, behind the barrier
system and is oriented approximately normal to the shelf margin. The wells
are projected into the line of section. At the base of the section, clinoforms
can be seen prograding and dipping downward. the upper portion of the
cross-section consists of thin platform units with good lateral continuity.

There are two intervals that contain thick, probable evaporative lagoon
anhydrites, separated by a thin package of strata that contains no anhy-
drite beds. It is presumed to represent a highstand cycle because in SA-102,

on the right end of the section, it contains outer shelf mudstones that over-
lie a skeletal-oncoidal grainstone facies that appears to represent the barri-
er behind which the evaporative lagoon anhydrite beds were deposited. In

the upper anhydrite-bearing cycle, the in SA-102 are meter-scale
keletal- idal and graiy which are partially dolomi-
tized and contain anhydrite cement. They are mlerpreled as having been

deposited in shoal and

The evaporative lagoon anhydrite beds probably represent high-frequen-
<y lowstands, when the barrier system was exposed but the lagoon was still
receiving at least intermittent inflow through gaps in the barrier.

ANHYDRITE DISTRIBUTION & TEXTURE

Four wells were cared in the upper Marrat lhrough m!ervals that contain
nodular anhydrit ive of a sabkha i . Ap-
proximately the upper half of the upper Marrat and the contact with the base
of the Dhruma Fm. has not been seen in core in North Kuwait.

The ion above was with a shelf-to-basii
similar to that of the lower and middle Marrat. The section between the top
of the middle Marrat and the Dhruma MFS thickens uniformly basinward,
from approximately 360 ft (110 m) to 560 ft (170 m), suggesting an absence
of tectonic activity. The section has been arbitrarily divided into large-scale
cycles (sequences?) along several prominent GR markers, highlighting the
tabular nature of the sedimentation seen in core.

All of the anhydrites occur in the lowest of these large-scale cycles, with a
total vertical range of of approxi 200 f2 (60 m). Indivi
beds of anhydrite increase in lateral extent, upward, and prograde basin-
ward. The lowest anhydrite bed has a lateral extent of approximately 4 mi
(6000 m), while the longest extends approximately 21 mi (34 km) in a dip di-
rection.

This upward increase in lateral extent appears to reflect progra-
dation and formation of a broad, low relief platform top. However, the tex-
tures seen in core show predominantly nodular textures, with no obvious

to an evap lagoon setting. The nndular anhy-
drites are it with reddish bmwn, silty
i laminites, i dolo-

mudstones, and skeletal -peloidal, wavy bedded mudstones and wackestones,
representing sabkha, tidal flat, tidal channel, and shallow lagoon deposition-
al environments.
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SUMMARY AND CONCLUSIONS

‘The cross-sections presented here illustrate the depositional geometries for the lower, middle, and upper Marat Fm. in North
log template uses black infill betwen the left margin and the GR curve, to highlight the depositional cycles. The GR
seale for each well was adjusted to accommodate the highest values in the shales immediately below the base of the middle
Marrat. The density curve (red) was shaded red for values of 2.85 and greater, making it possible to sce the anhydrite intervals
at a small scale and at a single glance. The evaporite and lithofacies asociations seen in the cores and the geometries and evapo-
rite distributions seen in the eross-sections above lead s to the following conclusions:

‘The lower Marrat consists of tabular packages of alternating highstand (normal marine) and lowstand (evaporitic/dolomitic)
strata, deposited on a broad, shallow platform behind a barrier system along the rim of the Arabian Plate.

The depositional profile for the middle Marrat Fm. in North Kuwait, shown at the right, has been called a calciclastic shelf
model, in which a coastal sabhka, tidal flats, and lagoon are separated by a barrier system consisting of backshoal, shoal, and
shoreface environments from open marine iner and outer shelf, slope, and intrashelf basi

‘The lagoon and intrashelf basin were infilled during late middle Marrat time. Upper Marrat evaporites were deposited as
coastal sabkha and shallow subaqueous pond facies. They are interbedded with tidal flat and shallow lagoon or open marine
shelf facies, suggesting that these were lowstand deposits

Although no tectonic subsidence is evident for the Marrat or for the Middle and early Upper Jura:
Najmah Formations, the great thickness of evaporative cycles in the Gotnia and Hith Formations implies rapid, localized subsid-
ence. Nevertheless, the symmetrical evaporite cycles, punctuated by peritidal sediments, show that rapid deposition filled all the
accommodation space and a bathymetric basin never developed. The high-order cyelicity seen in core and reflected in Iogs
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facies prediction. Plots of this type might be utilized to map differential subsidence during Gotnia and Hith deposition.
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