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ABSTRACT

The Triass ic sequence of Jordan east
of the Rift-valley consists of an over
1000 m thick sequence of sedimentary
rocks. These sediments were deposited
near the'shore, either under terrestrial
conditions within the intertidal range
just offshore, or under saline conditions
in a sabkha lagoonal environment. Nine
formations are described; Um Irna (80 m),
Ma'in (40 m), Dardun (60 m), Ain Musa

(80 m), Hisban (35 m), Mukheiris (90 m),
Iraq al Amir (170 m), Um Tina (260 m),
Abu Ruweis (200 m).

tiith the exception of large parts of
the Um T i na and the Abu Ruwei s Formati ons
al I other formations are exposed along
the NE coast of the Dead Sea and the
deep wadi s just E and NE of i t. Each
formati on i s defi ned by a type secti on.
The sedimentary rocks are intruded by
dykes and si'lls composed of diabase
and gabbro of uniform composition and
older than Upper Jurassic in age.
Compari son of Triassic rocks from the

west side of the Rift (DRUCKMAN

L974.1977) indicates that the fa-
cies and thickness of Jordanian
Triassic rocks as well as the
northernmost 'l imit of intrusive
rocks can only be fitted with those
of the central Negev. A relative
movement of the Arabian block against
Palestine-Sinai of at least 100 km

along the Rift is probable (BANDEL

1981 ) .

ZUSAMMENPASSUNG

Die triassischen Ablagerungen
Jordaniens östlich des Jordan-Totes
Meer-Wadi Araba-Grabens bestehen
aus einer über lOOO m mächtigen Fo1-
ge von Sedj.nentgesteinen, die a1le
küstennahe Bildungen sind. Sie wur-
den entweder unter terrestrischen Be-
dingungen, innerhalb des Gezeiten-
bereichs oder im küstennahen Flach-
meer abgelagert. während sich in den
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unteren 5OO m der T!las perlodj.sche
Aufwöl,bungen des Arabl sch-Nubi schen
Kontlnents ir.l Silden und Südosten du!ch
g!obkLastlsche Einschilttungen bernerk-
bar machen, erfolgte die Ablagerung
der obelen 5oo m lm Gezei.tenbe!eich
ohne grobklastlsche terrestri gche

Elnschüttungen atn stsark absj.nkenalen

I(ontlnentalrand mit stabi.Lem Hinter-
land und beei.nflußt durch salinare
celJäs ger ,

Neun Lithostratlgraphi.sche Ej.nhei-
ten (Eornatlonen) we!den ausgeschieden
und beschlieben, Um lrna (80 m), Ma'in
(4o m), Dardun (5o m) , Ain Musa
(80 m), Htsban (35 m). Mukheiris
(9O n), Iraq aI Amlr (17O n), Um Tina
(260 m), Abu Ruv,eis (2OO m) , Mit Aus-
natune de! größten Teile der Um Tina
und Abu Ruwei s-Folmatlonen si.nd a1le
anderen Elnheiten in den Seitentälern
am Nordo6t-Rand des Toten Meeres und

den tiefen Täl,e!n nordöstlich davon
aufgeachlossen. Jede Abfolge !^,ird in
einem Typusprofil dalgesteIlt.

Er nle t rurc [rurnooucrror

Die ersten Beschlelbungen triadl scher
Sedlrnente 1m Gebiet dea Wadl Zalqa
Ma'in (siehe Abb. 1) und am Toten Meer

starnmen von BLAXE (1936), BLAKE &

IONIDES (1939) sowie von COx (1924,

1932). c. WAGNER (1934) velglj.ch die
fazlelle Entwlcklung der frias mj.t dem

deutschen Muschelkafk, weltere litho-
st!at 1g raphl sc he Untersuchungen stam-
men von l,iETzEL (1947), wErzEL & üORTON

(1959), LrLLrcH (1964) und PARKER

( 1970) , D1e zusatnmenfaasende Darstel-
lung durch BENDER ('1968) stützt sich
auf d j.ese, teLLvJelse revisionsbedürfti-
gen Studien.

von begondelem Interesse stnd mag-

matlsche Intluslonen innerhalb det
SedlmentgeEtelne (BURDON 1959, PARKER

1970) ,

In dle Sedlmentgestelne slnd
schj.chtparallele und schlchtdu!chschla-
gene Gänge von Diabas und Gabbro einge-
dlungen. Dlese magmatischen cesteine
s j.nd vor-oberjulassischen Afters und
dü!ften auf Grund de! ähnLichen Zu-
sarunensetzung einen gemelnsamen Ur-
splung haben, Der Vergleich jordanj.-
scher triassische! Gesteine mit sol-
chen, die von der westlichen Seite
des Toten Meeres und des wadi Araba
beschrieben slnd ( DRUCK|4AN 1974, 197'7),
zei9t, daß Pazieslinien und die Nord-
glenze der vulkanischen Intrusionen
nur dann mlteinander in Verbindung
gebracht welden können, \"renn der Be-
relch der zentralen Negev zum No!d-
ostende des Toten Meeres und No!d-
jordanj.ens entLang der Grabenstruktu!
der Jordan-Totes Meer-wadi. Araba-
Senke um mindestens 'lOO kln velschoben
lrird (BANDEL 1981) .

Ziel der vo!11e9enden A!beit ist
die Beschleibung der 1i thostratj.-
graphischen Elnhei.ten in de! Trias
von Jordanien und eine Sklzzierung
der faz1el,Len EntwlckLung,

BLANKENH0RN (1912) on his expedi-
ti on from the hot s pri n9s of the
Hadi Zarqa Marin to the hot springs
of Ain es Sara in 1908 failed to
di scover Triassic roc ks only because
he used the southern slope of the
wad i on his u/ay towa rds the shore of
the Dead Sea, BLANKENH0RN onlY
noti ced Nubian Sandstone, oberlajn
by Upper Cretaceous marls and

I inestone, when he 'looked across
l,iadi Zarqa Mö'in. The sPectacular
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outcrops of the lower Triassic rocks

at the northern slope of [Jadi Zö rqa

l,4a' 'in remained undiscovered until
BLAKE (1936) and BLAKE & I0NIDES

(1939) noticed them. Prior to this'
c0x (1924' 1932) had discovered Trias-
sic sediments further north in the NE

corner of the Dead Sea. He described
the rock sequence as wel I as the
fossi I s content.

l{hen !,{AGNER (1934), attracted by

these reports, visited the outcrops of
the Triassic beds in l'/adi SiYala'
about 3 km south of Idadi Hisban, he

was amazed by the similarity of these
'I imestones wi th those of the "i4uschel -

kalk" found in about the same strati-
graphical position in Germany. I'IAGNER

noted a great similarity in facies as

t{el I as in faunal content present in
these limestones that were deposited
so far from each other on different
shores of the Tethys. His calculations
regarding the thickness of these
I imestones were somewhat exaggerated
with 70 - 100 m (actua11y little more

than 30 m), UIAGNER noted that the
sequence of I imestones in the !Jadi

Siyala ends with the LJpper Jurössic-
Lower Cretaceous unconformi ty and i s

overlain by Lower Cretaceous sandstone.
ln the neighbo!ring lladi Ain l'4usa

[lETzEt & 140RT0N (1959) measured a

section in vrhich a 67 m thick I imestone
unit is overlain by 100 m of Triassic
sedimentsr consisting of red and green

clay with gypsum and yellowish v.lhite

sandstone. Thi s report i s not only
erroneous regarding the thickness of
the limestone, but also failed to note
the quite conspjcuous unconformity
between Triassic I imestone and Lower

Cretaceous sandstone exposed very wel l
in lila d i Ain i,l!sa.

The name Hisban Limestone for this
calcareous unit of the Triassic rock
sequence in Jordan was introduced by
0ANIEL (19s9, 1963). BLAKE (1936) and
BLAKE & I0Nl0ES (1939) describing the
0ccurrence of Triassic rocks at lladi

zarqa Ma'in also found rocks of the
uppermost Portion of the Triassic
sequence in Jordan in lower lladi
zarqa where I,{adi Huni joins it. BLAKE

(1936) reported barren red sandstone

only near the shore of the Dead Sea,

a report that caused difficulties in
the reconstruction of Triassic de-

positional env i ronmen t by DRUCKt4AN

(1974, 1977),

Accordi ng to PARKER (1970) iIETZEL

(1947) introduced in an unpubl ished

report the term Zerka GrouP to hold

Jurassic and Triassic rocks exposed

in Jordan. PARKER (1970) further
subdivided the Zerka Group into the
14a'in Format'ion and the Azab Formation,
The l,1a'in Fornation of Parker is main-

1y based on the more detailed des-

cription of Triassic rocks exposed

near the Zarqa 14a' i n hot spri ngs by

LILLIcH (1964). The same section had

previously inspired tIETZEL & 140RT0N

(1959) to reconstruct the depositional
environment of these rocks as derived
from deposits of an ancient delta
complex, The basal portjon of the
rock column presented by BENDER

(1968 ) for the Triassic of Jordan is
based also on the da ta of LILLICH
(1964) and could in general be verificd
as correct. The central Portion of
the rock column in BENDERs study
rel ies on ETZEL and M0RT0Ns (1959)

erroneous description of the l,ladi l'4usa

section. The upper portion of the
Triassic in BENDERs scheme also in-
cludes all lower Jurassic limestones
and sandstones u,/hich are exposed be-

tween the Triassic gypsun and the
massive Jurassic limestones at the
,iadi Zarqa (Dhahab Formation, BANDEL

r981).

Not only sedimentary rocks have

been found in the Triassic rock column
of Jordanr but BURD0N (1959) also
recognized dykes and sills exposed
i n the reddi sh sandy I imestones and
associated sandstones in the l,ladi
Udejmi, about 2 km south of the lladi
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Ain l.4usa and next to the Iadi Siyale.
These magmatic intrusions into the
sedinents wer e erroneously characte-
rized to be of acidic comPosition.
l,/ETZ E L & M0RT0N (1959 ) had noted
volcanic ash in the alternating sandy

marlsr clays and ferruginous sand-

stones underlying the Hisban Lime-

stone at iladi Ain ltlusa,

According to BENDER (1968) these
authors had also noted a trachytic
sill in these beds. l',lagmatic inclusions
in the Triassic rock colunn in Jordan
höve a somewhat mysterious hi story.
PATiKER (1970) mentions the presence of
volcanic ash intercalations 170 m be-

low the top of Triassic dolomite-
anhydri te-shal e deposits' while no

indication of these beds we re found

i n the dri l1 I ogs of the test wel l

drilled between Suweiljh and Baqa,

From a viel'l dri l l ed near llafraq we

have got a sample of magmatic rocks.

The rather incomplete knowledge of
the Triassic sequence in Jordan which

i s so wel I exposed j n i ts I ower porti on

in numerous easily accessible wadis

(Fjg, 1) has triggered the authors to
carry out this studY,

Fi9. 1. Triassic I i t h o s t r a t i g r a p h i c
units in Jordan. Location map. Nunber
in circles refer to the type locali-
ties of the fornations described in
chapter 2, Numbers in the inserted
map: 1- [adi Zarqa,2 - I,]adi (afrein
3 - l.ladi Hisban, 4 - adi Zarqa l'la'in
5 - lladi l4ujib,

Lithostratlg!aphlsche Ej.nheiten in
der Trias von Jordanien, Die j.n Kleise
gesetzten Zah1en zeigen die Lage der
im Abschnitt 2 besch!iebenen litho-
stratigraphischen Einheiten. D j.e zah-
len in de! kleinen Karte bezeichnen
die Lage der wadi zarqa (1), wadi
Kafrein (2), wadi Hisban (3), wadi
zarqa Ma'in (4) und wadi Mujlb (5)'
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Tnrnsstc Rocr ColuNtl ScxtcurrolGEN DER Tntas

Die Schichtenfolge wird in 9 litho-
stratigraphlsche Einheiten unterglie-
dert. Die erste !'rird von der bis zu

85 m mächtigen, terrestrisch-fluvia-
tifen Um Irna Formation gebildet, weI-
che sich in 6 Untereinheiten aufteilen
läßt. Jede Unterej.nheit beglnnt in der
Regel mit grobkörnlgem Sandstein und

endet mit entschichtetem Schieferton
mit eisenoxydischen Pisoiden. AIs zwei-

te Einheit folgt die 35 bls 45 m mäch-

tige marine Marin Formatj-onr die sich
in eine tonig-siltig-sandige und eine
sandige Untereinheit aufgliedern Iäßt.
Die folgende Dardun Formation wird
etwa 60 m mächtj.g und ist in 4 Unter-
einhej,ten unterteilt. Die untere ist
kalklg, dle mittlere sandig, dle obere
kalkig entwickelt mit fossilreichen
Lagen. Die oberste Untereinheit be-
steht aus einer Wechselfolge von toni-
gen, sandigen und kalkigen Lagen. Die

vierte Ei.nheit wlrd von der ethra 70

bis 80 m mächtigen Ain l4usa Formation
gebildetr die in das vornehmllch san-
digep fluviatil-litoraIe Muhtariqa
Member, das mittlere sandig-tonlg-
kalkige Jamala Member und das tonig-
mergellge Siya1e Member unterglledert
wlrd. Die filnfte Einheit ist die Hisban
Formatlon, die aus einer fossilreichen
Kalk-Mergelabfolge von etv,ra 35 m Dicke
besteht. Als sechste Einheit folgt die
Mukheiris Formation, die in den unte-
ren 30 m zunächst sandig-siltig, dann

sandig-kalkig und fossilreich ist.
Die mittleren 30 m sind tonig-siItig
und zum teil terrestrisch ausgebildet,
die oberen 30 m werden von einer Wech-

selfolge von Sand- und Slltsteinen
eingenommen. Der übergang zur nächst-
höheren Einheit, der Iraq al Amir
Formation, ist nicht aufgeschlossen.
Die unt,eren 80 - 90 m dieser Einheit
sind nur aus Bohrungen bekannt. Die
oberen 90 m werden in das sandig-
siltige Bahhath Member, das vorwiegend

karbonatische Abu Yan Member und das

vornehmlich tonig-mergeligen Shita
Member unterglj-edert. Im Ietzteren
setzt sich berej.ts eine laqunär-sali-
nare Fazies durch, die auch die fol-
genden beiden letzten Einheiten
charakterisj.ert. Von der Um Tina
Formation sind nur die unteren 70 m

mit einer wechseffolge von laminier-
ter Dolomiten und mergeligen Tonen

aufgeschlossen. Die Einheit j-st im

Untergrund jedoch 2OO - 25O m mächtig
und enthäIt hler auch Anhydrltlagen.
Von der neunten Einheit, der Abu Ru-

weis Pormation, ist nur der höchste
Teil der etwa 2OO m mächtigen
Wechsellagerung von Tonschiefer,
Dolomj-t und Anhydrit aufgeschlossen.

2 .1 UM I RNA FORI"IAT I ON

The type section is situated in the
lrladi H imara about 3 km north of
Zarqa Ma'in hot springs (Fig. 1). The

formation has received its name from

the mountain range that separates
Wadi Zarqa Ma'in f rom l,lad'i Himara.

Rocks belonging to the about 85 m

thick Um Irna Formation are exposed

for about 8 km between Wadi Zarqa

Ma'in and Humrat Ma'in (Fig. 2). To-
gether with their base consisting of
hard brown Cambrian sandstones they
disappear below the level of the
Dead Sea and below surface. Their
top is formed by the first beds with
abundant bioturbation.

The Um Irna Formation at Wad'i

Himara can be divided into 6 members,
each of which shows a more or I ess
characteristic gradation in grain
s ize and compos ition. The base of

2
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Fig.2. Columnar sect.i on of the Bassat
en Nimra, Iower Zarqa Ma,in and Wadi
Himara outcrops at the northeastern
coast of the Dead Sea.

Säulenprofil der Aufschlilsse im cebiet
von Bassat en Nimra, im unteren
Wadl Zarqa Ma'in und im Wadi Himara.
Nordostküste des Toten Meeres.

each membert except the lowermost,
consists of a coarsely grained cross-
bedded sandstone usual ly w.ith a con-
glomeratic base. Individual crossbeds
as wei I as their 'l aminae are normal ly
graded. The basal beds are overlain by
laminated s ilt and clay beds. Bedding
pl anes often show ri ppl es and mud

cracks. Layers may contain angular
clay intraclasts and rounded mud balls.
Into the fine grained beds, channels
may be cut f i I I ed wi th crossbedded
sand. The uppermost bed of each of
the nembers i s composed of non- I ami na-
ted clay lvhich in four of the 6 members
'in its ul)per portion contains irre-
gular'l y distributed iron-oxidic
pisolites.

These rounded p'i so l i tes may be up

to 20 mm in diameter. They are most
probably autochthonous. The I owermost

member consists of si lt and clay
only and in its lowest part it con-
tains abundant plant fragments within
a grey c1ay. Accordingly the Um Irna
Formation is composed of 6 sedimen-
tary cycles of terrestrial deposits
without any traces of bioturbation.
The sediment deposited here has been
eroded from the nearby precambrian
basement as it is documented by por-
phyrite pebbles and by often sub-
rounded to angular quartz gravel
(A to S mm) represent.i ng the coarse
components of the basal portion of
the cycles. These quartz grains were
derived from weathered granitic
rocks of the basement that must have
been exposed to erosion not very far
to the south. The cyclic deposition
refIects cycl ic erosion of the
Precambrian basement of the Arabian-
Nubian Shield during Um Irna time.
Deposition of each of the graded mem-

I
xx

Fig.3. Columnar section of the Suwei
i ih wel I near SuweiI ih and Baqa. Depth
- 246 to - 970 m below surface. For
legend see Fig. ?,

Säulenprofil der Bohrung Suweilih zwi-
schen Suweilih und Baqa. Tiefe - 246
bis 97O m. Leqende siehe Abb. 2.
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bers l{as probab'ly rap'ldr fol lowed by

a long period of non-deposition during

'.lhich the fine-grained topmost layers
were wea thered into a soil.

In the deep-viell Suweilih 1(Fig. 3),
the whole rock sequence of the Tri-
assic was penetrated t{lth a thickness
of 1000 m.

Llhite to brown Cambrian sändstone
with micaceous shale partings is over-
lain by varicoloured sandstone l,,/ith
yel low and tan I irnestone beds and

shale. These lol{ermost 15 m are over-
lain by about 40 m of white and brotan

sandstone and some brown shal e. The

typical coloration and Iithology of
the fo'l 'lowi ng beds i ndi cäte that the
Um Irna Fornation about 50 km to the
NNEr at least in its lower portion,
was i nfl uenced by mari ne condi ti ons

and also has decreased in thickness
fron 85 to 55 m,

2.2 I4A, I N FORMATION

The name Ma'in Formation has been
appl ied to a unit between 35 and 45 m

thick which is l{ell exposed in tladi
Zarqa Ma'in and in all l{adis up to
Iadi Mukhei ri s about 13 km to the
North, Further to the North the l4a , i n

Formati on di sappears bel ow surface and
can be recognized in the subsurface
only in the Suweilih 1l{el1. T}lo

members, the Himara Member and the
tlimra lilember, are distinguished. The
base of the fornation is characterized
by the fi rst occurrence of bioturbation
and the purplish colour of the beds;
the top is forned by the contact be-
tyleen sandstone and the 'l i mes tone of
the 0ardun Formätion.

ll[eB-Ue[!sr

The sequence was neasured 'in l,ladi
Himara (Fig. 2) as wel l as in lladi
Dardun (Fig. 4). The name of the
member is derived from liiadi Himara
where i t i s very wel 'l exposed. The

conspicous'ly dark purplish beds of the
Himära Member are seen in all the
side }radis of the E side of the Dead

Sea from llladi Zärqa t,la' i n to [adi
l4ukheiris. l.lhile the I'lember is high
up in the escarpment of. the lita'in
area, it has reached almost the level
of the Dead Sea at lladi Mukheiris.

The member is about 15 n thick
and consists of an alternation of
thinly bedded sandstone, siltstone
and clay often with considerab'l e

amou n t of ca rbona te, Burrows are
present throughout, suface traces can

be found on bedding p'lanes together
with ripples and mud cracks. Thin,
pure dolomitic Iimestone beds are
developed at l,ladi l'lukheiris! often
l{ith rippled surfaces and abundant
bivalve shell s,

!1[re-U!sDer

The Nimra Member measures about
20 m in thickness at l,{adi Zarqa Ma,in
and at lladi Dardun (Fiq.2) and 25 m

in l,Jadi Mukheiris (Fig. 5), The upper
portion of the rock unit is composed
of fine white sandstone arranged in
crossbedded uni ts of 50 to 150 cm

thickness. In its lot./er portion
flaser structure is pronounced and
red and green si'lt and clay partings
as wel I as carbonate ri ch beds are
devel oped, Eioturbations are developed
throughout. somewhat more common in
the f 'laser beds. Some pure I imestone
units are included in the upper por-
tion of the member in lJadi Mukheiris
only. In the fine grained 'l imestonesl
intraclast horjzons are common, t,l,ith
intraclasts being often fragments of
reworked burrows which, further up in

8
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the section, are characteristic for the
'I imestones of the Hisban Formation.

In Suweilih l well (Fig.3) the
beds probably equ'i va l ent to the Ma' i n
formation measure about 45 m in thick-
ness and cons ist of sandstones mainiy
i nterca l ated wi th thi n beds of sha l e
and marl .

There is ample evidence indicated
by dolomitic l imestone, flaser bedding,
mud cracks and ripple surfacesr lami-
nati on, bi oturbati on, mari ne bi va l ves
and burrow remai ns for a deposi tion of
the Marin Formation w'i thin the tidal
zone or in very shallow water. The

i nfl uence of the sea agai n i s more
pronounced in the northern section.

2.3 DARDUN FORMATION

Type Local i ty i s the Wadi Dardun
(Fig.1) where a section is exposed,
60 m jn thickness and showing al 1

members (Fig. a). Its base is formed
by limestone beds and its top by the
first bioturbated s'ilty layers below
the Ain Musa sandstone base. Uith
exception of the uppermost member the
three other members of thi s formati on

are extensively exposed at the northern
slope of l.lad'i Zarqa Ma'in a'lmost up to
the lowermost hot springs. The complete
formation is present also at l.ladi

H'imara (Fig.2) and l,iadi Mukheiris
(Fig. 5), a1l of the four members can

aiso be recognized in the Suweilih 1

well (Fig. 3) even though the upper
border of the formation can not be

characteri zed wi th certai nty here.

t eu er- ! e r!e!s !e-UeE !er

This member measures about 11 m in
thickness and cons'ists of thinly layered
dolomitic I jmestones, laminated shale
wi th thi n dol om i te beds i nterca l ated and

of I ami nated mar'l . Bi oturbati on is

Fig,4. Columnar section of the Wadi
Dardun exposure at the northeastern
coast of the Dead Sea.

Säulenprofil der Aufschlüsse im Wadi
Dardun an der llordostküste des Toten
Meeres.

observed throughout but does not
destroy the lamination.

§en9:!sne-[eu!sr

This member is about 15 m thick
and composed of crossbedded whi te
sandstone with very uniform grain
size. In its uppermost portion; a

l ayer wi th do'l omi t ic and marly i n-

traclasts is deve'l oped.

u ppet- qq r!e!e !e-ueu!er

This membeli s 23 m thick and com-

posed of Iaminated I imestones and

dolomitic I imestones mainly. Inter-
ca l at i ons of shal es and mud cracked
laminites as wel I as intraclast
'I ayers are found within the lower
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10 m of the unit. 0ften one rock tyPe
grades laterally into the other. Bio-
turbation features are present through-
out only rarely oblitering the original
sediment!ry structures. Pure sparry and

micritic I imestones t,,lith echinoidal
fra gments occur, The uPPer Par t of
this member consists of mar'l and fine
laminated and bioturbated I imestone

shol./ing layers with clay Pebbles.

§i!qJ-Us[!sr

This member neasures about 12 n in
thickness and consists of bioturbated
sandstone beds rnainly. Intrafornationa'l
co ng'lomera te layers are present l,Jith
pebbles of 'l imestone and shale. UP

to 0.8 cm in diameter wide angular or
only I ittle rounded quartz grains are
found as we'l I as purplish and greenish

silt and shale. Carbonate beds are

thin and shot{ rippled surfaces and

often bivalves on their bedding planes.

The sediments of the Dardun Forma-

tion very clearly reflect in their
composition the vicinity of 'land in
the south and the increased influence
of the sea towards the north. At I/adi
Mukheiris (Fi9. 5) the 0ardun Forma-

tion contains sand only in subordinate
amount. At l,ladi Dardun sandstone forms
a 15 m thick unit }Jhereas the thickness
is about 20 m in the Sulreilih l r.lell
(Fig.3). Sandstone is present almost
throughout in the Zarqa l'larin area,
l,larine shal low }Jater conditions reached
the 0ardun area during the deposition
of the central part of the Upper Ca r-
bonate lvlember. This is indicated by

the deposition of some crinoidal I ime-
stone.0therlt,/ise stromatol i tic lamina-
tion. 'intraclast bedsr clay bat ls, mud

cracks and dolomitization indicate
deposition on intertida'l Inudflats. The

sand is wel I sorted 'in the lower parts
of the Dardun Formation but not in the
Sandy l,!ember of this unit. Smal I angu-
lar to subrounded quartz pebbles as
we'l I as intraformational conglomerates

indicate a relative uplifting of the
Precambrian shield in the south
resulting in a renewed erosion of
the crystal line basement and in the
depos'i tion of coarse detrital sedi-
ment originating from the eros'ion of
carbonate and clay sediments which
have been depos i ted in a near-coast
env i ro nm en t.

2.4 AIN I4USA FORI"IATION

The formation name is derived from
l,ladi Ain Musa (Fig, 1), where belo}/
the confIuence with tladi Jamala a

sequence encompassing most of this
formation is exposed (Fig. 6). The

Ain Musa Formation consists of three
nembers: l,4uhtariqa 14ember, Jamala

l,lember and Siyale Menber. The rocks
of the about 70 - 80 m thick Ain
Musa formati on south of uadi Dardun

are cut by the Upper Jurassic-Lower
Cretaceous u nconformi ty, the upper-
most beds of the formation disappear
below the surface north of ladi
Hisban, The base of the formation is
characterized by a massive sandstone
and i ts top by the contact to the
massive 'l imestone banks of the Hisban
Forrnation.

!!!!sr!9q-lY§[!sr

The Rujm el I'luhtariqa hill, situa-
ted at the end of the l,ladi Ain l'1usa

is the type-locality of this member.

In the lower lr,lad i Ain l,lusa the upper
12 m of this sa nds ton e memb er are
exposed. North of this outcrop the
Muhtariqa 14enber appears in the
Suweilih l ,.lel'l (Fig.3) with 8 m

of middle grained to coarse white
sandstone on top of an underlying
sequence similar to that of Uadi
Itlukheiris, At rladi Dardun (Fi9. a)
the whol e member is v,,ell expo s ed and
composed of sandstone l,lith flaser
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Fig. 5. Columnar section of the l,ladi
Mukhej ri s exposure, northeastern coast
of the Dead Sea. For legend see F'i 9.2.
Säulenprofll der Aufschltlsse im Wadi
Mukheiris an der Nordostküste des To-
ten Meeres.

structure in its lower part and coarse-
1y crossbedded sandstone uni ts separated
from each other by s i 1 ty parti ngs i n

its upper part. The Muhtariqa Member

measures 45 m in thickness.0nly the
I ower beds show traces of i nfaunal I i fe
whi I e further up, undi sturbed I ami na-

ti ons of crossbeds are seen. Layers wi th
clay ba'lls, unidirectional crossbed in-
cl'i nat ion, quarz pebbl e l ayers and the
common occurrence of drift wood indi-
cate fl uvi ati I e i nfl uence j n these beds,

whi Ie the fIaser beds at the base more
1 ikely are deposits of a intertidal or
shal'low water environment. 0nly 4 km

to the north, in llladi Mukheiris (Fig.
5) the Muhtariqa Member is represented
by a sequence consisting of sandstone
beds, 1 imestone l ayers, dol omi ti c I ime-
stone beds and si ltstones; similar to
those beds considered as equivalent in
Suweil ih 1 well (fig. 3).

!lncle-[en!er

The un'i t exposed bel ow the confl u-
ence of Wad i Jamal a wi th Wadi Ai n

Musa has recei ved the name from A'i n

el Jamal a, a refreshi ng spri ng that
i ssues from the ground of t.,ladi Jamal a.
The Jamala Member of the l,,ladi Ain
Musa local ity (Fig. 6) consists of

Fig.6. Columnar section of the expo-
sures i n t.Jadi A i n Musa and t,,ladi Hi span
at the northern coast of the Dead Sea.
For'l egend see Fig. ?,

Säulenprofil der Aufschlüsse im Wadi
Aj-n Musa und im Wadi Hispan an der
Nordostküste des Toten Meeres.

1
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intercälated siltstones cl aybeds änd

sandstones. Near the base of the
memberr a 'l imestone bed occur lrhich
contains glauconite sand and an in-
traformationa'l conglomerate conposed

of shale pebbles. This linestone bed

is intercalated within more or less
carbonate-ri ch sandy fIaser beds.
Si lt and shales fol'lolla together with
crossbeddedr hard sandstones. The

later show current marks on bedding
planes and 'large trunk fragments of
dri ft wood.

Trace fossils (crab burrowsr
chond?itee) are present throughout and

d emon s tra te that the whole 15 m of
the Jama'la Member in Ain Musa area
l{ere deposited in marine environment
wi th f'luviatile influence.

The Jamala Member at l,ladi Dardun

(Fig,4) is somevlhat thicker (18 m)

and more sandy in compositionr but
generally of similar'l ithology. A

dolonitic bed at the top of the member

contains rand om'ly distributed angular
to rounded quartz pebbles up to 5 mm'in

size wh'ich habe been mixed into the
I imestone matrix by bioturbation,

§lrsl9-{c!!..r

The Siyale lilember is exposed at lladi
Ain 14usa (Fig. 6) above Jamala Member

and forns a gentle slope overla'jn by

the hard rocks of Hisban I imestone.
The name is received from l,ladi Siyale
just south of lladi Ain l.4usa, At Iadi
Ain l.lusa, about 30 m of clay and marl
compose this nember. Here the base of
Siyale Member contains three fossi li-
ferous bioturbated ca'lcareous bedsi
the upper tyro beds yield Inuch glauconite.
The gray I green and purpl e narl \{as
deposited in a marine environmentr this
is demonstrated by bioturbation. the
occurrence of glauconite and the common
presence of shells of Li?1gutd, Fhe
upper part of the Siya le Ilember i s

exposed at l,ladi Hisban 3, S km to the

NE with fossiliferous nar'l beds and

claystone. In |ladi Mukheiris (F'j9.5)
the lower portion of the Siya'l e

Member can not be separated from the
Jama'la flember, ln its upper portion
the Siyale Member contains sone sand

f i'l led channel deposits. At tladi
Därdun (Fig.4) the rock column of
Siyale l4ember is much thinner. Here

only about 24 m of sediment are de-
ve'loped composed of glauconitic I ime-

stones and sandstones, bioturbäted
greenish clay and some crossbedded
sandstone units. The member is
fossiliferous especial ly in the
calcareous beds. At the Suweilih I
we'l 1 (Fig. 3) the Jamala Member can

be differentiated f rorn the Siyale
Ilember only provisional ly. The lihole
Ain lilusa Formation at Suwei'l ih as

welI as at rladi I'lukheiris is composed

of a succession of sandy and shaly
I imestones, shales and shaly sand-
stones of 60 - 70 In in thickness. At
Suweilih glauconite is present in
several ieve'l s indicating a marine
depos i ti ona I env i ronnen t, In I/adi
Mukheiris (Fi9, 5) bioturbational
features are present throughout; the
existence of shal low water intertida'l
conditions is indicated by cross-
bedded channel-fi lled sands in the
uppermost portion of the Siyale I'lem-

ber. South of SuweiIih 1well and
l,Jadi i4ukheiri s the influence of the
Arabian-Nubian Conti nent on the
sedimentation is documented by
fluviatile sandstone units of the
I'luhtariqa l'lember, channel-fillingsl
i ntraformati ona I conglomerates and
angular quartz grains.

2.5 HI SBAN FORMAT I ON

The name Hisban L i mes tone for roc ks
of the Hisban Formation was proposed
by R, l.tETZEL (1947). The name is
derived from l,tadi Hisban (Fig. 1),
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where alI members of this formation
are well exposed (Fig, 6). The section
measured in liladi Dardun (Fi9.4) is
about 35 m thick. Here it is undistur-
bed from dolomitization and truncation
and better exposed than {n l.ladi Hisban.
South of ladi Dardqn the rocks of
Hi sban Formation are eroded by the
Upper Jurassi c-Lower Cretaceous
unconformity and sediments above be-
long to the Lot{er Cretaceous Kurnub

Sandstone, From here the Hi sban Forrna-

tion can be traced along the slopes of
the mountains bordering the Dead Sea,
North of l,ladi Hisban, Triassic beds

disappear belox the Cretaceous sedi-
ments.

The Hisban Formation consists of
bedded I imestones !.ri th marly i nter-
calations, The bulk of the limestone
is characterized by calcareous,
lithified burrow systems, all of the
same undulating type, Usually these
burrows are p r e s e r v e d 'i n - s i t u within
the more marly I inestone matrix.

The burrows cause a very characteri -
stic grey mottling in the yellowish-
vihjte rockr or, if the rock surface
is vleathered, they extend over the
eroded matrix as an irregular network
of 0,5 to 0.7 cm wide rnassive cy'l jndri-
cal rods, The tubes are of oval outline
v,/i th a shal l o}J concave groove on one

side, The burrows }Jere I ithified prior
to the sediments.

This is documented by jntraclast beds

and layers with intraclasts composed

of fragments of these burrows, Simi lar
intraclast limestones have been noted
in the Nimra f,lember of the Ma'in For-
mati on i n l.ladi Mukhe iri s and a I so at
the same localjty in some limestone
beds of the Ain I'lusa Formation. This
shows that calcareous sediments with
the c h a r a c t e r i s t i c a I bi oturbati onal

features of the H isban I imestones were

formed in the offshore area before the
Hisban Formation time.

Marly beds of the Hisban Formation
usually yield a rich fauna composed

mainly of oysters and brachiopods,
0ften glauconite sand is mixed by.
Eeds rich in clay usually exhibit
different types of wel l-preserved
trace fossilst as well as Lingula,

In }ladi Hisban a reddjsh claystone
occursc0ntaining large oys ter shel I s.
No such bed is seen in [adi Dardun
Iithin the marly interlayer above
the basal I imestone unit but a

crinoidal linestone is found here
lacking in lladi Hisban. The great
similarity betu/een the northernmost
outcrop of Hisban Formation in'iadi
Hisban and the southernmost at l,tadi
Dardun (di stance about l8 km) as wel l
as the lack of indications for a

coastal environment at l.ladi Dardunr
shows that the Hisban Formation
probably extended onto the Arabian-
Nubian Continent which at Hisban
time remained stable. The greater
thickness of Hisban Formation in
the Suweilih l wel'l (Fi9,3) and the
I esser thickness of Mukheiris For-
mation above may jndicate that the
formation of Hisban linestone type
continued during the l'lukheiris time.
0olitic beds included in the limestones
at Suwei lih indicate a deposition
in shallow water sirxilar as in the
outcrops neär the Dead Sea.

2.6 MUKHE IR I S FORMATION

The fornation i s named after the
Uadi Mukheiris (Fig.5), the last
most northern deep l/adi ending
directly at the shore of the Dead

5ea. The Mukheiris Formation is under-
stood to encompass al I sediments
preserved above the I inestones of
Hjsban Formation up to the Upper
Jurassic-Lo\,\ler Cretaceous unconfor-
mity surföce. The fo.mation is
about 90 n thick and can be sPl it
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i nto 3 members:

Le!cr-UrE!9r-eI-!!9-U!!!e!Iii-l9I[e!ie!

The Lower Ilember i s about 30 m i n

thickness. The lower 15 m consist of
crossbedded sandstone beds, uP to
1,5 m thick, forming c h a n n e I - f i I I i n g s

ln si'lt and clay beds.

The upper l5 m of the Lower 14ember

consist of calcareous sandstone inter-
caiated trjth sand and c1öY, A marjne

deposi ti onal envi ronment of these beds

is indicated by strong bioturbation
throughout and by the pre§ence of
glauconitic sand. Some beds are rich
in fossils (shel l s of bivalves and

cephalopods, bones of rePti les),

!iqgls-|!e,!!er-91-!!e-{c!!s!I!:
E9rs9!i9!

The l,4iddle l"lember consist of 30 m

of clay and green or purple silty
shales. Fossils (majnly Langula) are
found on 1y in the l ower few meters of
the sequence, The higher laminated
beds yjeld no fossils,

U p per -l-{cE! e! - e ! -!e !! ei r! ! -19 rEe !i9 !

The unit is about 30 m thick and

consists ofa succession of sandstones,
clay claystones and si I tstones, The

sandstones are bioturbated or cross-
bedded. Some beds contain conglome-
ratic I ayers v/ith quartz pebbles
measuring up to 6 mm jn diameter.
Drjft wood is found local'ly, Plant
fragments are common on beddi ng

planes of the silty, laminated clay-
st0ne, The Upper I'ieitber is truncated
by an unconformity and overl ai n by
the Lower Cretaceous sandstones of the
Kurnub Group.

To the NE, in lladi Ain t4usa, the
Kurnub sands tones overly di rectly
) ime5191s5 of Sisban Formation. Further

to the NE in t,ladi Hisban (Fi9. 5),
a few rieters of the Lower 14ember of
14!kheiris Formation are preserved
below the truncation. They consist of
claystone wilh Lingtia I bioturbated
silty sandstone and bioturbated marl.
There is no indication of crossbedded
channel sands as in l,ladi 14ukheiris.
ln l,Jadi Dardun (fig. a) channel sands

are absent too. Here the Lower lllember

is present in nearly total thickness'
but shows a conposition with sandY

beds, often bjoturbated and with
current-marks and driftwooC on

beddi ng planes. Bioturbated dolomjte
and glauconitic marly sandstone charac-
teri ze the u pper border of the 15 m

thick lower part of the "Lower !lember'.

The upper partr 11 m thick, con-

sists of silty claystone interlayered
with silty sandstone near the base of
the Lower Cretaceous sandstone.

ln the Suweilih l well (Fi9.3),
about 70 Il] of sedinent can be corre-
lated lithologically with the l,4ukhei-
ri s Formation exposed at the Dead

Sea, The deposition of limestones at
Suwei I i h seems to have conti nued from
Hisban to !lukheiris times. The Lower

lvlember of the l,4ukheiris Formation
represents märi ne deposi ts wi th
strong calcareous influence in Dardun

and [lukheiris as well as in Hisban.
The uppermost 21 m of Hi sban I ime-
stone at Suwei I i h are rich in glau-
conitic sand, with gray mottled lime-
stone at the base, These glauconitjc
I imestones can be considered as the
time equjvalent of the Lower 14ember.

The gray and brolan shales at Suweiljh
may correspond to the 14iddl e l'1ember.

Regarding this as valid correlation
the liliddle and the upper l,lember of
the Mukheiris Formation at S!weilih
measures about 70 m in thickness,
whjch is only a ljttle more than at
l,ladi l,4ukhei ri s where 60 m are
preserved. In contrast to the arena-
ce0us Upper 14ember at I,]adi ,\4ukheiris
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Fig. 7, Coiumnar section of the Wadi
Naur and Iladi es Sal t exposures, west
of Naur. For legend see Fig.2.
Säulenprofil der Aufschlüsse im Wadi
Naur und im Wadi es Salt, westlich von
Naur. Legende siehe Abb. 2.

only 1 ittl e sand i s f ound at Suwe'i 1i h,
within a 9 m thick sequence together
with varicolored sha'les and grey marls

The trans i ti on of beds of the
Mukheiris Formation (Fig.5) to the
fol lowing Iraq al Amir Formation
(Fig. 7) is not exposed, but the Su-

weil ih rock column (Fig. 3) indicates
that there i s no addi tional sediment
of this formation to be expected.

2.7 IRAQ AL AMIR FORMATION

In Wadi es Sal t and I ower lrJad i Naur

iust t.J of Naur (Fig. 1) Triassic rocks
are exposed (Fig. 7). The Iraq a'l Amir
Formation is exposed here because a

shallow dome-shaped structure with
low incl'i nation on the eastern side and

a steep slope on the W-s'i de is cut by

the deep wad i for a di stance of
approximately 1r5 km. The Iraq a1

Amir Formation is named after the
'I ocation of a beautiful hellen.i stic
temple that t,las bui lt in the Iower
tlad'i Sir near its conf luence with Wadi
Naur (Fig. i). Three members have
been differentiated within this rock
uni t: Bahhath, Abu Yan, and Shi ta
Member. The upper boundary of the
formation is characterized by the
'Iaminated stromatolitic carbonates of
the basal Um Tina Formation.

9c !!e !h -Ues!er

The rocks of the Bahhath Member are
exposed i n Wadi Naur bel ow i ts con-
fluence with l.Jadi es Sait only. The
Bahhath Member is about 26 m thick and
rece'i ved i ts name from the strong
spring of Ain Bahhath sending its wa-
ter into tladi Shita, only a Iittle
more than 1 km to the north. The sed.i -
ments mainly consist of fine sandstone,
silt, and clay beds, into which two
1.5 and 2.8 m thick massive units of
nodular 'l imestones are interca lated.
These Iimestones are fossiIiferous
and strongly bioturbated. Detrital
sandy and silty beds between them are
laminated, crossbedded, or total 1y

bioturbated. Bioturbated sandstones
usual ly are rich in oyster shel l s.
t.lell preserved plant fossils are
common on bedding planes of silty
clay beds. Drift wood is present in
these beds as wel l as some smal I
sand-filled channels.

A!s-Ien-Iep!sr

This member predominantly consists
of carbonate rocks and shows a total
thickness of about 38 m. Good exposures
occur at the confl uence of Wadi es

Sal t and lrJadi Naur. The I ower 8 m

are very fossiliferous nodular'lime-
stones and marls with bioturbated
'i nterca lat ions of l ayers ri ch i n

sand and g1 auconi te. The fauna con-
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sists of abundant bivalves. gastropods'
brachiopods and v ert ebra te rema i ns .

This lolier part is over'lain by about
9 m of coarse-grained I imestone wlth
shel1 coquinas and ool i tes I and a

10 m thick bioturbated siltY sand-

stone ri ch in shel'l sr wJ th thin
intercalations of fossi I iferous
'I imestone beds. The tdP i s formed

by 5 m of nassive local ly dolomitized
l'imestones.

§!:!c-UeB!er

The Member recei ved i ts name from

l,Jadi Shita vrhich discharges into the
l/adi Naur iust down of the disappear-
ance of Triassic outcrops below sur-
face, The Shita Member is aPProxi-
mately 25 n thick. and composed of
gray shale and marl, and llJith 2 m

of ha rd I imeston€ at the toP. The

marls and clays are bioturbated,
some layers are rjch in marine fossils
(oysters and other bivalvesr echino-
derms). The limestones 'in the lovrer
part of the section are intraclast
limestone uith a yel'lowisch matrix
and grey nottles. The intraclasts
are due to fragmen ts of bu rrows that
were lithified before the surrounding
sediment becane i ndurated, similar
to the Hisban Formation. In the
upper part, laminated algai limestones
are interbedded }Jith marly I imestones
containing a rich marine fäuna.

The base of Iraq al Ami r Formation
in the lladi Naur area is not exposed.
From the rock column of the SuvJei'l ih
well (Fig.3) it is evident that the
first traces of anhydrite in the rock
column can be most probably correlated
lllith the Lo!,/ermost parts of laminated
algal-mat Iimestones top of th€ Iraq
a1 Amir Formation, which are found
150 m above the top of the !lukheiris
Formation (Fig.3). This woutd in-
dicate a gap of about 80 - 90 m eters of
sediment betonging to the Iraq al
Anir Fornation not exposed between the

outcrops of the Dead Sea area (Fig. 5)

and the l,ladi Naur (Fig. 7), Therefore
it seems that only the upper 90 m of
Iraq al Amir Formation are exposed,
the total thickness of this forrna-
tion then woul d be 170 to 180 m,

General'ly the influence of coarse
terrestrial eros i ona l produc ts is
decreas i ng duri ng the time of the
deposition of the Iraq al Amir For-
mation, l,lhile the Bahhath Member is
sti l'l sandy wi th a predomi nance of
si I t, sand becomes I ess doninant
i n Abu Yan lilember and i s practi -
cally absent in Shita Member. In the
following Um Tina Formation no more

sand reaches the depositional area
'in the l,ladi Naur region, the Suweilih
reg i on and in the a rea of North
Jordan near 14afraq (Ramtha test well.
Fig,8), The facies of the sediments
of the Iraq al Amir Formation indi-
cates a deposition in a shal'low sea

r.,/i th open-marine conditions. The
'lower Bahhath Ilember sediments may

have been, in part, deposited in a

coastal environment, The uppermost
limestones of the Shita l'lember in
llladi Naur demonstrates cl early ä

major break in the depositional
history. lt consists in its 'loll,er

pärt of the typically mottled lime-
stone formed i n the far-coast shal lol{-
wa ter ca rbona te env i ronmen t f rom

the time of deposition of the l'1a'in
ForInation onr,/ard into that of the
Iraq al AInir Formation. The upper
portion of this unit and the foltowing
two formations of the Triassic rock
column are charäcterized by laminated,
often dolomitic I imestones associated
with evaporitesr indicating a rest|jcted
environment ltlith only meaqer terri-
genous influence shown by the sedi-
mentati on of clay.



11

2.8 UM TINA FORMATION

Near the confl uence of Wadi es Sal t
and Wadi Naur (Fig. 1), and in Wadi

Um Tina, I km south of Wadi Naur,
about 70 m of i nterbedded dol omi ti c
'I imestones and marly jrey clays are
exposed (Fig. 7). Al I the sed iments
are characterized by laminated paral lel
or wavy stromato'l i ti c structures. The

rocks of I ower Um Ti na Formati on are
bioturbated, whereas in upper parts
of the section burrows are rare i n

compari son wi th the dom'i nant stroma-
tolitic limestones and marly shales.
At the base oo l i ti c beds are exposed.
Layers with intraclasts and mud-

cracked beds are frequent. I n the
uppermost, sl ightly dolomitic I ime-

stones oval , cus hion-l i ke stromatol i tic
bodies occur in al I the three wadis.

The thi ckness of the Um T i na For-
mation increases to the northeast.
About 200 m of alternating shales and

do l omi ti c I imestones and anhydri te
were found in the Suweilih test
wel'l (Fig. 3) and 250 m of such sedi-
ments at the Ramtha 1 test wel I (FiS.
8) . Anhydri te i s usua l ly di stri buted
randomly with'i n the various types
and does not form distinct rock
units.

2.9 ABU RUWEIS FORMATION

The urpermost Part of Abu Ruweis

Formation is only exPosed in the

northernmostoutcrop of Tr.iass ic sedi-
ments in the lower Wadi Zarqa be-

tween the conf Iuence of t'ladi Huni and

l.ladi Abu Ruweis (Fig. 1)' f rom wh'ich

the formation received its name. The

exact thickness Öf the formation in

th i s outcroP can not be measured

because of strong s1 iding effects and

anhydrite dissolution.

In the Mafraq area (Ramtha 1 we1 1,
Fig. B) the Abu Ruweis Formation is
about 200 m thick and composed of
alternating layers of c1ay, shale,
dolomite and anhydrite. Its base is
def ined by the first thick bed of
anhydri te and i ts top by the fi rst
Jurass ic rocks. In the Wadi Zarqa
dol om iti c I ami nated mar'l s and I ime-
stones, c1 ays and anhydri tes are
exposed. The anhydri te i s I ami nated
and forms thick units. Beds with
anhydrite intraclasts embedded within
a marly matrix demonstrate a near-
shore supratidal sabkha environment
w i th sa l i nar poo1 s, probably exten-
ding very far onto the continent to
the south, and inf luenced periodically
by the northern open sea. Terri genous

influx is minor, no freshwater is
di scharged i nto the bas i n. The

depositional basin subsided from the
beg i nn i ng of the Um Ti na time to the

Fig. 8. Column
Ramtha 1 we l 'l n

1665 to 2190 m

legend see Fig.
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end of the Abu Rul{ei s time for 540 m

at the Mafraq area and probably for
the same interval at the tladi Zarqa

area. 0uring the subsidence sedimenta-
tion was rapi d enough to keep the
area at sea I evel , Sediments were
formed under sabkha conditions within

lereous Rocrs Vu rrelu rg

cänge vulkanlschen cesteins durch-
setzen die verschleilenen Elnhelten
der triaBsi.schen Schlchtenfolge so-
r^,ohL ln schlchtdurchschlagender aIE
auch schichtparalleler Folm. Außer
im Berelch des Wadi zarqa slnd Vulkanit-
gänge in allen Aufschlüssen unal auch
in den beiden Bohrprofllen von Surreilih
und Mafraq anzutreffen. Dle Gänge

setzen sich in d1e Ilegenden Schichten
des Kambrlums fort und wulilen im
Hangenden während der oberj urasslsch-
kretazischen Eroslonsphase abgetragen.

D1e vuLkanlgchen Ganqgestelne be-
stehen aus porphyrlschen Dlabas oder
grobkrl stalllnem Gabbro und slnd 1m

unverwltterten Zustand vornehmlich
au6 PlagiokLasen (Labrado!it) und
Pyroxenen (Au91t und Pigeonit) zu-
samr0engesetzt. Die MineraLe sind
dulch Kontaktmetamorphose und Ver-
wj.tterungEprozesse unter s chiedl lc hen
Alte!s häufj.g sekundär unget andelt.

0ccurrence

Dykes and si'lls of igneous rocks
have been found distributed throughout
the Triassic rocks in Jordan t,r.ith
exception of [,iadi Zarqa area. At Zarqa
Ma'in, a weathered s.i l1 is exposed
about 11 n below the Kurnub Sandstone
within the upper Sandy Member of the

the inter-and supratidal regions, In
the area of Suwei I i h sediments of the
Abu Ruweis Formation }jere largely
e rod ed b efore the depos i ti on of the
Kurnub Sandstone on the erosional
surface formed by clays and leached
evapori tes took p'lace.

Dardun Formation. The t{eathering took
place during upper Jurassic and Lower

Cretaceous. At the base of the rock-
cliffs of the Bassat en Nimra (Fig. 1)

a dyke penetrates Cambrian rocks
exposed at the shore of the Dead Sea

just north of the mouth of the Zerqa
I'larin river. It is perhaps the same

dyke that cuts the rocks of the l,1a'i n

Formation almost vertically at the
slope of the Um Irna l'4assive. Between

this locality and l/ladi Himarar dykes
and sills of different thickness
between 20 cm and 2 m are found in
beds of the i4a'in and Dardun Forma-
tions. In l,{adi Himara, at the con-
tact between Cambrian sandstones
and clays of the Um Irna formation
a massive, thick dyke penetrates
hard Cambrian sandstones and bends

into horizonta'l position to form a

silI that follows the lithological
border between coarse sandstone and

clay,

In liladi Dardun no dykes änd si I I s

were noted. In lladi l,lukheiris the
beds of the Dardun Formation exhibit
sills of different thickness. A

conspicuous dyke cuts through a

succession of sandstone, shale, and
limestones in the Ain ltlusa Formation.
A very solid and thick sjil js pre-
sent in the 'lower part of the lladi
Hisban (Fig. 1), intruding into the

3
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Siyale Member of the Ain l.lusa Formation.
A dyke js exposed also in l{adi Hisban
cutting the Hisban Fornation and is
truncated by the Upper Jurassic-Lower
Cretaceous unconformi ty. The Upper
Jurassic-Lower Cretaceous weatherjnq
was effecti ve some meters down the
magmatic rocks of the ölmost vertical
dyke. In l.radi \aur area two conspiceous
sills are exposed (Fig.7) reaching
a thickness of 30 m. The lower one

has intruded the lithological border
bett{een silty sand and limestone jn
upper Abu Yan l'4ember of Iraq al Amir
Formation, It can be traced jn the same

st.atigraphical position in öll the
Triassic outcrops of l,ladi Naur, This
s j I I seems to be spl i tted i nto two
parts separated by a breccia consistjng
of magmati c and sedinentary rocks, The

upper sill intruding the lowermost
ljm Tina Formation is wel I exposed in
l,ladi es Sal t, l,iadi Naur and l,ladi Um

Tina.

Compositjon

Both of the thick sills in l,{adi

Naur area mineralogical ly are of the
same c0mpos jtion. Labradorite crystäls
(l-4 mm) and clinopyroxenes (augite
and pigeonite) constjtute the bulk of
the rock. A smal I percentage of
hypersthene is present, Plagioclase
crystal s are mainly labradorite
showing albite sel dom Carl sbad

twinning, In several thin sections
plagjoclase crystals are replaced by

analcite.0ther a I tera ti on products
of plagioclase are sericiter saussurite
and clay minerals. The Fe-Mg minerals
often are highly altered to chlorite,
iron oxides önd amphiboles. In some

samples a complete alteration to
chloriter hornblende. and biotite was

noted, Itluscovite and sericite are
al so present and are probably al tera-
tjon products, Brown relict rims of
pyroxenes are still existing. cristo-
bal ite and chölcedone replöce 'large

pyroxenes and f eldspars,

The lovrer sill is characterized
by large plagioclase (löbradorite)
phenocrysts enbedded in a diabasic
matrix. Vesicular texture is also
noted. Amygda I oi d cavities are
filled partially or conpletely with
zeol i tes and calcite. 0iabasic texture
is dominant in all rock samples,
but ophjtic terture is present too.
Al I rock sampl es from Naur area are
diabasic dykes and sills with a

diabase poryhyry sill (tower sill),

The dykes and sills present in
Lower Triassic beds of Zarqa I'la, jn
and l,lad j Himara show the sane mjne-
ralogy and texture as those of l,ladi
Naur area. They are diabasic rocks
wi th highly al tered plagioclase
and pyroxenes. Chlorite and iron
ox:des are the comnon t,leatherjng
products. Rims of altered pyroxenes
still exist. Calcite occurs as
repl acement mineral. The diabasic
rock of the dyke penetrating Cambrian
rocks near Bassat en Nimra at the
shore of the Dead Sea is similar to
that of the sills and dykes in Tri-
assic sediments above. The rocks of
the sill are also comparable with
those of the lower sill at the Na!r
area since they are diabase porphyries.
The rock is highly weathered and

altered to chlorite änd jron oxide,
most probably due to the extensive
salt erosionr nol{ just above Dead

Sea Level and only a few decades ago

below sea level of the highly sal ine
Dead Sea,

A very interesting rock type |ias
discovered in a sil l at the base of
the Triassic beds in the l,ladi Himara.
Here the neighbouring sediments of
the i gneous rock are metamorphosed.
An argillaceous matrix surrounds
angulari fine grained quartz and

feldspar crystals. The angularity of
the grains is attributed to the
large abrasion of these crystals.
Iron oxides are abundant within the
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matri x, The dyke i tsel f i s of gabbro

type. It is the first time such a

rock type has been recorded i n Jordan.
Plagioclases and anhedral cl inopyroxe-
nes form the essential constituents.
The plagioclase is of labradorite-
bytown i te composition with albite-
pericline laws of twinning, Clino-
pyroxenes are mainly augite. Hyper-

sthene is present as well as hornblende
which alters to chlorite. Biotite also
alters partiallY i nto chlorite,
14uscovi te, sericite, and saussurite
occur as alteration products. l'4agne-

tite, i'lmenite and hematite are
present as ninor constituents, The

general texture is hypidiomorphic
granular. The rock is typical gabbro.

ln tJadi Naur the upper sill (Fjg, 7)

is overlain by vlell crystalline dolo-
mi te (calcite occurs as a minor consti-
tuent) and is underlain by limestone
with little dolomite. At the base

exist some thin greenish beds which

consist of dolomite, plagioclase and

quartz. These highly al tered carbonate
beds are resul ts of contact netamorpho-

sis. The bed above the lower si lI at
Nadi Naur consists of t./ell crystalline
dolonite bi ith crystal diameters around

5 mn,

An ignous rock sample from the
Ramtha l well near lvlafraq (exact
depth unknown) can be correlated with
sills and dykes present in the Trias-
sic outcrops. The rock consists of

clase,3.90 "l quartz, 14,61 .l ironoxi-
des and 5,82 % mafic minerals. The

original texture of the sill sample

is destroyed. I'lost probably the sample

comes from a diabasic dyke in the lower
Um Tina Formation (see Fig. 8), the
position of the sill js hypothetically
only and has been attributed to a

prominent marker bed in the electro-
I oq.

CompaRrson r,ltrH THE Tnrasslc Rocx Corumru wEST oF THE Dean Sel

VencrercH mrr nrR Tnras-ENTWTcKLUNG wESTLtcH vott TorEt lkrn

Die T!rasablagerungen der nörd1i-
chen Negev entwickeln sich aus qiner

marinen permischen S edinenlserie
(wEISSBROD 1968). Dj,e terrestrische
ljm Irna Formation Joldaniens findet
!^,eetIich des Wadi Araba keine Ent-
sprechung, Dj.e !,lar j.n und Dardun For-
matronen können mrt der unteren und

m1ttleren Zafi! Formatj.on de! Negev
verglichen werden (DRUCKMAN 1974).
Die Aj.n Musa Formation entsprlcht
der obelen Zafir Formatron der zen-
tralen Negev. Die ttlsban (alke lrerden
durch die Raraf Formation, unddie
Mukheiris Formation und Iraq a1 Amj.r
Formation durch dre Gevanim Fohation
des Makhtesh Ramon Gebietes vertreten.
Die Um Ti.na Formation kann mit der

MohiLla formation im Untelgrund der
Negev vergllchen werden (DRUCKMAN

1974t 1911). Vulkanit.e mit gleichem
Chemisrnus wie in Jordanien sind süd-
lich elner vom Si.ldende des Toten
Meeres nach Südv,/eslen ver laufenden
Linie in die Sedimente der Trlas und

des Jula elngedrungen (FREUND 1977).

The Triassjc sedjments exposed at
the surface and at numerous wells in
the northern Negev (Fj9. 9) res t on

marjne Permian limestones and dolomi-
tes (ITEISSBR0D 1958). 0nly 54 km S l,,l

of the southern end of the Dead Sea

(Hamejshar 1 well) the Permo-Triassic
sequence overl ies Cambrian beds
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Fig.9. Correlation Chart of Triassic
Sequences East and tlest of the Dead
Sea (modjfied, after DRUCKMAN 1974).
Lithostratigraphic legend see Fig.'2.
Total thickness about, 1000 m.

Korrelation der Trias-Fo1gen östlich und
westlich vom Toten lr,leer (modifiziert nach
DRUCKMAN 1974), Legende siehe Abbr 2.
Gesamtmächtigkeit etwa lOOO m.

(FREUND 1977) with a simitar I ithology
as indicated in Suweilih 1 well (dolomi-
tic Iimestones at the base (DRUCKMAN

1974), A sequence as represented by
lJm Irna Formation between Wadi Himara
and [.Jadi Zarqa Ma'i n has no counterpart
west of t.Jadi Araba. In contrast to that
the Ma'in and Dardun Formations with
nearly 100 m in thickness can wel I be

correlated with the Lower, Middle and

the I owermost Upper 14ember of Zafi r
Formation in the Negev and correlate
also with sections like that of

Hamei shar i wel I ( DRUCKMAN 197 4) ,

The Ain Musa Formation with nearly
100 m sediment can be correlated
with the Upper Member of Zafir Forma-
ti on above the basa l 'l imestone beds.
Again the rock column of Hameishar
1 wel |, 54 km SI.J of the Dead Sea cor-
relates best.

The Hisban Formation corresponds to
Ra'af Formation, especially that of
Har'Arif outcrops and Hameishar I well
in the Negev where it is also about
30 m thick (I.lEISSBR0D 1968). The

upper Mukheiris Formation and the
Iraq a'l Amir Formation correspond to
the Gevanim Formation (DRUCKMAN 1969,
1974). especial 1y that of Makhtesh
Ramon. The I ower Middl e Member of
Gevanim Formation of this Tr.i assic
0utcrop about 50 km SW of the southern
end of the Dead Sea corresponds well
with the Bahhath Member of the Iraq
al Amir Formation in I ithology and
'in thickness (DRUCKMAN 1974). The

Abu Yan l,1ember with glauconjtic and

bone-beari ng beds at the base and

I imestone and sand at the top corres-
ponds quite wel l to the upper part of
Middl e Member of Gevanim Formation
where it is dominated by limestones,
as in Makhtesh Qatan 2 well about
20 km SW of the southern end of the
Dead Sea. The Shita Member of Iraq al
Ami r Formation i s simi I ar to the
Upper l'|ember of Gevanim at l'lakhtesh
Ramon in thickness but contains less
sand.

The Um Tina Formation of Jordan
can be correlated with Saharonim
Formation of the Negev. The Abu

Ruwei s Format ion cha racter.i zed by

anhydri te beds corresponds wi th the
MohiIla Formation (DRUCKMAN 1974,
te77),

The contact to the Jurassic rocks
i n the Negev i s characteri zed by
pisol itic clay and marl (DRUCKMAN

i977, G0LDBERG & FRIEDMAN 1974),
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which in the outcrops at |ladi Zarqa

as welI as in the subsurface of Ramtha

l well also occur in Jordan,

The abundance of dYkes and s i I 1s

in Jordan of similar chemistrY may

indicate a common source. Al l sills
and dykes had i ntruded before the
erosive phase at the U!per ,lurassic-
Lower Cretaceous boundary. Dykes and

si lls have al so intruded into Triassic
and Jurassic rocks S !,,l of the t'ladi

BrosrnarlcRlpHv BtosrRltteReptte

Dle um Irna Formation enthält eine
obelpernische Poll,en- und Sporenf Lora,
Die Daldun l.oünatlon führt Conodonten

des skyth (BENDER ',l 968). Auf Grund von

Anunonltenfunden tst der Hi,sbankalk In
das Anis elnzustufen (PARNES 1975). Dle

Anl s-Ladln-Grenze fäl]t ln der Negev

nlt dem wechEel vom normal mariDen

MIILeu zum sallnaren Mll1eu zusarNnen

und liegt dernnach 1n Jordanlen 1m

Grenzberelch zwlschen den lraq al
Alnlr und Um Tina Eormatlonen. Das Alter
der Abu RuwelB Eornatlon lst unbekannt,
roögltcherwelse gehört d1e Formation
zum TeiL In daE Karn (DRUCKMAN '1 977).
Nach elner sedlmentatlons lücke folgen
Sedimente de8 unteren Jura (BANDEL

1981).

The lowermost menber of um Irna
Formati on sampl ed at Bassat en Nimra

coul d be dated |,,i th the hel p of po'l I en

grains as l.Jpper Permian. Dr, I,A.
B rugma n (Utrecht) determined
Lueckiopatitee virkkiae P OT0N It et
KLAU 5 1954r Nuekoiapatitee dulhuntyi
P0TONIf et KLAUS 1954 and PT.aAfotdia-
opota ctenulata (l/ILS0N) F0RSTER 1979

Araba penetrati ng a zone E of a line
from the southern end of the 0ead Sea

to the south west. ,rurassic rocks in
Jordan exposed along the escarpnent of
the Jordan valley N of Es Salt are
not intruded by diabase, According
to FREUND (1977) the intrusive rocks
S of the Dead Sea area are of the same

chem i stry as thos e south of a I i ne

crossing Jordan in northea s tern
di rection,

from the dark argillaceous sha'l es

above the contact to the Cambr.ian

sandstones. The ol dest biostrati-
graphically dat€d beds in the Triassic
of Jordan belong to the Upper Carbona-
te Member of the Dardun Formation from
Zarqa Ma'in. From these BENDER (1968)
reports conodonts of Scythian age.

HIRSCH (1975) descri bed similar
conodonts from the I ol4er zafi r Forna-
tion and the uppermost Yamin Forma-

tion of the Negev, also assuming a

late Lower to early Upper Scythian age.

Therefore comparable beds present in
the Suweilih l well nay be of similär
age and may be a time equivalent of
the terrestrial upper Um lrna Forma-

tion.

C0X (1932) had stated an Anisian
age for Hisban limestones. But the
boundary between Scythian and Anisian
is shown to I ie belo}i the Hisban
Formation by PARNES (1975) according
to ammonites. In the Negev the Anisian/
Ladinian boundary I ies Just above the
top of the Gevanim Formation.
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Judging Druckman's (1969) study of
this formation from l'lakhtesh Ramon

the boundary between Anisian and

Ladinian corresponds approximately
to a change from the open rnari ne to
sal inar facjes respectively between
the lraq al Amir and lJm Tina Formation.
the transition from the Ladinian to
the Carnjan is placed jnto the upper
portion of Saharonim Formation by

PARNES (1962, I977). This boundary

Rrsurrs

The Triassic rock column of Jordan
consists of about 1000 m of sediments,
of whjch about 600 m are exposed at
the surface, the rest is known from
two wells only. This sequence is
differentiated i nto nine formations:

(1) Un Irna Formatjon with 6 cycles
of graded terrestrjal deposits in
which each cycle is terminated by a

pa'leosoil. Possjbly at least partially
marjne equivalents of thjs formation
have been found in the Suweilih l trell
in a depth of 1000 to 940 m below sur-
face. Sedimentation started in Lpper
Permian according to pol len data.

(2) l.4a'in Formation with marine
silty and sandy deposits in the basal
Himara I'lember, which becomes more

cal careous towards the north, and

sandy deposits jn the Nimra 14ember

demonstrating an offshore cha racter
towards the north. Age: Scythjan.

(3) 0ardun Formation can be diffe-
rentiated j nto 4 members at the type
localityt all of which demonstrate a

near-shore to i nterti da I deposition
with the open-marine influence.

is not exposed in the Jordanian
sectionsi it should be situated some-

where in the upper portion of Um

Tina Formation. At what time Triassic
deposition came to a standsti I I re-
mains debatable; PARNES (1977, Fig.2)
and 0RUCKt4AN (1977, Fjgs,4,5) place
the uppermost anhydrite bearing beds

i nto the Carnian. Thus there is quite
a gap of time until sedimentatjon
starts aqain in the Lower Jurassic.

(4) Ain tlusa Formation with 3

members of whi ch the I ower Muhta ri qa

wjth fluviatile sands wedges out
rapidly towards the North and rocks
thus lithological ly become very simi-
lar to the middle Jamala l'1ember. The

upper Siyale I'lember is variable in
thickness. lt shows a normal marine
character like the I imestone of the

(5) Hisban Fornation, an open-
marine shal I ow-water ca rbona te with
a fa una of Anisjan age.

(6) The marine influence only slow-
ly decreases during the deposjtion
of 14ukheiris Formation, which in its
tvJ0 younger menbers show increasing
terres tri a I cond i ti ons.

(7) The change between terrestrial
coastal cor,ditions and na'jne in-
gressions can be seen also in the
Iraq a1 Amir Formation önd its Böhhath
I'lember, The sediments of thi s forma-
tion become increasingly marly and

cal careous l/{ith decreasing amount
of g.rartzsand,
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(8) Ulith the begin of Um Tina
Formation the open sea had no longer
direct connections with the evaporitic
i nterti dal zones as s hown by the
very restricted fauna. The deposits
öre characterized by laminated algal
mat5.

(9) In the Abu Rudei s Formati on

anhydrj te depos i ts are common.

(10) The sea l/lithdrew completely,
terrestrial condi t'ions wi thout de-
position but with soil formation
only cont'inued through Norian time
and untrl the Lov,/er Jurassic marine
ingression.

A rnajor difference can be stated
between the lower 500 m of Triassic
deposits and the upper 500 m, The

Arabian-Nubian c,ontinent duri ng

deposition of the lower 500 m, at
Skythian and Anisian time, periodi-
cally rose upr and shed its erosional
products often after very short
transport jnto the coastal area.
From upper most Anisian time (lraq
al Amir Formation) the continent be-
came very stable and did not in-
fluence the sedimentation any more

by coarse material.
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The intrusion of diabase and gabbro

into Triassic sedimentary rocks
occurred in a zone that follows
roughly the ancient coast Iine in
Jordan as well as in southern Israel
and Sinai. lt runs from NE to S I,l and

indicating tha t this zone of subsi-
dence along the Arabian-Nubian
Continent is caused by movements jn
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