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ABSTRACT

The "Basal Cretaceous Sandstone®™ formation or "Gres de Base™
of Lebanon consists, in most parts, of a sequence of quartz sandstones
and argillaceous ssndstones, interbedded with clays, shales, lignites,
and locally volcanic material; except in the southwest where the sequence
consists of marine sandstones, marls, marly limestones, limestones, dolo-
mites, clays and shales,

Stratification and cross-bedding are the main sedimentary struc-
tures that were studied in detail; the former are mainly lithologic in
character, and vary from laminated to massive beds, that exhibit more or
less a general rhythmic alternation, Cross-bedding is characterized by
the predominanse of the tabular type, and lesser occurence of the wedge
and trough types, Both tangential and non-tengential foresets were
observed, accompanied by frequent truncation of the upper zones of cross-
bedded units, and giving rise to wniform surfaces, or "bedding", Graded
distribution is mostly observed in the cross-laminations within cross-
bedded units, this grading being rhythmic., Current directions as obtained
from rose diagram analysis and stereographic pole projections show a
general westerly trend, with a concentration of 85°%/o of the readings
within agimiths of 160°N and 360°N, or within sector of 200%, There is
& close association between the regional mode of reading (260°N), and
the vector mean of readings (255%), The variance is found to range bet-
ween 830 and 79003 while the standard deviation of scatter ranged between
21° and 62°, A fluvial-deltaic environment in which these sedimentary
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structures occured is strongly suggested by these observations.

Two broad facies are recognisable in the "Basal Cretaceous
Sandstones" of Lebanons (I) a non-marine to transitional, deltaic or
terrestrial fluvial facies consisting of sandstones, with some clays,
shales, and subordinate lignites, and calcereous sandstones, and occasion-
ally volcanic material, and (2) s marine facies eonsisting of limestones,
marly limestones, clays, shales, and sandstones, These two facies broad-
ly correspond to the main ones proposed by Picard (1952), for the equi-
valent deposits te the formation in Palestine and Jordon, The "Hathira
Sandstone Formation™ of Upper Jurassic and Lower Cretaceous age is con-
gidered equivelant to the "Basal Cretacecus Sandstones™ of Lebanon., It
is mainly continental to fluvial-deltaic in Jordon, becoming progressively
more marine in a westerly and northwesterly direction going into west
Palestine and southwest Lebanon,.

In Lebanon the "Basal Cretaceous Sandstones® die out towards the
north, thin towards the east, and probably disappear towards the west
(where they give way to a marine formation?); some thinning seems to oc-
cur in a southerly direction, In Palestine and Jordoen it follows roughly
the same trend. Two centres of large thicknesses are observed in the
Jezzin area (in Lebanon 588m), and the Makhtesh Hathira area (in Palestine
450m) . Regional thickness variations are apparently more controled by
the irrigularities in the depositional surface rather than by pronounced
regional basin development, downwarpings or subsidences on a local scale,
but local thickness variations seem to be due to the environment of depo-
sition itself,



The prevailing climate was wet and rather warm, with heavy con-
centrated seasonal rainfall. Diverse river drainage networks were ex-
tensive, The provenance or source area of the sands transported and
deposited by these networks was either from primary granitic sources to
the south, or from desertic sand bodies nearer at hand which accumulated
prior to the development of the wet climate.
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INTRODUCTION

Location

The field arez in which the present work was carried out lies in
the central part of Lebanon within the western or Lebanon range, Qartaba
area form the nothern limit, and the Jezzine area the southern limit,

The Bekaa plain and the Mediterranean Sea mark the eastern and western
limits, respectively, See plate (I) for exact location,
Physiogra

The area forms part of the Lebanon mountainous range of Mount Lebanon
running roughly NNE-SSW and paralleling the Mediterranean coast, Altitudes
decrease in a southerly direction in this chainj the highest peak is lo-
cated at Kornet as Saouda (about 34 lam northeast of Qartaba), and is 3088
meters in elevations In the southeast of Jezzine at Jabael Niha the maxi-
mun altitude in 1853 meters,

Along thie ramge most of the outcrops of the "Basal Cretaceous Sand-
stones® formation are widely distributed; they are best seen along ridges.
Most of the outcrops are well covered by vegetation, particularly pine
treesy this vegetation cover generally serves as an indication for the
presence of sandstomes and is especially useful in aerial photographs ex-
amination, but limits the number of good workable exposures, The present
work was carried on nearly most of these good outcmp* areas within central

Lebanon,
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Accasaabilijz

Lebanon is equipped with an extensive and dense network of good
roadsy linking practically all parts excepts for the high peaks, so that
there is no place that is completely inaccessable though some have to be
approached on foot,

Clinmate

Lebanon has a Heditarranéa.n climate with generally mild wet winters,
and warm dry summers. In winter smow falls on the mountains above 1000
meters, and temperatures range between -8°C and 10°C; while on the coastal
plain temperatures vary between 8°C and 15°C, The area is characterized
by much rain; average rainfall is about 893 mm per year, and this is
mostly concentrated between the months of November and Aprils Sunny dry
intervals of several days are aften met with during the winter season.

In summer the mountains asbove 800 meters elevation are renowned for their
cool weather with temperatures varying between 18°C and 2500; on the
coastal plain, however, hot humid days characterise the months of July
and August, when temperatures go up to 35°C, Accordingly, the period
between the month of April and October of each calender year is most suit-
able for field work, when the weather can be relied upon,

Previous Work

Surface geological work has been carried out since the 1830's in the
country and many publications on the general geology, stratigraphy, struc-
ture, and paleontology as well as a series of 1:50000 geological maps are
available, Notable among the later works are those by Frass (1877), Blankenhorn
(1890, 1927, 1951), Douville (1910), Zaumoffen (1909, 1926) » Kober (1915),
Krenkel (1924), Day (1930), Dubertret (since 1980), Vautrin (1934),



Heybrock (1946), de Vaumas (1948), Renouard (1955), Sabbagh (1961).
Most of the work concerning the "Basal Cretaceous Sandstones™ consisted
mainly of general description of the lithology of the formation as a
unit, with overall thicknesses at some localities; Sabbagh(1961) gives
a detailed stratigraphic section of these sandstones in the Jezzine area,
while Dubertret has briefly described several other sections in different
parts of the country. |

Different conclusions were arrived at, based on these obeservations,
Some writers concluded that these sandstones were deposited along beaches
and littoral zones of the continental shelf; otherscemcluded that the sand-
stones were of fluvial continental to transitional type of deposition,
Moreover, the sandstones are considered to be the result of the decomposi-
tion of granitic rocks in a region somewhere south of the Lebanon, probably
the present area of the Arabian Shield, Lithological comparison: and
stratigraphic pssition equated these sandstones with the "Nubian facies
Sandstones® in Jordan and Palestine, and they were, therefore, considered
as an extension of the latter faclies into Lebanon,
Objectives and Scope of the present work

The present work was undertaken with the following objectives:

i. To provide a better understanding of the mode of sedimentation
and the ewironment of deposition of the ™Basal Cretaceous
Sandstones", ‘

ii. To clarify the type and nature of the mediums of transportation
of these sandstones,

iii, To arrive at clearer conclusions regarding the provenance and
origin of these sandstones,



iv, To construct the paleogeography of "Basal Cretaceous Sand-
stones® times in the Lebanon, and in the Levant, (Lebanon,
Syria, Palestire, and Jorden) |

In order to properly carry out these objectives, the following
studies were made, which are based primarily on field observations and
interpretations:

i, Detailed study of the lithology of the sandstones at key sections.
ii, Detailed study of sedimentary structures, mainly stratification
~ and cross-bedding, in these and subsidiary sections.
iii, Detailed analysis of vertical and lateral facies variation
based on these sections,
iv, Construction of isopachyte maps for the Lebanon and the Levant,
Ve Regional correlation of the Lebanon sandstones with similar facies
sandstones in the Lewvant,

The texrm %Basal Cretaceous Sandstones® is used in reference to the
sandstones that overly the Upper Jurassic (Portlandian and Kimmeridgian),
and underly the carbonates of the Aptian of Lebanon, Several names have
been used for this sandstone formation; viz: "Sandsteinformation®, (Frass
1878), "Gres a Lignites®, (Douville 1910) s "Gres Lignitiferes® (Zumoffen
1928), "Gres du Liban®™, (Dubertret 1949) s "Gres de Base", (Dubertret 1955),

The equivalent of the "Basal Gre_taceous Sandstones®™ in Palestine and
Jordon is the Hathira Sandstone Formation®, The Latter is considered to
be of Upper Jurassic to high Lower Cretaceous (Albian, and perhaps may
be even lowermost Cenomanian?), This formation (In Palestine and Jorden)
is considered to be of continental, fluvial, deltaic, and occasionaly
marine beach or shallow shore deposition, (Picard, 1959; Wetmel and Mortom 1959),



The equivalent of the "Basal Cretaceous Sandstones® in Syria is
the "Cherrife Shale Formation® which is taken to be of Upper Jurassic
and Lower Cretaceous age. This formation (in Syria) is, presumably in
part, the attenuated extension of the "Basal Cretaceous Sandstones® of
Lebanone No direct comnection can be traced through from Syria to Jordon
but there can be tittle doubt that it is likewise an extension of the
fathira Sandstone Formation (L.S.Ie vole ITI, fascicule 10 ¢ I, pe 196,)
¥ethods and Extent of Work

1. Oross-Beddigg_

Eighteen sections were examined. These are divided into two cate-
gories: a) Those where complete stratigraphic sections were sampled and
neasured and where exposures are good; and b) incomplete stratigraphic
sections, wefe studied because of the desirebility to obtain a good density
distribution of studied localities, but where complete sedimentary sequences
vere lackinge Table (I) page 7 gives the exact location of all these
sections and the corresponding number of readings at each ( see also, plate
(XI) page 84)

The complete sections were systematically sampled, while random
ganpling only was made at the incomplete stratigraphic sections. In no
case, however, were more than 4 readings (of cross-bedding foreset dip and
azimuith) made at each outerop, except in the locality of Rouaiset el-Ballout
where B readings were taken; these readings were made inprder to provide
safficient mmbers for the construction of rose diagrams, and to provide
better determinations of current directions., The number of readings at
each section, however, was dependant on the variability of current diree-

tions; the more the variation the more the readings, and vice versa, In no



TABLE No. (I)

Localities of Cross-bedding Studies and

Corresponding Number of Readingse

Nos| Localities Long. | Lat. Km Ge X Kn Ge ¥ NeRe
1 | Qartaba 35%1' | 54%0851 241 163 16
2 | Hrajel 350481 | 540011 252 157 28
3 | Beskinta 35%46' | 33°56" 223 155 30
4 | Majdal Tarchich |35%48' | 33953t 218 158 11
5 | Kfar Selouan 35%6' | 53°50 212 153 16
6 | Qoubai! 35%11 | 530481 209 146 15
7 | Aghmid 35%21 | 33°451 205 147 19
8 | Maaser EL Shouf |35%0! | 33989t 192 144 22
9  Jezzine 359331 | 539331 179 133 26
10 | Col of Machgharah| 35°37t | 539301 175 139 20
11 | Zahlta 35%21 | 339301 175 132 20
12 | Beisour 859841 | 339461 203 135 18
15 | Roumieh 35°361 | 53°52! 216 140 20
14 | Douar 85%2' | 55°54! 219 147 19
15 | Bois de Bolongue |35%4' | 339541 220 151 16
16 | Salima 35%2! | 33951! 214 148 24
17 | Aintoura 859371 | 33956! 224 142 20
18 | Rouaiset El . o

| Ballout 35 391 | 53%491 210 142 14
long. : Longtitudej Km Gex : Kilo meter grid, x-dirction
lats : Latitude; Km Gey ¢ Kilo meter grid, y-direction
NeRs : Number of readings; '
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case, however, were less than 1l readings taken at each locality.

The number of localities was a function of the variability within
these localities, in that more areas of study were added in order to pro-
vide a reasonable concentration for the determination of the direction of
transport. An average of 3 locality concentration was taken along a dis-
tance of 20 to 25 kilometers, (see plate II page 8).

A Brunton compass was used in the determination of azimuth direc-
tion of cross-bedding, and abney=levels for the determination of the angle
of dip of the foresets of the cross-bedding. In order to determine the
maximum amount of the angle of dip of foresets two components were measured
&t dihedral angles varying between 25° and 90°, Tectonic tilt was measured,
whenever present, and a correction was applied for all corresponding read-
ings; this varied between 0° and 35°,

Histograms were constructed in order to show the behaviour of
the varistion in the angle of dip of foresets in cross-bedding. The ho-
rizontal axis is divided into intervals of 6° with the zero at the origin.
The vertical axis is taken as the percentage occurence of angles of dip,
with the zero at the origin., This analysis was carried out for each loca-
lity. These results are found on plate(IV) page 39.

Hose diagrams were constructed in order to determine general
current directions., The mode of readings (the mid point of the interval
that contains the highest numbers of readings, or in other words, intervals
with largest percentage.) are taken as the general direction, These rose
diagrams are divided into 9 intervals every 40° degrees azimunths, and
radial percentage of current directions. Results are found on plate (V)

page 42 .
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The true direction and amount of dip of foresets of cross-
bedding was computed by the use of stereographic nets with a twenty
centimenters diameter and 2° azimuth interval, These results are found
on plate (VI) page 45.

A supplementary map showing the direction of individual readings
at each locality was constructed in order assist in giving a better picture
of the actual distribution of current directions, see plate (VII).

In order to arrive at clearer conclusions regarding the depositional
environment  responsible for the formation of cross-bedding , further ana-
lysis was carried out, embodied in the computation of the vector mean of
the total number of observations, the sample variance, and the standard
 deviation of scatter at each locality. The following equations were used
in the computation of these aspects of cross-bedding; they are taken from
Potter and Pettijohn, (1963) ppe. ’255, and 264,

V-in§ n; cos x;
H-ig; nis:l.nxi

X = arctan W/V
R = (V2+H2)%

L= (R/n) 100

Where x; is the mid-point azimuth of the i th class interval; X is the
aximuth of the resultant vector (vector mean of readings); n; the number

of observations in each class, n the total number of observations; R the
nagnitude of the resultant vector; and L is the magnitude of the resultant
vector in terms of percent. |



n

5% = 1§ (% = D /(a-1)

where SX is the sample variance; X; 18 the individual azimuth of reading;
X is the resultant vector of total observations (mean of reading ); n is
the toial number of observations,
: s‘:‘:’n = Sx
,vn
vhere Sx is the standard deviation of scatter; Sy is the square root of
the variance and n is the total mugber of observations.

The results of these analysis are given on table (5) page 38-

2 Stratigraphic sections

Nine stratigraphic sections were sampled and measured in detail
in order to provide adequate data on vertical and lateral variation in
facies, and on overall thickness variation of the "Basal Cretaceous Sand-
stones" in the Lebanon. These sections are fairly widely distributed,
and generally reflect both the different lithologies and their corres-
ponding thicknesses. The number, location, and total thicknesses are
given on table (2) page 123 (see also plate (IIT) page 13). Appendices
(page 82 ), give: the detailed description and individual thicknesses of
beds within the formation: at each of these sections,

Additional data were obtained from the literature concerning
thicknesses and lithologies at other sectons, these are found on table (3)
page 14 with their appropriate source, Data on Palestine, Jordon, and
Syria were obtained from the literature, ' as shown on table (4) page 15,



TABLE No, (2)

Number, Location, and total Thickness of

Stratigraphic Sections

Nos Locality Long., | Late | KmGex | KmGey| TuTe |PeNos| APP.NoW|
1 | Qartaba 359511 34°05' 241 163 96m |XVI 1
2 | Jouret E1 Tormos | 35%43t | 34%3 | 235 151 86.5m{XVII | II
3 | Qattin 35%1' | 34%0! | 2m 147 8om |XVIII| III
4 | Aintoura 850371 | 3396t | 224 142 85m |XIX Iv
§ | Beskinta 85%6r | 33%e6! | 223 155 | 240m |XX v
6 | Majdal Tarchich | 35%8! 33953t | 218 158 | 186m |XXI VI
7 | Qoubair? 35%41t | 33%s8' | 209 146 | 259m |XXII | VII
8 | Aghmid 35%21 | 33%5t | 208 147 | 187m |XXIII | VIII
9 | Jezzmine 35%331 | 339331 | 179 135 | %88m [XXIV | IX

Long. longtitude

Lat, latitude

Inm Gox Kilometer grid, x-direction

B8 B8 s 8 &8 as =s

Km G’cy

T.T. Total Thickness
P .No. Plate number
APPNo. Appendix number

Kilometer grid, y-direction
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TABLE Nos (3)

Number, Location, Total Thickness of

Measured Stratigraphic sections

In Lebanon.
Noe Locality Long. Lat, Km Ge x| Km Ge y| T.T Source
1 | 8ir ed Dannyie [36%2' | 349221 | 272 180 én | .Re Wetzel in
Dubertret, 1951
2 | Becharrie 35°591 | 34°%151 | 256 176 20m LI
5 | Bgaa Kafra 36°001 | 34%131 | 254 177 30m| .w ®
4 | Matazrat Beni
Saab 85°54t | 34%14r | 256 165 28m | Dubertret,1951
5 | Ehmej 35%46' | 34%6' | 243 156 62m " ®
6 | Broummana B5°371 | 33%2t | 216 141 150m | FeM.Kana'an,1965
7 | E1 Mansourien  [35%34t | 33%1t | 213 136 161n | BoTixier, 1964
8 | Kfar Miss 5%8r | 53%4' | 201 142 250m | Heybrock, in
Dubertret, 1951
9 | Abieh 5%501 | 33°44' | 201 130 | 205m | Karcz, 1965
10 | Kneisseh 5933t | 33%3: | 198 135 250m " "
11 | MaaserEl Shouf [35%o0' | 33%39r | 192 133 | 180m | FuM.Kana'an,
- SeWakim, 1965
12 | Col of Machgharah 35°361| 33%°%0t | 175 139 233m | G, Geynaud, 1963
o o Renouard and
13 | Mirms (357431 | 33°24¢ 163 148 125m | Minassian, in
Dubertret, 1956
14 | Majdal Chemms 8 -
(Hermon) B5 46! | 33°18' | 147 154 50m | Dubertret, in
Wetzel and Morton,
1959
15 | Adloun Ne.l Well [35°16' | 33924t | 164 107 17Cm | Co, Libanaise
des Petroles,1960
Long. t Longtitude; Km Gex : Kilometer grid, x-direction
Lat, : Latitude; Km Gey : Kilometer grid, y-direction

TWTs

Total Thickness
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TABLE No, (4)

Number, Location, and Total Thickness of Measured Sections
and Subsurface Data in the Levant,

Nos Tocality » |Lat, b.l‘. Country Source
1 | Qiryat Shemmona [35°38' (33°13¢| 180m | Palestine Karoz, 1965
2 | Debora 35°25' |32°407| 100m " " "
5 | Ashier 85°111 320471 30m " R
4 | Nahr AzZarqa 35571 32910t | 214m | Jordon Wetzel and Morton,1959
5 | Suweilleh No.l
Well 85%481 |32°02!| 142m | Palestine Bender, 1961
6 | Safra No.1 Well [36°29' [31°53!| 300m | Jordoen " U
7 Rama1lah No.1l ° o
Well 357071 [31°53!| 310m | Palestine " "
8 | Jordon Valley
No.l Well 85%411 (31°46¢( 171m Jordon " "
9| Wedi Zarga Malin (85°461 |31°431| 234m " Wetzel and Morton,1959
10 | Halhul Noll Mll: 061519361 250m | Palestine Bender, 1961
11 Massada No.LWellB5°187 (81927 402m | Palestine E, Aharoni, 1964
12 Zohar Nol.l Well [35%16' [31°17t| 406m - " U
15 |ed Dhira 35°421 31°137 171m | Jordon | Wetszel and Morton, 1959
14 }uakhteah Hastera [35°09' /50°571| 512m | Palestine Bentor and Vroman in
LeSeIe VnIII,F&SoID: c1l
15| = HatMira 154"58' 30°63| 450m . Bentor in Ball and Ball 1953
16 [Wadi Musa. 359351 30°16! 97m| Jordon Nasr @ Morton in Wetzel
and Morton, 1959
17 |Negeb Ashter 359371 [30°02'| 70m " Nasr:@ Morton in Wetzel
and Morton, 1959
18 Wadi Menétadeh 34°57' |29°471| 150m | Palestine . Ball and Ball, 1953
19 [E1 Quweira 85°191 (299471 135m| Jordon 19 in 0
; Vel ﬂ'as =g
20 Mudawera 86°04" |29°20'| 150m " " " "
21 [Wadi Raman 34°501 [50151*| 253m | Palestine fhaw in Wetzel and Morten,

22 [Sinaf Nb,1 Well [34°52' (50°07!| 200m " Picard, 1959
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Thickness measurements were mostly made by tape, particularly in
the thinly to thickly bedded rock units., of less than 5 meters thickness.
Massive beds, however, were measured by the abney level, especially when
such beds outcrop along roads, as is the case in the Jezzine area.Levelling
was carried out in areas where dips were horizontal; and the difference in
elevations, therefore, were taken as true thicknesses of the rock units,

The Brunton compass was used in the measurement of the dip of strata and
direction of the angle of dip, whenever required. Dip correction was
introduced whenever present (Ma'aser el Shouf, Aghmid, Jouret el Tormous,
Qattine, Aintoura, and Jezzine). Estimation of dip was made in some cases
where actual measurement was virtually impossible,

Samples were taken at every change in Iithology; and one composite
sample was collected from each lithologic unit, of less than 3 metez;a in thickness,
Beds greater than 3 meters were sampled at ra_ndou intervals adding up to
three samples, . No greater detailed collection of samples was . carried
out, as the present work is primarilly based upon field observations, Never
the less some 250 samples were. collected and these are include representa-
tive of all the lithologies encountered in the "Basal Cretaceous Sand-

stonesgh,
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Lit.holo&es

In order to obtain adequate control for facies variation within
the "Basal Cretaceous Sandstones®™ formation, detailed field sampling
and neasuring of different stratigraphic sections was carried out, limited
in density by the availability of good exposures,these measurements were
supplemented from other sources, - (see table (2) and (3) ppe 12 and 14).
In the case of the measured sections both overall thicknesses of rock
units, as well as thicknesses of individual beds within these rock units
were measured. GCrain size variation in the sandstones are recorded
as fine, medium, and coarse. A detailed description of colour variations
is recorded. The characters and mode of bedding planes are fully described
for each lithologic rock unit within the extent of the outerops The car-
bonate content as measured in the field is given as strongly limey, slightly
limey, and non-~limey. Carbonaceous materials are noted and mentioned
whenever present.
The following lithologies in the "Basal Cretaceous Sandstones®

formation were recognised in the field:

1) sandstones

2) argillaceous sandstones

3) clays and shales

4) lignites and carbonaceous materials

5) limestones

6) marls

1) Sandstones constitute the bulk of the sedimentary sequence

18
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in nearly all the stratigraphic sections; and in their overall areal
distribution, These sandstones are composed of guartz grains, with
traces of some heavy minerals. The cementing materiai, in most cases,
is iron oxide (limonite and heamatite); calcite is generally a minor
cementing material in a few exposures, in particular towards the lower
and upper contacts of the formation with the Jurassic and the Aptian beds
respectively. The hard and compact sandstones are often associated with
haematitic cement; while the less consolidated and relatively soft sand-
stones are linked with a limonitic cement, Soft and friable sandstones
are frequently encountered. According to grain size, these sandstones
have been divided, into three divisions:
je fine~grained sandstones

ii. medium-grained sandstones

iii. coarse-grained sandstones
The variability in grain size, however, makes it difficult to recognise
and di fferentiate between these units,

The medium=grained sandstones are by far the most predominant, and
are of wider areal distribution in contrast to the coarse-grained sandstones
which are of a very limited occurrence, and of very short lateral extent
(usually not more than a couple of meters); whenever found they grade into
medium grain size sandstones, Most of the sand grains are subrounded in
shape, particularly the fine and medium orders; the coarse grain sizes are
nmore angular. These sandstones show an overall rapid changes in colour
both vertically and laterally, although individual beds retain their own
colours, The colouqubat were observed are uhité, and varying shadesof
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yellow, brown,red, and violet. These sandstones are often found in bedded
sedimentary units of thicknesses ranging from one centimeter to about one
and a half meters. GCenerally they retain more or less constant thickness
within the extent of the outcrops, namely as much as some hundreds of meters
in many cases; this is particularly so with the massive and thick beds,
which are often hard. Field observations, -however, have shown that these beds
can not be used as definite reliable stratigraphic markers for correlation
because of non perslstence over longer distances due tc the rapid vertical
and lateral variations that occur in the formation. Generally, lateral
variation in these massive sandstones is accompanied by gradual thinning
in opposite directions, to form large size troughs or lenses, This is
best seen in the Beskinta and Zehlta areas (t.he latter about 5§ to 6 kilometers
south of Jezzine), Thin beds, however, are rather uniform in thickness but
within rather short lateral distance of not more than few tens of meters;
these thin beds are associated either with lignites or with clays and shales,
Cross-bedding structures are most predominant, and are only asso-
clated with sand-stones. Among other structure are mud cracks, ripple marks,
trough bedding and nodular structures.
2) Argillaceous sandstons are the second most prominant lithologic

rock unit in the "Basal Cretaceous Sandstones® formation. These are made
of very fine to silty sandstones with an appreciable amount of clay that
makes them some what sticky but friable, Usually they are rather soft, but
sometimes quite hard beds are found; this hardness appears to be a result
of loss of water content and is controlled by the amount of moisture with

the clayey cementing material. The observed colour is mainly grey of various



tones; becoming blackish when associated with lignites and carbonaceous
materials., They always occur in thinly bedded to laminated layers that
are otherwise massive in character, These beds exhibit a variation in
thickness and appear to follow the same trend as the sandstones but for
shorter lateral distances. Pyrite grains are seen to be associated with
these argillaceous sandstones in a good many exposures, particularly with
the richly carbonaceous ones, Disseminated amber particles were occasion-
ally observed in Jezzine, Qoubai, Beskinta and Aghmid areas.

No cross-bedding is observed. Among observed sedimentary structures
are slump bedding, small scale faults, and disseminated nodular concretionary
structures.

%) Clays and shales are of limited areal occurrence, They are

always found in comparably much smaller lenticular dimensions ranging from
a couple of meters in some cases to about forty meters in others, These
clays and shales are found in laminated beds which are otherwise thick to
massive in character. They are usually soft, and friable depending on the
content of water., They are often found to be rich in carbonaceous materials
and at times with associated lignite beds. The colour varies from blackish
to grayish depending on the amount of carbonaceous material present., White
colours are sometime seen, while red and chocolate coloured shales have
been observed, many being rich in iron content. Chocalate coloured clays
associated with the volcanic rocks, have been formed by the alteration of
basalts and ashes and they are of sporadic cccurence.

Contorted bedding, and minor small scale faults, are the main
sedimentary structures that are associated with clays and shales,

4) Lignites were observed in several localities. Their thicknesses
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vary from a few centimeters up to about 5 to 6 meters. They have a
rather limited lateral extent not exceeding a couple of tens of meters
although exceptional longer areal extents were found near Jezzine where

a distance of about one hundred meters is not uncommon. These lignites
are thinnly bedded to laminated in character within an overall massive to
thick bed, They are soft and friable, with black colour. At times they
are found interbeddsd with sandstones in an alternating manner of roughly
equal thicknesses of about 5 to 7 centimeters, these beds extending for
quite a long distance of some 70 meters, Carbonaceous materials, however,
are always associated with fine sandstones, and ocour in disseminated
laminations.,

5) Limestones are generally rare, except at the Jezzine and Adloun
areas, In the Jessine area a sandy fossiliferous limestone bed 50 centi-
meters in thickness occurs in the middle of the section: In the Adloun
No. I well a sequence of limestones and marls interbedded with shales and
sandstones was encountered. These limestones are sometimes marly, and
an oolitic limestone bed of about 4 meters thickness occurs towards the
middle of the section. The thickness of the limestones vary between 3
and 19 meters; but no detailed description of individual beds is available.

No particular sedimentary structures were observed except for
crossbedding in the Aptian limestcnes,

6) Marls are equally rare. They are, however, particularly deve-
loped in the Adloun Noe 1 well where they are sometimes silty and sandy,
grey and brown in colour, Their thicknees vary between 4 and 5 meters;
but no details of the individual beds are available,



Sedimentary Structures

Stratification and cross-bedding are the major sedimentary struc-
tures found in the "Basal Cretaceous Sandstones® formation. The study of
stratification is based upon purely gualitative and descriptive methods.

Tn addition the orientation of crossebedded units is analized statistically
in order to determine current directions., Other sedimentary structures

of minor to rare occurrence were recognised and noted, but were not studied
in any detail., These structures include ripple marks, an';‘/url:racks, con-
torted bedding, nodular structures, small scale faults, trough bedding,
and slump structures. Some of these structures could be very useful for
the reconstruction of the paleogeography and details in the environment of
deposition of "Basal Cretaceous Sandstone™ times in the Lebanon and the
Levant, and merit further work,

1, Stratification

Stratification, the most abundant sedimentary structure in the
®Basal Cretaceous Sandstones® formation, has been carefully examined in
all the key stratigraphic sectionsas well as in several other localities
where only random studies were made due to the incomplete stratigraphic
sequences, Four types of bedding are recognised:

a) laminated beds, Less than I cm

b) thin beds, I cm - 20 cm

¢) thick beds, 20 ecm ~ I m

d) massive beds, larger than I m
This classification is in close accordance with those of Payne (1943),
end Mckee and Weir (1953)e Most of the stratification is lithological

25
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in character, in that distinct bedding-planes are often developed between
different sedimentary units, as definedby Otto (1938), such as between
sandstones and clays, or argillaceous sandstones. Bedding-planes separating
such lithological units are usually regular but occasionally wavy to hummocky
surfaces indicate either erosion prior to deposition of the overlying unit
or postedepositional diagenetic changes possibly coupled with differential
compaction or slumping. No detailed examination of the bedding surfaces
with regard to the overlying or underlying structures has been attempted.
It would seem, however, that no sedimentary unit less than Im thick is
laterally uniform in thickness, particularly so with clays which always
appear in lenses of various dimensions. Massive bedding in contrast is
laterally uniform in thickness at least within the extent of the outcrop;
a8 few hundreds of meters in the case of sandstones, less than one hundred
meters in the case of argillaceous sandstones, and of the order of twenty
meters in the case of c¢lays and shales, Clays, shales and lignites usually
vary in thickness and are always lenticular. (Whether such wedging out
and thining of sedimentary units ie depositional or post-depositional in
origin is not certain, because of the lack of erosional structures on top
or bottom of the bedding planes,) Laminated bedding is associated either
with cross=stratification of thicker sandstone units, as will be shown later,
or with carbonaceous and lignitic materials, The latter are often inter-
bedded with poorly consolidated sandstones which are otherwise massive in
character,

Sandstones and argillaceous sandstones ﬂmm non=-rythmic and repeated
alternations of clastic sequence. Thinly bedded clays and sandstones,
however, exhibit an alternation of uniform bedding in an otherwise massive
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sedirentary unit, which by itself could be recognised as cyclic in behaviour,
This is also developed by laminatedto thinly bedded lignites and carbonaceous
naterials interstra_tified with argillaceons sandstones, Thus the "Basal
Cretacecus Sandstones® formation as a whole can be considered as a sequence
of clastic sedimentary units consisting of interbedded sandstones and argil-
laceous sandstones, lacking a definite pattern of cyclic deposition, except
that locally, repeated cyclic sedimentation of thinly bedded clays and sand-
stones, and laminated lignites does occurj(see plate XVII-XXVID. Sharp
bedding planes are usnally present, particularly in the more lithified
sedimentary units, Argillaceous sandstones usuvally grade into sandstones
withoat distinct bedding planes inbetween.
2e Discussion
The factors that could be responsible for the development of stra-
tification include:
a) weather and seasonal changes
b) climatic changes
c) variation in the competency of fluvial currents
d) settling of suspended sediments
e) connection with rise and fall in sea level
f) organic activity
All these agents were contemporaneously operating in varying degrees and
intensities,
8) seasonal changes of weather are partly reflected in the presence
of laminated to thinly bedded sandstones and lignites, which appear in a
repeated alternating sequence as previously shown on page (24), The lignites
possibly correspond to periods of quiet and rather stagnant conditions in
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the sites of deposition which allowed the settling of plant remains and
their subsequent accumlation; these in time were transfomed into peat
and finally into lignites as they are presently found. These conditions,
however, were rather limited in occurrence and were localized as evidenced
by the areal distribution of the lignites which do not exceed 50 m in
lateral extent. Such periods of local stagnation in the site of deposi~
tion were followed by relatively more turbulent conditions which put a
stop to the accumlation of plants and gave way to the deposition of fine
sandstones; these formed a cover on the lignites and possibly were respon-
gible for their preservation. These conditions seems to have been repeated
for some time reflected in the total thickness of the alternating sequence
which in most cases are between 2 to 3 meteres thick. More massive lig-
nites, however, were deposited during longer periods of stagnation, when
the piling up of larger amounts of plant remains occured; these lignites
are of wider areal extent and seem to correspond to local developements
of stagnant pools of various dimensions, that were scattered over much
of the area being covered by the “Basal Cretaceous Sandstones"™ in the
Lebanon; Massive bedding, however, appears indicative of excessively
rainy conditions, producing flooding and the movement of much sediment
to the sites of deposition, ultimately resulting in thick and massive
acoummulation over rather widespread surfaces; these sites of deposition
may have been large dimemnsion troughs, or fluvial channels. Quieter time
spans between floods, however, produced thin sediments of smaller grain
size, and probebly of different composition compared with the thicker units
deposited by floods.

b) Massive bedding can also be attributed to gemeral climatic changes.
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Because such changes are rather of slow and gradual nature, they extend
for longer periods of time during which fairly uniform conditions prevail
with resulting little or no variation in the character of the bedding or
stratification of the sediments moved, But it appears, from field obser-
vations that such widespread uniformity doee not exist in the "Basal
Cretaceaus Sandstone" formation; and that these massive beds are really
more lens like in form and with varying dimensions, and probably indi-
cative of trough filling or river channel filling during floods.

¢) The relationship between competency of fluvial currents and
sedimentation appears to have been more effective in the development of
stratification. Competency is defined as the maximum size particles of
a given density which & stream will move at a given velocity. Currents
greater than the critical value for the deposition of a certain grain
size do not allow the deposition of finer grained sediments. Long wmiform
periods in the competency of cwrrents seem to0 produce rather massive bed-
ding, depending on the rate of sediment supply, in that the greater the
supply the thicker the beds, and the less the supply the thinner the beds.
With the same competency of current, it seems logical, that the greater
the supply the thicker the bedding, and the more uniform the grain size,
Current competency may change within an interval of time which will stop
the deposition of a particular grain size, but without eroding what was
previously laid down; and may give rise to the deposition of greater
grain size, as fine sandstonesgive way to medium grained sandstones; or
medium grained sandstones to coarse grained sandstones.

Sedimentary units with sharp boundaries seem to indicate an ero-



sional period of rather uniform character in some of the bedding in the
"Basal Cretaceous Sandstone® formation. Accordingly, two types of stra-
tification may be deduced: one is commected with physical breaks (diastem),
but without any apparent lithological changes (bedding within sandstones);
and the second is comnected with lithological changes, but without any
apparent physical breaks. The latter corresponds to the gradational con-
tacts between the sandstones and the argillaceous sandstones. Further-
more, low velocity currents may produce thicker accummulation of medium
grain size and the development of massive bedding. The variability of

the role played by the competency of currents is to be emphasised in re-
lation to the gradational development of bedding which are the result

of gradual changes in the velocity of current in the first place, and the
sbrupt changes that caused the partial erosion of the previously deposited
unit, followed subsequently by the deposition of the coarser grains, and
evidenced by the wavy to humocky surface of some bedding planes,

d) The combined effect of competency of current and the rate of
settling of suspended sediment seems to be the major factor in the develop-
ment of stratification in the fine sandstones and clays and shales parti-
cularly, and the coarser sandstones in a more general way. This process
seems to account for most of the thinly bedded to laminated beds in the
"Basal Cretaceous Sandstones* formation. This is because most, if not all,
of the bedding is lithological in character, reflected by variations in
grain size, and clay content which largely determine the degree of cohesive-
ness and extent of lithification and the development of stratification or
bedding, Clays appear as rather sharp units and form distinct boundaries
with the overlying and underlying sandstone units often accompained by
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possible physical breaks as indicated by these sharp contacts. It would,
therefore, seem that each bed reflects the conditions of its depositional
history. Such conditions are certainly stable for each sedimentary unit
(Otto, 1938; Twenhofel, 1953; Weller, 1960; and Allen, 1965), The degree
and uniformity of such conditions is of periodic character as evidenced

by the frequent alternation of different lithological units, like sandstones
and argillaceous sandstones, clays, and carbonates., The thickness of the
beds, however, seemto have no bearing on the rate of sedimentation or on
time; for the dimensions of sedimentary units usually vary with the site

of deposition ( flood plane, river channel, or delta emvironments). This
is coupled with the amount of load, character of composing sediments and
type of supply, (Twenhofel,. 1953), Coarser grained deposits, bigger loads,
concentrated supplies, and favourable conditions for a rapid decrease in
the competency of currents in sites of deposition seem to produce great
variation in dimension and thickness of sedimentary units. Such variations
are mostly controled by the environment of deposition, as each environment
is characterised to a certain degree by some rather fairly definite sedi-
mentary conditions (Weller 1960),

e) Rise or fall in sea level seems to have very slight effect on
the development of stratification as reflected in the "Basal Cretaceous
Sandstone® formation; except in the zones of littoral and shallow water
sediments as evidenced by the subsurface section of Adlomn Nos 1 well.
Each layer could corresponds to a particular horizon in changes of the
level of the sea. A subsequent fall in sea level will give way to the
partial erosion of what was previously deposited by means of waves and

shore currents, Subsequent rise in sea level will lead to the deposition



of a new layer. It seems probable that such fluctuation in sea level if
it occured, was due to regional osscilations or to slight changes in the
waters of the oceans which in effect caused this fluctuations, Tidal
changes, however, appear to be too short to allow such development of
stratifications to take place.

f) Organic activity seems to have played no effective role in the
development of st&atification; there seems to be a complete absence of
any related structures like borrows, casts, reefs etcs

It may be concluded from the above discussion that, the "Basal
Oretacecus Sandstones® were deposited in a fluvialedelatic enviromment,
rather than in a littoral or other transitional enviromment of depositionj
this 18 indicated by the character and areal distiribution of the different
lithologies which occur in, more or less, lens forms of various sizes
and dimensions, and the particular development of stratification within
these lithologies, Littoral enviromments usually show more uniform dis-
tribution of sediments and are of wider areal extent than in fluvial-
deltaic environments (Twenhofel, 1953; Weller, 1960; and Pettijohn, 1957).

3 Crosa-beddinﬁ atructures

Cross-bedding is the second most prominant sedimentary structure
in the "Basal Cretaceous Sandstones", and include the following three
general types:

i, Tabular cross=bedding, (most prominant)
ii, Wedge-type cross-bedding, (of minor occurrence)
iii. Trough-type cross-bedding, (rare)
These types of cross-bedding are illustrated in figure (1) page 5l.
The following is a general description of the cross-bedding as

observed in the field:
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a) Topsets are absent, except in very few exposures where tangen-
tial contacts with overlying units were observed, A uniform surface,
otherwise, separates cross-bedded units. This plane is, generally, hori-
zontal but in some cases it may be inclined up to 15° in the same direc-
tion as the foxesets; occasionally, it is found to dip in an opposite direc-
tion to the foxresets, but this seems to be due to tectonic tilt rather
| than to depositional effects,.

b) Foresets usually have sharp boundaries with both the overlying
and the underlying units, although asymptotic or tangential contacts (more
frequently with lower units than with upper units) were also found; (see
figur (2) page 32). Foresets generally show straight traces that are
taken to be a diagnostic feature of planar tabular cross-bedding; in con-
trast, others show somewhat curved traces which are taken to be indicative
of trough cross-bedding, (Potter and Pettijohn, 1963), After the removal
of tectonic tilt most of foresets dip at between 20° and 30°; few have
dips exceeding 30°, and a very few dips of less than 10°, These results,
as obtained fron each locality, are tabulated in plate (IV) page 3¢.

c) Bottomsets are generally absent, although asymptotic and tan-
gential contacts are sometimes observed; (see figure (2) page 32). A
sharp boundary, therefore, generally separates a cross-bedded unit from
the underlying wmite

d) The thickness of cross-bedded units varies between a maximum
of 100cm to a minimm of 2 to Scm. Usually, cross-bedded units of 10 to
30em thickness are most common, The thickness of the cross~bedding within
cross-bedded units varies between 1 mm and 10 mm; as observed this is

uniform in each cross-bedded unit, but can vary between one unit and another.
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As a rule, thin cross-laminations ;é found in thin cross-bedded units,
and thick cross=laminations iﬁ” thick cross-bedded units; but no quanti-
tative work has been done along this line.

¢) Two distinct grain size distributions were generally observed
within cross-bedding laminations:

i, uniform distribution (see fige. 5 B, p 35)

ii, graded distribution (see figs 3 4, p35)
The former consists of uniformly sorted fine to nedium grain sizes. In
the lsatter, coarse, somtimes pebbly, samd grain distribution grades into
mediun, then into fine grained levels in each successively built cross-
lamination in a repeatedrhythmic pattern,

£) Cross-bedded units have similar colours to the bulk of the
sandstones in the formation. Dark brownish colours are usually associated
with coarser grains in each cross-lamination in a cross-bedded unit; these
gradually grade into lighter brownish colours as the fine grained levels
in the same cross-lamination are reacheds This grading of colours occurs
in a repeated rhythmic pattern in each cross-bedded unit. Sometimes,
however, the reverse takes place, the coarser grains having the lighter
colours, and the finer grains the darker colours.

g) The orientation of the laminations in the cross-bedded units
has been studied statistically at several well scattered localities (see
plate I1). Measurements of dip and azimuth of foresets were taken in
cross-bedded units along each stratigraphic section restricted in some
cases, however, by the number of workable exposures. In each case two
apparent foreset dip directions and the corresponding angle of dip were

measured, and from this the actval direction of foresets and their asso-
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ciated angle of dip wete computedj corrections for tectonic tilt were

carried out whenever this was present, The number of readings taken

at each locality vary between 11 and 30; depending on the variability

of current directions, less readings being required for less variability.

The concentration and density of the localities chosen was governed by

the general variation of current directicns in the overall area comprising central
Lebanon.

Two methods have been applied in the analysis of the data in an:at-
tempt to determine the actual current directions considered responsible for
the formation of the cross-bedding, on the one hand, and the provenance
and source of the sands, on the other hand. These methods are:

1) The first nethod was based upen the construction of rose dia-
grams with 9 azimuth intervals each of 40°, and radial percantage distri-
bution of current directions in each interval, The results of these analyses
are tabulated in plate (V) for each locality. After the removal of tecto-
niec tilt the following results were obtained:

Azimuth Percentage of total readings
0’ -~ 40°N 2%/0
40°-= 80°% 2450
ao"-_-lzo% 5,0%0
120%-=160%4 5.5%/0
1.60°-=200°N 12,5 /0
R0O%~=240%N 16,0%0
240" -~280°N 25.5%0
280"-~520% R245%/0

520%-=260°N 845%0
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It appears, therefore, that there is a general westerly azimuth direc-
tion, with a concentration between 160k and 360°N, or in other words
within a sector of 200°,

i4) The second method of analysis is presented in order to give
both a three dimensional picture of the cross-bedding, and a supplimen-
tation to the rose-diesgram analysiss (see plate (VI) ), After removal
of teetornic tilt the following results were obtained:

ae general westerly concentration of azimuth directions.
be almost 85°/o of the readings lie between azimuths of
160% and 560°N, or in a sector of 200°,

In addition, the individual readings at each locality have been
plotted on a map in order to give, perhaps, a clearer picture of the actual
distribation of current directioms, It shows the general westerly trend
which was arrived at by means of the previous two statistical analyses.
(see plate (VII) )e

Further analysis was carried out based upon the computation of
the sample variance and the standard deviation of scatter at each locality
with respect to the corresponding mean directions at each locality. These
results are found in table (5) page 58.- It appears that both the mode
of the readings(MR) and the vectcr mean of the readings (VMR) are closely
confornable. The variance ranged from a minirmum of 830 to, a maximum of
7900e The standard deviation of scatter ranged between 21° and 62°,

The regional analysis reveals the following results:

i, overall Mode of Readings (MR) is 260°N
ii. - Vector Mean of Readings (VMR) is 255°
iii. " Variance 4573

iv, ®  Standard deviation of scatter (SDS) 2,45°



TABLE Noe (5)

Cross=bedding analysis indicating Mode of Readings (MR), Vector
Mean of Reading (VMR), Varisnce (V), and Standard Daviation of

Scatter (SDS)y at each studied locality

Locality MR MR v DS
Qartaba 300°N 310°N 6200 62°
HErajel 180°N 225°N 6650 50°
Beskinta 300°N 277N 6900 48°
Majdal Tarchich 180°N | 190%W 3750 s8°
Kfar Selouan 200°N | 260 2500 39°
Qoubal 200°N 207°N 2050 45°
Aghmid 140°N 168°N 5650 54°
Maaser E1 Shouf 260°N 266°N 1820 28°
Jezzine 180°N 187°N 7900 55°
lcol of Machgharah 260°N 254°N 875 21°
Zehlta 100°% | 158°N 4400 47°
Beisour 500°y | 282w 1080 25°
Rouncieh 260°N 245°N 5620 43°
Douar 260°8 276°N 1580 29°
Bois de Bolonge 340K 315N 850 23°
Salinra 300°N 295°N 5000 35°
Aintoura 220% | =258 5620 43°
Rouaiset E1 Ballout | 220°N 2068 880 25°
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CROSS-REDDING BIRELTION

LASAL CRETALEOUS SANDSTONES OF CENTRAL LEBANAN
FOSEVAGRAMS
Q}\RTAEA PLATE (V)

16 Observations 28 Observations

BESKINTA MAJDAL TARCHICH

—_—

30 Owservahons 1 Observations

KFAR SELOUAN QOUBAL

l6 Qbservations 15 Observations



#3
(ROSS-BEbbING DIRECTION

BASAL (RETACEOUS SANSSTUNES OF CENTRAL LEBANON
ROSE-DIAGRAMS
PLATE (V) MAASER ALSHOUF

22 Olbservations

(OL OF MACHGHARA

20 Qbservatons

16 Opservahions

ZEHLTA | BEISOIR

WIA%

20 Dbservations 18 Observations
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(ROSS-BEDMING BIRECTION

BASAL CRETALEOUS SANDSTONES OF CENTRAL LEBANON
ROSE-DIAGRAMS

PLATE (V) M

20 Ohser vahons 19 Observations

BAS E BILONGE ‘ SALIMA

16 Obsermtions 24 Observations

ROUANSET ELBALLONT

20 Obseryations 14 Doservarions



QARTABA

16 OBSERYATIONS

VECTOR MEAN OF READINGS 310N

CROSS-BEDBING
BASAL CRETALENUS SANDSTONES OF CENTRAL LEBANON
STEREDGRAPHIC POLE PRUELTION

PLATE (Vi)

HRAJEL

28 OBSERVATIONS

VECTOR M MEAN OF REAMNGS 223N

i
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RESKINTA

30 OBSERVATIONS

VELTOR MEAN OF READINGS 277°N

PLATE (V1)

MAJDAL TARCRICH

)| OBSERVATIONS

VECTOR MEANOF READINGS 190°N
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KFAR- SELOUAN

16 OBSERVATIONS

VECTOR MENW OF READINGS 260N

PLATE (V1)

QOURAI

I5 OBSERVATIONS

VECTOR MEAN OF READINGS 207 N
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AGHMID

19 OBSERVATIONS

VECTIR MEAN OF READINGS 168N

PLATE (VI)

MAASER EL SHOUF

22 DBSERVATIONS

VELTOR MEAN OF READINGS 266 N
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JEZZINE

26 0BSERVATIINS
VECTOR MEAN OF READNGS 187N

PLATE (Vi)

(OL OF MACHGHARK

20 OBSERVATIONS

VECTOR MEAN 0F REAMINGS 260N
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BEISOUR

18 OBSERVATIONS
VECTOR MEAN OF REABINGS 282N

PLATE (Vi)

ZEHLTA

20 0BSERVATIONS
VECTOR MEAN OF READINGS (58N
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ROUMIEH

20 OBSERVATIONS

VECTOR MEAN OF READINGS 245N

PLATE (VI)

BOUAR

19 OBSERVATIONS

VECTOR MEAN OF REMINGS 276 N
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BOIS DE BOLONGE

16 OBSERVATIONS

VECTOR MEAN OF REAMNGES  3I5°N

PLATE (VI)

SALIMA

24 JRSERVATIONS

VECTOR MEAN OF READINGS 295N

.
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AINTOURA

20 OBSERVATIONS

VECTIRY MEAN OF READINGS 258 N

PLATE (V1)

ROUAISET L BALLOUT

14 OBSERVAT 10NS

VECTOR MEM OF READINGS 206N




4, Discussion

The absence of topsets and the truncation of the foresets indi-
cates erosion of the upper parts of each cross-bedded unite Consequently,
uniform surfaces or planes are generally developed., It is probable that
current velocities increased beyond the depositional limit, and started
eroding the previously deposited laminations. This erosiocnal surfaces
could either be contemporaneous with the deposition of the foreset: lami-
nations or post-depositional, i.e. the whole set of cross-lamination being
deposited first and partly eroded later, prior to the deposition of the
next unit. In any case, the velocity changes appear to have been uniform
to enable plane surfaces of erosion to be developed, Subsequently, dec-
rease in current velocities gave rise to the deposition of the overlying bed.

A sharp boundary cccurs between foresets of one cross-bedded unit
and the underlying unit; bottomsets, in other words, are generally absent.
The reason for this 1s not understood. Usually, an asymptotic or tangen-
tial contact between foresets and the underlying layer in cross-bedded
units is present, It has, however, been experimentaly shown that varia-
tions in cuwrrent velocities are reposible for the formation of the different
eross-bedded units, and the general morphological configuration of the
sross~bedding, i.e, the development of tangential contact both with the
overlying and the underlying units. Currents with velocities higher than
54 cm/sec., however, have been shown to produce large 'whale back! ripples
with wave length of about 30 em; although these are asymptotic at their
crests, they abutt abruptly on to the floor of the underlying layer; ex-
ceptionally high velocities might, further, give rise to contradictory
cross-bedding structures, (Boswell in Shrock 1948 page 248). With the



subsequent truncation 6f the upper asymptotic contact layer the cross-
bedding appears to be angular with the overlying and the underlying units.
Potter and Pettijohn (1963) argue that the application of the terms
®topsets®, "foresets", and "bottomsets" to cross-bedding as used in the
deseription of delta structures is rather ambiguous and is of little value,
since such beds do not really exist in cross-bedding; this is especially
8o when an even bedded unit lies between two cross-bedded units. Accor-
dingly, the term "bedding" ‘seems to be more useful as reference to the
main surface of depositions Furthermore, although it is usually accepted
that foresets must be asymptotic with toth overlying and underlying units,
non-tangential foresets are observed with equal frequency, (Potter and
Pettijohn, 1963).

The thickness of cross~bedded units is a function of both the amount
of sediment supply and pericdicity in current velocity; thick units are
associated with bigger loads and longer periods, and thinner units with
smaller loads and shorter periods. Similarly the thickness of the cross-
laminations within a cross-bedded unit is a function of the thickness of
the cross-bedded unit, since thin cross-laminations are always assoclated
with thinner cross-bedded units, and thicker cross-laminations with thicker
cross-bedded units. But there is no guantitative data by uhigl?)detemine
whether this relationship is linear or pa.rabolic- in behaviour,

The phenomenon of grading in cross-bedding has a direct bearing on:

a) changes in current velocities
b) grain size and shape,
The coarser and more angular grains are oloagly associated with higher curé

rent velocities, As it is rhythmic in pattern, grading is more likely
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caused by periocdic surges in current velocities. The changes in current
velocities could be caused by seasonal fluctuations of water supply which
in turn controle the amount of load that can be carried.

The colours of cross-laminations in cross-bedded units are of a
secondary nature since original colours of sediments are usualy not pre-
served due to the diagenetic changes they undergo in the sites of deposition
(Twenhofel, 1555). However, colours are somtimes valuable in establishing
the enviromment of deposition and the paleogeography of a certain area;
darker blackish colours are associated with anaerobic or rather stagnant
waters, red colours with desert areas, and with oxidation in the zones of
weathering, (Twenhofel, 1953; Weller, 1960). The cross-laminations have
the same gradations in colour as previously discussed, with the association
of darker colours with some zones and lipghter colours with others; this
association seems to have no relation to grain size since both coarse as
well as fine grains show altermating dark and light brownish colours.
Hewever, this soning in colour distribution could be due to seasonal gra-
ding of iron enrichment, as some beds show heamatitic (darker colours)
grading upwards into limonite (lighter coloms).

Although currents (wind, water, and possibly wave-action) are con-
sidered to be the cause of the formation of cross-bedding (Twenhofel, 1953;
Schrock, 1948; Pettijohn, 1957; Lahee, 1959; Weller, 1960; Petter and
Pettijohn, 1963; and Allen, 1965),a genetic relationship with environment
is not well established, because of the great similarity of the morpholo-
glcal characters in nearly all environments. Generally, aeolian cross-
bedding is marked by great irregularity of the units and their frequent
truncation by later units. This is due to the variability of wind directions
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and to the continueous migration of dunes, (Lahee, 1959; Weller, 1960;).
But this variability alone is not clear evidence of an aeolian origin
since such variations in cross-bedding are also frequently encountered

in flurial-deltaic and, in some cases, marine environments, Furthermore,
the dips of the foresets seem to have no genetic relationship to the en=-
vironment of deposition; this is due to the fact that in all environments
the foresets dip at angles from 10° to nearly 40°, depending on the grain
size and the competency of the currents in the water environments, and

on wind velocity in aeolian enviromments, Whether or not the contacts
between cross-bedded units are diagnostic of the enviromment of deposition
 is still uncertain, Thus the geometry or morphology of the cross-bedded
units seens to be too weak a character to be considered as criterion of
the envirorment of deposition, (Pelletier, 1958; Frank, 1959; Pryon, 1960;
and Potter and Pettijohn, 1963 in Potter and Pettijohn, 1963).

The ciegree of variability of current directions remains to be con-
sidered in an attempt to establish a possible genetic relationship between
this aspect and the environment of deposition. It has been suggested that
in most stream: sediments cross-bedding lies with a sector 90° to 120°,
and in delta and littoral sediments it is often more variable, usually
lying within a 180° to 220° sector, (Junst, 1938 in Potter and Pettijohn,
1963)e Others have come to the conclusion that the standard deviations
of aeolian cross-bedding differed very little from those of deltaic and
fluvial sediments, (Pelletier, 1958 in Potter, Pettijohn, 1963), Moreover,
regional variability of cross-bedding has been suggested to be greater in
marine environments than in deltaic fluvial sedimentary environments, and
that sands considered to be aeolian have variability comparable to that of



nany deltaic and fluvial sands (Potter and Pettijohn, 1963)

Tt has been shown that the variance and the standard deviation
of scatter in the "Basal Cretaceous Sandstones™ ranged between 830 and
7900, and 21° and 62°, respectively. Comparing these results with those
of sandstones which are considered to be of fluvial-deltaic environment,
a close similarity can be observed, except that a lower standard deviation
is encountered, This difference in standard deviation could be due to
variability in the course of streams and corresponding gradiant; this is
found in modern streams where the standard deviation varied between 20°
and 83°, (Hamblin, 1958 in Potter and Pettijohn, 1968).

A1l these data and results add up to the consideration that the
cross-bedding structures are formed by fluvial currents in a fluvial=

deltaic environment of deposition.



Thickness and Facies Variation

‘I. General

This chapter deals with both thickness and facies variation in
the "Basal Cretaceous Sandstones® of Lebanon in particular, and of the
Levant (Lebanon, Syria, Jordon, and Palestine) in a more general mamner.
The study in Lebanon is based upon personal field observations embodied
in the measurement of stratigraphic sections at well scattered localities
(see table (2) page 12) and is supplemented by additional data obtained
from different sources (see table (3) page 14); the regional study outside
Lebanon, however, is based on data collected from the literature on Pales-
tine, Jordon, and Syria (see table (4) page 15), and correlated to the
Lebanon observations.

The first part deals with thickness variation both in Lebanon
(in detail) and in the Levant region (in a more general way), while the
second part deals with facies variation of the same areas, The final part
discusses the causes contributing to the thickness variation and facies
distribution during "Basal Cretaceous Sandstone™ times, the environment
of deposition of these sandstones in the Lebanon, and the medium of trans-
portation and the provenance and origin of these sandstones as implied
by thickness and facies variation.

Before going into the regional facies changes of the "Basal Cre-
taceous Sandstones™ formation, it would not be out of place to stress the
importance of clarifying the relationship between sedimentation on the
one hand and geologic time on the other, The mode of sedimentation and
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type of sediment often transgress time boundaries. Many factors controle
the distribution of facies; among these are time (in relation to vertical
variation of facies), space (in relation to lateral variation of facies),
and environmental conditions (in relation to type of sediments), The
word facies, accordingly reflects the relationship between lithology, en-
viromment, and geologic time; i.es lithofacies and lithostratigraphic
divisions. The lithologic charactersof facies correlation, therefore,
can be considered (1) without regard to their relations to each other,
(2) as variation in vertical sequence, and (3) as lateral variation. The
word facies is, therefore, used here in reference to rock units that are
independant of the rigid time boundaries, It is applied broadly to the
formations regionally described and discussed as "Basal Cretaceous Sand-
stones® (Lebanon), "Hathira Sandstone Formation" (Jordon and Palestine).
*Cherrife Shale Formation® (Syria), (L.S.I., vols III, fascicule 10 cl
and c2), all of which exhibit regional facies affinities but whose lower
and upper limits transgress rigid time boundaries. In the main they are
regarded as being of Basal Cretaceous (s,l.) age but undoubtedly are in
part of Upper Jurassic and higher Lower Cretaceous ages in some regions,

2+ Thickness Variation

a) Lebanon
The variation in thicknesses of the "Basal Cretaceous Sandstones™
in Lebanon has been determined by:
i. the measurement of several stratigraphic sections in the field.
i1, the computation of additional thicknesses from 1/50000 geologic
maps in areas where outcrops were poor but thickness data
were considered useful.



iii, literature.

In central Lebanon the broad trends of thickness variations are
best observed along ridge exposures. It is found that:

ie The "™Basal Cretaceous Sandstones™ die out towards the north
where only about § to 10 meters occur in the locality of Sir ed Danyieand
Becharre, (Dubertret, 1951, see plate VIIT and IX).

ii, There are areas of relatively large thicknessess, located
along the axis of Mount Lebanon, (Beskinta, 240m; Qoubai, 259m; Kfar Niss,
250m; and Jezzine 388m); see plate VIII and IX.

iii. The formation thins in an easterly direction; in the Anti-
Lebanon its thickness varies from 50m to 150m, in southeast Lebanon at
Mount Hermon the measured thickness is 125m (Dubertret, 1948, 1956); in
the southeast part of Mount Lebanon at Mimms the measured thickness is
120m (Renouard, 1955),.

iv, The formation thins and probably disappears in a westerly
direction as is partly indiea.tad'by the smaller thicknesses along the
exposures of the westerly flanks of Mount Lebanon (Jouret el-Tormos, 86m;
Qattin, 89m; Aintoura, 85m; and Beit Mery, 150m) as shown on plate VIIT
and IX; but this requires further supplemantation and has to await possi-
ble future offshore drilling to show if the formation is absent seawards,

Ve In south Lebanon the behaviomr of thickness variation is not
very clear; but it seems that there is a southerly thinning, as well as
& westerly wedging and interfingering with more marine sediments as revealed
by the staratigraphic section in the exploration well Adloun Nos 1 (170m).

Conpiling all these data a reasonably representative isopach map
can be constructed which shows these gemeral trands of variation, (plate IX).



Thickness variation also occurs within the members of the "Basal
Cretaceous Sandstone® formation. Sandstones, as shown on page 20,
thin in two directions within its outerop area, reacbi:g about two hundred
meters in some cases, Often these sandstones show undulations in thick=-
ness within relatively short distances of the order of 50 meters; in a
few cases they are found to vary within 10m. But such variation over short
distances seems not to be as pronounced as is the case with longer dis-
tances, The argillaceous sandstones generally follow the same trend as
that of the sandstomes; although in some cases they are found to merge
into sandstones and vice versa, Sometimes, however, these argillaceous
sandstones show abrupt wedging within very short distances of not more
than 5 to 10 meters, Clays are found to occur mainly in lenticular form;
they usually wedge out within very short lateral intervals, in many cases
this distance being not more than 30 to 40 meters but intervals of as little
as 10 meters are not uncommon., These clays are found,nearly always, to
occur between sandstones, although sometimes they are interbedded with
argillaceous sandstones, In many outerops a clay member with a thickness
of nearly 50cm was found to gradually thin out, and then to completely
disappear within a distance of 20 to 30 meters.

Lignites, are sometimes present, totalling no more than around 6 m
in thickness, and they are found to be interbedded with white pale yellowish
brown poorly consclidated sandstones. These lignites are lenticular in
form, and consequently were found to wedge out within rather short dis-
tances, usually not more than 20 meters; although relatively longer out-
crops of the order of hundreds of meters were observed pariicularly south

of Jezzine on the way to Haitoura; here a thickness of nearly § to 10 meters
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of lignites were found to extend over a distance of about 150 meters.
Volcanic material in the form of basalts and ashes together with chocolate
coloured clays formed from the alteraticn of these rocks are of sporadie
occurrence and add some 20 meters to the thickness of the sedimentary suc-
cesgion in different localities (Beskinta, Qoubai, and south of Jezzine
nesy Zehlta);

bs The Levant

The equivalent of the "Basal Cretaceous Sandstone™ formation in
north Palestine is not exposed, except in some quaries in the Qlryat Shemcna
area near the Lebanese border, Subsurface data either are not available
or if published are very generalised; thus there is a difficulty in relat-
ing variations in Lebanon to those in Palestine and Jordon., A subsurface
borehole at Qiryat Shemona shows a thickness of 180 meters of clastics
that are considered 'to be equivalent to the ™Basal Cretaceous Sandstones®
of the Lebanon (Karcz, 1965), This, may indicate very roughly, the south-
erly thining of the formation from Jezzine (in the Lebanon) down to Qiryat
Shemena (in north Palestine). Further -c!ata supplements this trend cof thin-
ning from Lebanon to north Palestine; the subsurface thickness as obtained
from a borehole at Debora near lake Tibarise is about 100 meters, while
in the borehall at Ashier, east of Haifa, the thickness is' only 30 meters.

In central and south Palestine, as well as in east Jordon, the
variations in thickness are rather similar to those in the Lebanon. The
"Hathira Sandstone Formation", which is taken as the equivalent of the
"Basal Cretaceous Sandstones™ in the Lebanon wedges out towards the west,
where it interfingers with marine sediments of Lower Cretaceous age; in
addition it thins eastwards and southwards. There is southerly relative



thinning as evidenced by the measured sections of the "Hathira Sandstone
Formation® at Nahr az-Zarqa (214m), Zarqe Ma'in (234m), ed Dhira (167m),
(Wetzel and Morton,1959), Wadi Musa near Petra (97m), Nagab Ashtar (71m)
(Mesr and Morton, 1946, 1947, in L.S.I. vol, ITI, fascicule 10 ¢ 1)4 Re-
latively large thicknesses are encountered at Makhtesh Hathira (450m) ,
Makhtesh Hastera (313m), end in the subsurface wells at Messada Nos 1 (402m) ,
Johar No, 1 (406m), (Benter and Vroman, in L.S«I. vol. III fascicule 10 c 2);
and Rammallah Noe 1 (310m) Safra  Noa 1 (300m), (Bender, 1961)s It appears
that these large thicknesses are found along three concurrent directions
centered at Makhtesh Hathira, Rammallah Ne. 1, and Safra No. 1, roughly

at 120° to each other, (see plate X). Thickresses, accordingly, decrease
away from these three lines in a divergent manner. According to the avail-
ible data this thinning is rather sharp on the western parts of the Ramallah
and Makhtesh Hathira structures. Eastward, however, the thinning is more
wniform, particularly in the area south of Amman.

Compiling all these data for Jordon, Palestine and Lebanon a general
representatative isopach map has been constructed to help show the general
picture of the thickness variation of the ®Basal Cretaceous Sandstones"
formation and its equivalents"Hathira Formation Sandstones", this is shown
on plate (X)a

5+ Facies Variation

a. Lebanon

There are considerable local vertical and lateral variations in
lithology of the "Basal Cretaceous Sandstones" in Lebanon. In most cases
these do not show any evident pattern; close emamination of the stratigra-
phic sections does, however, show simple rhythmic alternation of sandstones
and argillaceous sandstones that are in;tarbeddod with lenses of clays and
ghales and lignites. .



The sandstones constitute the bulk of the lithologies in all the
studied stratigraphic sections, but are more predominant in some locali-
ties than in others. Relativly strong thicknesses of sandstones are found
in the Qartaba (88°/0), Jouret el-Tormos (80°/0), Qattin (83°/0), Aintoura
(84°/0), and el-Mansourieh (78%/0) » localities in the nothern parts of
Central Lebanon., ©Similar abundance is encountered along the strip of out-
crops running from the Col of Machghara in the south up.to el=-Barouk
northwards; at the Col of Machghara this is 70°/o, The axial zone of Mount
Lebanon, however, shows a relative decrease in the overall thickness and
content of sendstones; from 38%/c at Qartaba,it is 85%/6 at Beskinta,
56°/0 at Majdal Tarchich, 58°/o Qoubai, 55°/0 at Aghmid and 46%/o at Jezzine.
There is a corresponding increase in the content of argillaceous sandstones
and clays in that orders. Lignites and carbonaceous materials vary in
content, it is about a maximum of 8%/0 at - Qeubai; in the areas south
of Jezzine greater thickne sses where observed, but no statistacal data
collection was carried cut; the percentages of the different lithologies
to the total section are shown in table (8)page 66,

Vertical variations at each studied stratigraphic section exhibit
lack of any definite repeated cyclic sedimantation pattern; they show,
however, simple altternation of sandstones interbedded with argillaceous
sandstones, and wi-th some lenses of clays, shales and lignites. No evident
decreaseor increase in the sandstone content within each section is apparent
in the vertical succession.

Most of the stratigraphic sections show no traces of limestones
or marle, except for very slightly limey sandstones at the lower contact
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TABLE No.(6)
Percentage occurence of the different Lithologies
in terms of total Thickness at each Studied Stra-

tigraphic section

Locality 18:%/0 | KSaSefo | €.8.°/0| L.0.%0 | L.8.%0| M.
Qartaba 88 10 2 - - -
Beskinta 65 ‘23 10 Q - -
Majdal Tarchich | 56 20 18 6 - -
Qoubal 58 32 7 , 8 - -
Aghnid 55 36 6 3 - -
Jezzine 46 a2 17 3 1 1
Col of Machgharah 70 12 18 - - -
Jouret el Tomoal 80 16 2 2 - -
Qattin 83 10 5 2 - -
Aintoura 82 11 5 2 - -
Al-Mansourieh 78 15 8 - 1 -
SeS.%/0 : Sandstone

A.S.8. = Aggillaceous Sandstons

CeSa t+ Clay and Shale

LaCs : Lignites and C&bomwm Materisl

L.S, ¢ Limestone

Mo : Marls
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of the "Basal Cretaceous Sandstone® formation with the Upper Jurassic
carbonates (e.ge Beskinta locality, see plate XXI and appendix V page89 ),
and the upper contacts with the Aptian sandy limestones (e.ge Beskinta and
Jezzine localities; plates XXI, XXV and appendix V and IX pps 89, (0l , res=
pectively). In the Jezzine neighbourhood the lowest 200 meters approximately
are completely devoid of limestones, and only one meter thick bed of limey,
slightly fossiliferous swfdstone occurs at the 220 m level from the bottom
of the section} whereas the upper 200 meters contain some thin beds (less
than one meter thick) of sandy, fossiliferous limestones, and sandy marls
especially at the very top towards the contact with the limestones of the
Aptian "Falaise de Blanche", All other examined sections consist of an
alternation of sandstones and argillaceous sandstones, with lenses of clays
and lignites. Occasionally there is a sporadic occurrence of volcanics (ba-
salts, tuffs, and choclate clays) within the formation; these were observed
in the Beskinta (2Cm), and Qoubai (18m) areas, and south of Jezzine; at
the first twe localities these volcamics are found towards the bottom,
while in the latter they are found towards the top.

The subsurface section of the exploration well Adloun No, 1, shows
a marine sedimentary sequence of limestones and marls, interbedded with
subordinate marine sandstones and clays. The thicknesses of these limestones
vary between 5 and 19 meters and they appear tc be massive in character,
but no detailed description of the btedding is available, A dolomite bed
occurs towards the middle of the section, No definite pattern of sedimen-
tation is recognized in this sectiom. '

The "Basal Cretaceous Sandstones" laterally vary rapidly in details
of lithology, that no particular bed can be followed for an appreciable
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distance, and gemerally only for very short distances; this is on the

whole a few tens of meters in the case of clays and lignites, and slightly
Longer distances of the order of 60m to 70m in the case of argillaceous
sandstones, and longer distances of more than two hundred meters in the

zases of sandstones, Changes in the colours of these lithologies, parti-
calarly the sandstones, make correlation of one member with another very
defficult, and in many cases, virtually impossible. Grain sizes are variable
and no definite pattern of variation, either vertically or laterally, is
observed in the field; the average grain size is however genarally of the
medium orders

There is lateral variation in the degree of consolidation and in-
duration of the sandstones; a hard thick bed, (2 meters in thickness) for
instance, will often suddenly give way to a very soft bed; but some very
hard massive sandstone beds could establish local stratigraphic levels.
Clay members separating two sandstone members are often lenticular and
can not be relied upon even as local markers, With such extensive variation
definite correlation is virtually impossible.

Accordingly, two broad facies can be recognised in the “Basal
Cretaceous gandstonea" of Lebanon, namely (I) a non-marine to transitional,
deltaic, or terrestrial fluvial facies, consisting of sandstones, with
argillaceous sandstones, clays, shales, lignites, amber, and occassionally
volecanic material; and (2) a marine facies consisting of limestones, marls,
clays, shales, and sandstones, The former appears to cover most of Lebanon,
and the latter appears to extend in the southwest areas of the Lebanon.
These two facies appear to interfinger with each other, as is partly indi-
cated by the subsurface section in North Palestine, immediately adjoining
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Lebanon at the Qirayat Shemona borehole (Karez, 1965) which shows a sequence
that resembles that of the Adloun subsurface section, and partly by the
lesser content of sandstone in the neighbourhood of Jezzine, and the occur-
ences of sandy limestones within the sandstones at Jezzine; all these
indicate a shifting of the s-trand line, and the interfingering of these

two facies,

b, The Levant

The "Bzsal Cretaceous Sandstones"™ are attributed to the 'Neocomian!
in most parts of the Lebanon, where they generally overly the Upper Jura=
ssic carbonates (Portlandian, and Kimmeridgian), and generally underly the
Aptian linestonesrahales and sands; in the south, however, the upper parts
probably includes the Aptian (Dubertret, 1955)s This dating is, however,
rather loose since fossils are generally absent, It would therefore be
more appropriate to consider the whole formation in the Lebanon as Basal
Cretaceous in age. See plate XI.

The equivalent of the "Basal Cretaceous Sandstone" formation in
Palestine is the "Furnub Sandstone™, and in Jordon it is the "Hathira
Sandstone Formation"; these two formations are stratigraphically equivalent,
Since the word 'Kurnub! has also been used for some Tertiary formation
(see 145,I, vol, III, fascicule 10, ¢ 1 and 2), the "Hathira Sandstone For-
mation® will be used in this text to refer to the Lower Cretaceous of both
Palestine and Jordon, These two formations are taken to be of Upper Jurassic
to Lower Cretaceons age, This loose dating is due to the lack of diagnostic
fossils, except for some plant remains which were dated as Lower Cretaceous
(Edwards, 1929 in Blake 1950 in L.SeI. vols III, fascicule 10 ¢ 1). See
plate XI forfegional correlation of these Lower Cretaceous sandstones.
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The deposition of similar sands started in the Cambrian in Jordon and South
Palestine (Quweira Sandstone and Conglomerate, Qunaya Sandstone, etc,)

and intermittently continued through the Paleozoic (RmmSandstone, Umm Sahm
Sandstone, Raman Group), ending in the Lower Cretaceous by the Albian
(Hathira Sandstone Formation, Kurnub Sandstone, Basal Cretaceous Sandstones)
when it was followed by the widespread marine transgression of the Cenomanian
(Judea Limestone, Cenomanian L:lnestonesk see plate XIII, In north Palestine
and Lebanon sand deposition may have started in the Uppermost Jurassic

(post Portlandian?) or Lower Cretaceous (pre-Aptian) and ended up with the
'Aptian' ingression of the sea,

The "Basal Cretaceous Sandstones", "Kurnub Sandstone" and the
"Hathira Sandstone Formation™ are so similar in overall lithelogy that they
constitute a major facies unit. In some areas this is continental-terres-
trial ( East and South Jordon) but it becomes progressively more marine in
a westerly direction going into west Palestine and southwest Lebanon; the
rest of the Iebanon appears te fall in the transitional, deltaic, to fluvial-
terrestrial environment,

A good section of this group of sandstones in Jordon is found at
Khuneizer, § kilometers wouth of Nahr az Zarqa, where a total thickness
of 214 meters occurs, the lower parts are mainly variegated sandstones,
interbedded with relatively thinly bedded sandy marls and shales, and marly
shales sands; the middle is mainly sandstones, interbedded with marls and
limestones; the upper part consists of limestones, calcareous sandstones
and marls, including a yellow marly limestone with lamellibranches and
gastropods, and thin layers of gypseous shales, FPlant remains from the
Nahr asz Zarqa section indicate a Cretaceous age (Edwards, 1929 in Blake,



19393 in L.S.I. vole III, fascicule 10 ¢ 1); Knemiceras, sp. whenever

found indicates more precisely an Albian age, particularly for the upper
zones of the "Hathira Sandsiones Formation."

In East Jordon the [ormation is mainly of continental deposition
as indicated by (I) torrential cross-bedding (considered to originate under
warm tropical conditions of heavy concentrated rainfall, and playa lake
deposition (Lahee, 1959), (2) plant remains (fresh water) indicate lacus-
trine depositional environment and (3) some lateritic soil profiles which
are taken to have developed under humid tropical to subtropical climates,.
In East Palestine, however, the formation has more of a transitional and
marine character; this is observed in Wadi Faria near Nablus, where an
intercalation of sandy limestones, sometimes oollitic and of established
Albien age, occur. Below this succession there are basalt flows and ashes,
which may correspond to either the Aptian or pre-Aptian valcanicity in the
Lebanon; but the base of the section is not exposed, (Blake, 1936, in L.S.I.,
vole IIIm fascicule 10 ¢ 1 and 23 Blake and Goldschmidt, 1947), Although
this volcanic activity occured during phases of sedimentation of the
"Hathira Sandstones Formation™ in the Neqeb (South Palestine), in Wadi
Faria (North Palestine), and some parts of the Lebancn, none has been proved
in Jordon,

In the southeast of the Negeb (Palestine) the "Hathira Sandstone
Formation® is mainly continemtal and possibly deltaic in origin, similar
to the deposits of Jordon. Near the Gulf of Aqaba (Wadi Tima, and Wadi
Manieiah) the formation is completély continental. A clear dividing line
(strand line) between the comtinental and marine environment is rather well
established between the more easterly locaiity of Makhtesh Hastera and the
more westerly locality of Makhtesh Hathira; the former shows continental
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deposits, and the latter marine deposits. The continantal deposition in
the area of Makhtesh Hastera is supported by (I) dark coloured, cellular
limonite, with fingers of gypsum ("Limonite La‘_rpr"), (2) a sequence of
rhythmic sediments which consists of black limonitic sandstones white silts,
and kaolinitic clays, and some plant remains which indicate fresh water
origin, ("Black Questa"), The marine deposits of the Makhtesh Hathira
area, on the other hand, are supported by (I) a littoral sequence of sandy
layers of haematite, limonite, and yellow marls which contain some Lower
Cretaceous foraminifera ('First Iron Crust'), (2) a well bedded sequence
composed of batryoidal ¢lay ironstone, sandy concretionary limonite, and
hasmatitic limonitic and argillacepua sandstones, and sandy clays, contain-

ing marine fossils, namely Protocardia judacia of Lower Cretaceous age,

(LeSeIs vole IIT, fascicule 10 c 1),

Further west in Palestine more marine sediments are encountered
in the subsurface sections at Halutsa No, 1, Beer Sheba No, 1 (Aharoni 1964),
and Ramallah No. 1, Halhul No, 1 .(Bemiar,. 1561), and Zohar No, 1, Massada
Nos 1 (Aharoni 1964), coneisting of sands, marls and limestones; and along
the costal plain south of Haifa and north of Jaffa, a pelagic sedimentary
sequence is encountered in the subsurface well Gan Yavnne Nos, 1 (Aharoni
1964, Picard 1959), consisting of limestones and dolomites,

Accordingly, different facies were recognised by Picard (19859);
These are: (1) Limey pelagic Carmel facies,

() Sandy-marly-limey shelf Shephela facies, (this turns to
pelagic in the Albian) ’

(2) Rather marly Gallilean facies, (this is less sandy and less
limy, littoral shelf facies of Gallilee, and becomes more
pelagic in the Albian)

(4) Sandy semi-marine Neqeb facies; (this is sandy, less marly
and less limy, ~marine, facies of the Northern Negeb;
a littoral greensand subfaciescharacterizes the Albian)



(5) Continental Jordon facies (this is particularlty sandy,
and is found in Jordon and the southernmost Negeb in
Palestine; and appears to be present in the lower pre-iptian
section of eastern Oallilee mnd eastern Samaria)e -
The extents of these facies are showm on the lithofacies map,
(plate XIV).
4, Discusgion,.
Towards the close of the Jurassic peried differential uplift took
place over much of the Levant (Henson 1951; Picard and Eliezri, 1964),
EBrosion was contemporaneous at least in part, with further erustal dis-
turbances, faulting, and locally, (e.g« Lebanon parts of Palestine) with
vulcaricitys. Local downwarping gave rise to an undulating but generally
peneplained surfaces by the advent of the ™asal Cretaceous™, The axial
or central zones of such downwarpings within this peneplained surface
would be favourable for thickest accumdations of sediments,
In order toattempt to delineate such possible basins of deposition,
an isopachyte map was constructed, using all the available data, This
map (plate X) does not show any overall axial basinal trend but indicates a .
sonewvhat irregular pattern of thickness distribution with two areas of thick
accumlation indiceted by the closure of the isopachytes in the locality
of Jezzine in Lebanon (588m) and Makhtesh Hathira in Palestine (480m), It
would therefore appear that the thickness wariation of the WBasal Cre-
taceous Sandstones" and their equivalents’in the Levant region are con~
troled more by irregularities in the depositionsl surface rather than be
pronounced reglional basin developement; downwarpings, or subsidence on a
local scale are suggested however by the focii of thicker accumilation,
but these appear to have been shortlived and gave way to a more uniform,
wider, and shallower depression dominating the Levant. Thicknesses
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decreass outward from the line connecting Jezzine and Makhtesh Hathira,
and become more uniform in their afeal extent over the rest of the Levant,
Subsidence is a major factor in providing space for sites of de-
position while the rate of sedimentation controles how much the provided
space is filled. The close relationship between subsidence and sedimen-
tation swface is to be emphasised. As the Sandstones in the Levant show
either continental evironment(ﬁaat Jordon), or transitional possibly del-
taie, or lagoonal, and partly fluvial (West Jordon, East Palestine, and
most, of Labanon), or, in some cases, shallow water marine environments
(Northwest Palestine, Southwest Lebanon, the rate of sedimentation would
have compensated for that of subsidence; except for the marine ingres-
sions when the rate of subsidence temporarelly was greater than that of
sedimentation, This gave rise to the interfingering of facies as indicated
in West Jordon and Palestine by interfingering of sandstones with marly,
limestores and dolomites facies, as shown on plate XI; the same appears
to be the case in south west Lebanon (see plate XI), Climatie changes
are not of less importance in regard to thickness and facies variation,
These controle both the transporting medium and the type of sediment to be
carried and eventually depoeited, and also the developement of weathering
and erosion mechanisms producing the meterial that is later carried by
steans ard rivers to sites of deposition, The courses of the streams
themselves, the size of the deltasj-the presence of lagoons, or shelf
marine environments are all influenced., A marked climatic change can
greatly and w:lthin a short period alter the relationship of source and
depositional sreas, For example a desert type climate existing in the
rigion in pre-Crataceous times probably may have been responsible for a



75

wide distribution of desert sand on the adjoining land. This became a

realy pray to remcval and redeposition when the climate became wet during
the Basal Cretaceous, The source of the sands, thus need not have been

far and c¢ould even have been partly local, Transportation of source material
by a good drainage system from much further a field is not rejected but

it need not be regarded as necessary,

The foregoing factors of sedinmentation seem to explain the regional
lateral and vertical variations in thickness and facies, and the areal
distribution of the "Basal Cretaceous Sandstones"™ in Lebanon and their
equivalent in the Lebant, Local wariations however, appear to be due to
the type of environment of deposition itself,

Such variations suggests, a more or less, fluvial-deltaic environment
of deposition for the "Basal Cretaceous Sandstones™ formation in most of
Central lebanon, this environment being in contact with an open sea (the
Tethys) with the shore line located somewhere between the Jezzine and
Adloun localities, running roughly NW-SE, see plate X V, The shore line
was not stationary during "Basal Cretaceous" times, as indicated by the
interfingering of fluvial and contimental clastic sediments with carbonates,
and marine clays shales and sandstomes, both in Lebanon and the Levant.,

Further south, more contintal sediments are encountered going east~
wards from Palestine to Jordon, with a probable transitional zone between
the of Makhtesh Hathira and Makhtesh Hastera localities running NE and
then swinging N and then NW into Lebanon, see plate XIV,



Paleogeography

The following major paleogeographic divisions seem to have existed
during "Basal Cretaceous™ times, as revealed by both the regional distri-
bution of facies, and the local vertical and lateral variations in lith-
clogies within main facies units:

a, marine environment (shallow water, continental shelf)

b, transitional, littoral environment

¢ce deltaic-fluvial environment

d. continental environment (rivers, playas, and huge sands bodies)
These are disposed on the general regional palecgeographic map, (plate XV ).

The strand line (shore line), however, was not stationary as evi-
denced by the interfingering and overlap of the different facies (pp. 69.74)-
Most of the sediments in the marine environment, reflect shelf conditions
where depths of water probably did not exceed 200m at the most, The 1it-
toral zone seems to have had variable areal extents contrclled by the
changing position of the strand line; at some places it was wide in extent
in the southeast Neqeb in Palestine, This gradually disappears in a north
wedt direction into northern Palestine and Lebanon, This environment seems
to disappear along the Dead sea area where continental deposits are appa~-
rently in direct contact with the shallow marine sediments (Picard, 1969).
Generally however, wide beaches and broad shore areas were probably com-
mon during "Basgl Cretaceous" times in different parts of the Levant,

In Lebanon slight beach deposits were encountered in the sedimentary suc-
cessions near Jezzine (pp. 67,68 ), but no evident littoral sediments
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were recognised in the northern parts of Palestine and Jordon, and the
southern parts of Labanon: (pp 68,69 ); a shallow water marine zone seems
more likely to have existed here as evidenced by some shallow water (about
10m depth) marine ssdiments in the subsurface section Qirayat Shemona
Nos 1 (Karez 1985), and Wadi Faria near Nablus, (pp7|,72 ), and Adloun
Nos 1 (ppe 67,68).

The deltaic—7luvial environment in Lebanon appears to have been
in direet contact with the sea, possibly with local very narrow strips
of beach and no littoral zone in the southwest part between the Jezzine
and Adlown localities (pps 68,69 )s To the east in Syria this deltaic-
fluvial environment is in contect with a littoral and neritic zone of
the sea ss evidenced by the wide uniform areal distribution to the east
of the "Cherrefe Shele Formation® (L.S.I. vol. TII, Fascicule 10 C 1, p

In most of Jordon, continental and terrestrial environments seem
to heve been more predominant, with the possible prevallance of lakes,
playas, and diverse river systems.

The extensive drainage systems appear <o have played the major
role in the transportation and subsequent distribution and deposition
of the "3asal Cretaceous sandstones® in the Levant, particularly with
the transitional ard deltaic, and continantal environment; offshore cur-
rents took over distridbution in the case of the littoral and marine envir-
onments. These river and strean networks appear to have reached maturity
stage with the advent of ™Basal Cretaceous™ times as evidenced by the
absence of conglomerates in the lower contact with the underlying Jurassic
sediments, and the prevallance of level peneplained surfaces, (p73 )

The rivers mist have had the energy and power to transport huge amounts
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of sands of variable grain sizes along variable but probably often long
distances; this indicates in part that the volume of water was consider-
abls to allow for the great capacity. Deposition occured, however, when-
ever the equillibrium between the transporting power and the amount of
load was disturbed, either by a decreas in the volume of water or by the
increase in the amount of load, (1.2, this was dependent on the variability
in the competency of the rivers).

This elimate accordingly, was wet with heavy concentrated seasonal
rainfall; this in turn controled the capacity and transporting power of
the rivers and streams in carrying ssdiments and finally depositing thems
Such heavy concentrated rainfall, certainly, caused seasonal flooding of
rivers, and consequently it must have also given rise to the development '
of flocd plains and meander fillings, in addition to channel fillings,
ag is the case in some parts of Jordon, and the Lebanon. The climate was
also, warm, as evidenced by the presence of laterites within the sandstone
sedimentary succession in Jordon, and lateritic alteration of basalts in
Lebtanon, as well as by the existence of some gypseous shales in Jordon
indicative of gquite strong evaporatiom. A tropical climate, therefore,
seems to have, prevailed, and this is born out in part by the existence
of lignites, particularly in the Lebanen,

The initial source area or provenance of the "Basal Cretaceous
Sandstones™, most probably, was located somewhere south%ordon, or in other
words with in the present Arabian fhield, Two possibilities regarding the
parent material can be considereds one is that of a disintigrating a
solid rock, and the second an original sand sheet bodys The former could

have been an upland of granitic rocks which under the action of physical
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and more predominant chemical weathering have disintigrated into quartz,
feldspars and other mineral fragments which were later carried and trans-
ported by rivers to the present sites in which they are found. The second
alternative, however, suggesdlsthat there could have been a great sand body
(dunes and sand sheets), much nearer and even adjoining, like the present
Great Nufud sand body in northern Saudi Arabia, which as a result of the
change of climates, from dry into wet and accompanying development of
wide strong drainage systems, was easy pray to water transportation which
carried the sands from these great sand bodies to Jorden and Lebanon,
More evidence is needed, however, regarding regional grain size analysis,
grain shape and roundness, and degree of frosting, in addition to heavy
mineral analysis and regional cross-bedding studies before cne can come
to a definite conclusion about the source area of the “Basal Cretaceous

Sandstones"; this merits further future work.



Conclusions

The following conclusions can be reached from the foregoing
observations and interpretationss

1, The ™3asal Cretaceous Sandstone® formation, in mest mrts
of the Lebanon, was deposited in a fluvial-deltaic environment, as re-
vealed by the etratification, and cross-bedding, studies together with
measurements, of local vertical amd lateral variation in thicknesses
and lithologies; the southwest part of the country, however, is charac-
terized by more marine conditions, as revealad by the overall changes
in facies in the Adloun No, 1 wells

Palestine, on the other hand, was more under shallow marine con-
dttions at least for parts of the time; with a progressive facies change
to a more continental type of enviromment eastwards and into Jordon,

2, The materials of the "Basal Cretaceous Sandstones" were fluvial
transported along an extensive drainage met work, as indicated by the
general variability in grain size, together with the graded pattern in
cross-bedding, as well as by the btroad variation in lithologies and
regional facies. This drainage system most probably flowed in a westerly
direction in Lebanon, as indicates by the cross-bedding measurements
a northwesterly direction seems to have been dominant in northern Pales-
tine; and presumebly this is more northerly in southern Palestine and
Jordonj this tentative conclusion, however, reguires more evidence sup-
port from cross-bedding directions in Palestine and Jordon, and merits

future work,

80 .



81

8. Two probable alternatives present themselves with regard to
the provenance or source area and origin of the “Basal Cretaceous Sand-
stones" and their equivalents in the lLevant. The first alternative is
derivation from granitic parent rocks to the south, and the second is
derivation from a great sand body probably nearer at hand. No definite
conclusions are arrived at in this respect, as considerably more work on
a regional basis to include analysis of grain distribution, and general
fabric of the sandstones, accompanied by detailed analyses for heavy mi=
nerals occurence before weight can be given to one in preference to the
other,

4, Land and sea are the broad paleogeographic divisions. The
former covered most parts of Lebanon and Jordon, and the latter was pre-
dominant in most parts of western Palestine, The divide line ( shore
line) runs NNE from the southern parts of Palestine near the Gulf of
Agaba, up to the Dead sea, then N into northern Palestine, and thence NW
into southwest Lebanon, Shallow water not exceeding 200 meters appears
to have dominated the marine environment with a rather narrow littoral zone
fringing its eastern limit which is most pronounced in southeast Palestine,
and possibly in northeast Palestine and southeast Lebanon, Continental
sonditions were dominant in Jordon; these are characterized by diverse
river systems, together with local developments of lakes and playas.
Deltaic and fluvial conditions seem to have prevailed in the remaining
parts of the Lebanon. The climate, sccordingly was wet, rather warm,

and with heavy concentrated seasonal rainfall,



Appendix Noms I

STRATIGRAPHIC SECTION

"Pasal Cretacecus Sandstones' of Central Lebanon
Gartaba Locdity

Detailed Description to accompany Plate NoJXVII
Totel Thickness %6 m

Interval
Nunmber

Rock unit

Thickness

Description

J4&5

saﬁdstone

sandstone

sandstone

sandstone

sandstone

sandstone

sand stone

10 45m

5340m

7+0mn

245m

7e5m

Se5m

Sebm

hards fine to medium grained; massive
to thickly bedded (50 to 100cms and
more); compact; slightly limey; pale
brownish; iron stainning on surfacej
current bedded,

mostly obscured; hard and soft alter-
nating layers; fine to medium grained,
vwith some disseminated coarse grains

in ome outerop; slightly limey; slightly
Jimonitic; massive to thickly bedded
(grester than 100cm); yellowish to
brownish,.

rather hard; fine to medium grained;
in places coarse; massive to thickly
becided; laminations of iron in between
bedding planes; interbedded with sli-
ghtly carbonaceous and argillaceous
sandsy poorly current bedded; yellowish
brownish .

soft; coarsed grained; limonitie;
nassive; yellowish; gets hard towards
the tottom; current bedded.

relatively soft; variably grained me-
diun to coarse; massive bedding; come
pact; yellowish brownish; bands of
argillaceous sands; current bedded.

hard; fine grained at top; pale yello-
wish colour; current bedded; gets coar-
ser grained at bottom with argillaceous
sand, and carbonaceous material.,

alternation of current bedded sandstones,
and argillaceous sandstones; current
bedded sandstones white to yellowish;
fine to medium grained; 1 limenitie,
massive bedding; argillaceous sandstones
soft, greyish, friable, slightly clayey
at bottom.
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Interval| Rock unit Thickness Description
Number
B8 sandstone 1540m hard; variably ed fine to medium;
massive to thickly bedded (greater
than 100cn); yellowish brownj current
bedded; iron concentration in hard
beds that alternate with softer beds.
9 sandstone 540m hard; fine to medium grained; massive.
10 sandstone R+0m goft; friable; massive, no beeding;

base

fine grained.




Appendix No, II

"Rasal Cretaceous Sandstores" of Central Lebanon
Jouret el-Termos Locality

Detailed Desecription to Accompeny Plate NolJXVITI
Total Thickness 86,5m

Interval
Number

Rock Unit

Thickness

Description

[~ Top

sandstone

sandstone

sandstone

sand st.one

argillaceous
sandstons

sandstone

R3e5m

14 .5m

12 .Sm

345m

245m

L1.5m

7+0m

alternation of sandstones and argil=-
laceous sandstones, (2m and 25 to
5Cem thick respectively; sandstones:
white tc yellowish; variably medium
grained; slightly current bedded;
hard sandy bands of iron in between
beding planes; argillaceous sandew
tenes: soft; grayish; laminatedj
frizble,

hard to scft sandstones alternating
with some argillaceous sands (40cm
thick); thindy to thickly bedded;
fine grained; friable towards to top
iron bands (5 to 10em) in between
bedding planes; yellowish brownish
te grayish.

alternation of limonitic sands (soft),
and white yellowish sandstones (hard);
fine to medium grained, with variable
disseminated coarse grains; massive

to thickly bedded (greater than 100cm).

soft; not very well consolidated;
very fine grained; friable; ochpe
to yellowish; thickly bedded (50cm)
to massive; limey at bottom,

friable; thinly bedded to lami-
nated; graylsh; slightly carbona-
ceouss intercalations of limonitie
sands .

hard; fine grainedj ochre yellow;
limonitic; slightly limey.

alternation of white and limonitic
sands3 softy friable; variably grained
fine to medium; thickly bedded; lami-
nations of carbonaceous and argilla-
ceous sands,
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Interval| Rock Unit Thickness Description
Number
8 argillaceous 3e0m soft; friable; grday to yellowish;
sarndstone carbonaceous alternation of thin
beds of soft sands.
9 sandstone 1.5m rather soft; not well consolidated;
variably grainedfine to mediumj
white to yellowish to reddish; thick-
1y bedded; slightly pisolitic towards
the bottom; iron rich layer at bot-
tom (lscm) .
10 argillaceous 340m friable; slightly clayey; grayish;
sandstone thinnly bedded (less than 10 cm).
1 sandstone 1.5m hard to soft; fine grained; yello-
wish brownish; thinnly bedded.
12 argillaceous 11,5m soft; friable; clayey at top; very
sandstone fine grained; iron rich; obscure
bedding, massive,
Base




Appendix Noes ITI

M"Rgsal Cretaceous Sandstones®™ of Central Lebanon

Qattin Locality
Detailed Description to Accompany Plate No.,XIX
Total Thickness 8Sm

Interval
Number

Rock mit

Thickness

Description

sandstone

sandstone

sandstone

sandstone

sand stone

sandstone

gand stone

7 +Om

340m

100

5¢5m

17 40m

9¢5m

840m

soft; fine to medium grained; alter-
nating white and brown colours;
massive to no bedding; argillaceous
laminations towards the bottom;

hard; massive to no bedding; vari-
ably fine grained; brownishj; iron
enrichment on the surface,

soft; variably fine to medium grained;
massive bedding; yellowish to white;
laminated argillaceous sandstones
interbedded in intervals of (50 cm);
slightly carbonaceous laminations.

soft; alternation of limonitic
sands and argillaceous sands; mas=-
sive (greater than 100cm); fine
grained; reddish brown (Limonite
layers), gray (argillaceous sands);
some ccarse grained at bottom.

soft; alternation of massive white
sands fine to medium grained; and
limonitic sand layers (30cm), fine
grained; unconsolidated laminated
carbonaceous material and argilla-
ceous sands within the white sands,

alternation of argillaceous sands-
tones (and sandstones of 30 to 80cm
thickness; sands are white and limo-
nitic, in alternation; separated by
argillaceous sands; soft, gréyish;
friable; laminated bedding; sandstone
show no bedding with units; limenitic
layer gets thicker at bottom (300cm).

hard; compact, consolidated; variab-
1y grained; thinnly bedded (10 to 2§
cm) ; to thickly bedded; white reddish;
cuitent bedded.
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Mnterval | Rock Unit Thickness Description
Number
8 clay 4.5m sandy; friable, flakey; iron richj;
9 sandstone Bebm hard; fine to coarse grained; mas-
sive; brown.

10 sandstone 2140m soft; fine to medium grained; yel-
lowish brownish; obscured by sandy
soil,

Base




Appendix Nog IV

WEasal Cretaceous Sandstones® of Central Lebanon
Aintoura Locality

Detailed Description to Accompany Plate No, XX
Total Thickness 85m

Interval
Number

Rock Unit

Thickness

Description

Base

sandstone

sandstone

sandstone

sandstocne

sandstones

sandstone

sandstane

sandstone

sand stone

7+0m

26,0m

1145m

10,0m

7+5m

Re5m

840m

445m

840m

hard; yellowish brownish; fine to
medium grained; compact; slightly
1imey; thickly bedded (50 to 100em).

rather soft, not well consolidated;
fine to medium grained; thickly to
thinly bedded (10 to 50cm); stregly
current bedded; limonitic; reddish
to yellowish brown.

soft; reddish brown; variably grained,
fine to coarse; thickly to thinly bed-
ded (10 to 50cm); strongly current bedded.

hard; yellowish reddish brownj; variably
grained fine to course; thickly bedded
to thinly bedded (10 to 50em); current
bedded; becomes poorly consolidated to-
wards bottom; interbedded with argilla-
ceous sandstones and laminations of clays.

hard and soft layers alternating; thickly
bedded; hard layers: rich in iron; yellow-
ish, sometimes grayish due to argillaceous
inclusions, consolidated, compact, medium

| to fine grained; soft layers: yellowish

to brownish, sometimes grayish to whit-
ish due to argillaceous matter, and bands
of lignites; thickly beddedj; medium to
coarse grained; limonitic.

consolidated but not very compact;

thinly +o thickly bedded (10 to 60cm);
yellowish brown; variably grained, coarse
to finej; current bedded,

hard, becomes softer towards bottom;
variably grained, medium to finej; compact;
iron rich; yellowish brownishj; current
bedded; with laminated argillaceous sands.

alternation of hard and soft layers; at top
clay bed(50em) ; reddish; variably grained.

hard, becomew softer towards bottom; thick-

1y bedded (80 to 100cm) to massive; iron

rich; yellowish brown; medium grained,




Appendix No, V

WRasal Cretaceous Sandstones® of Central Lebanon
Feskinta Locality

Detailed Description to Accompany Plate No.XXI
Total Thickness 240m

Interval
Numb er

Rock Unit

Thickness

Description

Top

sandstone

sandstone

sandstone

sandstone

sandstone

sandstone

argillaceous
sand stone

23540m

qum

4,5m

15,0m

G.Em

7+0m

145m

massive to thickly bedded; interbed- .
ded with argillaceous sandstones

(50 to 100em); yellowish browns

fine to coarse grained; alternation
of hard and soft beds; becomes argil=-
laceous towards the top.

hard; feature forming; medium to
fine grained, sometimes coarse;
variegated, white, yellow; violet,
brown, massive to thickly bedded;
strongly current bedded.

hard; feature forming; fine to

coarse grained; variegated, white,
yellowish brown; massive bedded; cur-
rent bedded; iron concretions with
pyrite cores.

hard; coarse to medium grained; some
alternation; white to yellowish;
massive to thickly bedded; current
bedded; patches of iron staining on
surface.

alternation of argillaceous sandstones
and sandstones; the former: soft, no
bedding; variably grained, iron rich
band (5cm); the latter: massive to
indistinct bedding; variably grained;
yellowish brownj iron rich layer in
the middle (R0 to 30Ocm),

alternation of hard and soft beds;
thickly bedded (50 to 100 em); vari-
ably grained; yellowish brown; iron
surface staining; poorly current
bedded,

soft; friable; greyish; no bedding;
slightly carbonaceous.
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Interval
Number

Rock Unit

Thickness

Description

10

12

13

14

15

17

sandstone

argillaceous
sandstone

sandstone

sandstone

sandstone

clay

sandstone

clay

sandstone

1a5Sm

9.5m

2+0m

2.51‘!

12'51‘

50m

340m

le5m

340m

340m

soft; friable; fine grained; varie~
gated, white, yellow, brown; thimly
bedded.

soft to hard (when iron rich); thick-
1y to thinly bedded (20 to 60cm);
grayish; iron nodules; interbedded
with thinly bedded sands (1Ocm);
yellowish to white; variable grained.

hard; thickly bedded; variably grained;
yellowish brown,

slightly sandy; friable; sticky;
thinly - to laminated bedded; soft;

yellowish grayish,

altermation of argillaceous sand-

stones and sandstone; the former:

friable, soft, thindly bedded (1Ocm),
grayish yellowish; the latter: soft.;

fine to medium grained; thinly  to

thickly bedded %TO to 50cm); Hhite

yellowish brown; & clay bed (15cm)

at bottom,

hard; fine to medium grained; mas-

sive bedding; white, yellowish brown;
slightly current bedded; with alter-
nation of some argillaceous sandstones.

soft; friable; slightly sandy; with
thin layers of sands, and thins beds
of lignites.

soft; variably grained; thinly bed-
ded; yellowish brown,

soft; friablg; thinly to laminated
bedding; interbedded with thin beds
of sands (10 ecm); thin beds of lig-
nites.

soft; fine grained; slightly argil-
laceous and clayey; bands and thin
beds of lignites; slightly limonitic,
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Interval
Number

Rock Unit

Thickness

Description

18

19

20

?1

R2

%3

24

sand stone

sand stone

sand stone

sandstone

sandstone

arglllaceous
sandstone

sandstone

5+Em

14.5n

340n

Sebn

445n

340m

alternation of soft and hard beds;
thinly - to thickly bedded (10 to
50 cm); fine to medium grained;
yellowish brown.

alternation of argillaceous sand-
stones and sands; the former: soft;
fraible; thinly - to 1 ted bed-
ding (less than 1Ocm); gréyish;
ecarbonaceous; with some iron lami-
nations; the latter; alternation of
hard and soft bads; variable grain
size; thinly  bedded (10 to 25cm);
yellowish whitish; sometimes friable,

hard; feature forming; massive to
thickly bedded; fine to medium gra~-
ined; some argillaceous sands inter-
bedded in lenses,

alternation of argillaceous sand-
stones and sandstones; argillaceous
sandstone: soft, friable; thindy -
bedded (less than 1Ocms.) grayish
to yellow; limoniticj; carbonaceous;
a lignite bed (30 cms.); sandstone:
hard; thindy to thickly bedded (10
to 80 cms); variably grained; iron
staining on surfacej; yellowish to
brown.

massive to thickly bedded (grater
than 50 cms); variegated, yellow,
white; variably grained fine to
mediums current bedded; iron stain-
ing on surface.

soft; thinly bedded (10 to 20cms)3;
grayish interbedded with thin beds
of fine sands; yellowish,

massive to thickly bedded; variably
grained, fine to coarse; hard; yel-
lowishy current bedded; iron stain-
ing on surface,
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Interval
Humber

Rock Unit

Thickness

Description

26

R7

RS

RO

31

32

88

sandstone

sandstone

sandstone

"yolcanic
complex™

basalts

sandstone

basalt

sandstone

sandstone

'smdst.one

BeEm

I540m

6e5m

7 «Cm

1l.Cm

7 «5m

940m

2 «Om

Sebm

4.5“’1

7olm

alternation of argillaceous sandstone
and sandstone; the former: soft, friable,
thinly bedded to thickly bedded(IO to 50
em), grayish; the latterthard, thickly¥
bedded(25 to 50cm), to massive, variably
grained, yellowish grayish, jointed,

maseive to thickly bedded(greater than
50cx), interbedded with argillacepus sa-
ndstone(I0 to 20em), variably gratmed,
yellowish to whitish, current bedded,thin
irom layers in between bedding planes,

Q
sandy, fraible, chocolate to blackish,
iron rich, thinly to laminated bedding.

hard, massive to thickly bedded(greater
than 50cm), wvariably grained fine to co-
aree, yellowish brown, current bedded,

chocolate clays and marls’; reddish brown
to blackish, with some volcanic material
(Olivine?), friable, thinly to laminated
bbdding otherwise massive,

soft to hard, sometimes friable; greenish
to dirty grayish white; altered slightly
to marls; rich in olivine; appear to be
agglomradiec in texture.

hard, massive to thickly bedded(greater
than I00cm), variably grained fine to me=
dium; yellowish to brown, current bedded.

very hard; dark blackish, cclumnar struce
ture, jointed, olivine rich, calcite veins,

hard, thickly bedded(greater than 50cm),
fine grained; white to yellowish,current
bedded.

soft, fine grained to variable, thickly
bedded to massive, yellowish brown,

hard, fine grained, thinly to thickly bed~
ded[I0O to 40cm), yellowish brown, gets
limey towards bottom, in contact with
Upper Jurassic limestones,




Appendix Nos VI

"Basal Cretaceous Sandstone®™ of Central Lebanon
Majdal Tarchiehk Locality

Detailed Description to Accompany Plate Noe XXII
Toatl Thickness I86m

Interval
Number

Rock Unit

Thigkness

Description

sandstone

sandstone

clay

sandstone

sandstone

sandstone

sandstome

sandstone

sandstone

35640m

leSm

1240m

7 e5m

9¢0m

8¢0m

8e5m

840m

Q45m

mostly obscured, soft, with argillaceous
sands; yellowish brown; sandy soil,

hard; thickly bedded( 50cm); with thin
¢lay bed in the middle; fine to medium
grained; yellowish browne

slightly sandy; friable and sticky; gray-
ish to greemish; thinly bedded,

hard; massive to thickly bedded(greater
than 50em) ; yellowish brown; variably gre
ained fine to medium; current bedded,

alternation of sandstones and argillaceous
sandstones; the foemer: at top curremt
bedded; thickly bedded(greater than 50cm),
yellowish brown; variably grained medium
to coarse; the latter: soft, friable,

thinly bedded; grayish,

hard; massive to thickly bedded; yellow=-
ish to whitish; variably grained fine to
nediumg strongly current bedded,

alternation of argillaceous sandstones and
sandstones; the former: soft, grayish,
friable, laminated to thinly bedded, the
latter: current bedded, variably grained
fine to medium, thinly bedded,

hard; variably grained, massive bedding,
current bedded, some bands of argillace-
ous sands in thin beds (IOcm).

alternation of argillaceous sandstone
and sandstone; the formeb: soft, friable
thick units(R0cm), grayish; the latter:
thinly bedded, variably grained, with
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some pyrite nodules,




Base

Interval| Rock Unit Thickness Description
Number

10 sandstone 120m thickly bedded; vasdiably grained fine to
medium; yellowish brownj hard; argillace-
sands in thin layers(50cm) soft, grayish.

n sandstone 440m soft, slightly coarse grained, mainly
medium, yellowish, massive bedding, curr-
ent bedded.

12 sandstone 440m hard; massive bedding, Jointed; medium to
fine grained; brownish reddishj iron ricl;
thin bands of ferrugineous layers and crusts
along bedding planess

13 argillaceous 240n soft, friable, grayish to whitish, no

sandstone apparent bedding.

14 sandstone 10,0n soft; thickly bedded to massive; medium
grained; light yellowish brownj current
bedded.

15 sandstone 40 ,0m soft; yellowish brown; forming gentle slope
mostly obscured; mainly fine grained,
slightly argillaceous at some levels; with
clay lenses; no bedding is observeds

186 sandstone 540m hard; massive bedding; jointed; variably
grained medium to fine; brownish,

17 argillaceous 240m soft; friable, thinly bedded, grayish to

sandstone gresnishe

18 sandstone 7 +Om hard; massive bedding; variably grained

medium to fine; brownish




Appendix No, V11

®Basa] Cretaceouf§ Sandstone™ of Central Lebanon
Qoubail Locality

Detailed Description to Accompany FPlate No, JO11l'
Tosal Thickness 258m

Interval
Number

Roek Unit

Thickness

Description

Top

sandstone

argillaceous
sandstone

sandstone

clay

sandstone

sandstone

R7+0n

18¢0Om

540m

Se5n

20¢0m

1640m

mostly obscured, at top very hard sand-
stone, variably medium grained; yellow=-
ish, slightly limey; clayey and argilla
ceous at different levels; exposed part
thinly to thickly bedded(20 to70cm) s

soft; friable; grayish greenish at top
and grayish at bottom, mainly fine grai-
ned, sometimes medium, thinly bedded,
with ferrugineocus pisolitic concretions
towards the top, becomes clayey towards
the bOttOl'ﬂ.

massive to obscure bedding; variably
grained fine to mediumj yellowish, limo-
nitic, calecitic veins, with carbonace-
ous bands,

slightly sandy, and carbomaceous, gray-
ish, becomes more sandy towards bottom;
with a bedfof sandstone (50cm) thick,
yellowish, medium grained,

alternation of sandstones and argillac-
eous sandstones; the former: thickly bed-
ded ( 1 to 2m), current bedded; variably
grained medium to coarse, yellowish with
some limonitic layers; the latter: soft,
thickly bedded ( 50 to I0Oem), otherwise
laminated, friable, grayish,

toptpart: soft(6m) thick, yellowish to
graysih, slightly argillaceous, medium
grained, limonitic, massive beddings
middle part: (5m) thick, hard, massive

to thick bedding(50 to IOOem), medium
grained in places coarse, yellowish, lime
onitie, argillaceous in places,

bottom part: (5m) thick, soft, slightly
argillaceous, yellowish to grayish, var=

iably grained, mainly mediumj; pbscure
to massive bedding,
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Interval
Rumber

Rock Unit

Thickness

Description

10

13

14

sandstone

argillaceous
sandstone

sandstone

sandstone

sandstone

sandstone

sandstone

sandstone

argillaceous
sandstone

6,5m

Be5m

14,5m

4.5m

Se5m

1140m

Be5m

5.5m

S45m

alternation of hard and soft sandstones;
hard: fine to medium grained, reddish
brownish, thickly bedded( 50cm), current
bedded, iron surface crust; soft: slight-
ly argillacsous, and carbonaceous, gray-
ish, fine grained,

soft; friable; thinly beddéd; clayey;
with fossil plant remains,

hard; massive to thiskly bedded (50 to
T00 om), jointed; current bedded; red-
dish in places, generally brownish; var-
iably grained medium to coarse,

argillaceous at top; and clayey at bot~
tom; thinly bedded, yellowish to grayish,

softy medium grained, slightly argillas=
ceous; yellowish, limonitic,

topppart: hard; current bedded; medium
grained; massive bedding, yellowish; be-
comes softer towards down,(4m) thicks
middle part: argillaceous; thinly bedded,
alternating with white soft sands, gray-
ish, mediur grained, ( 3m) thicks

bottom part: soft, not compact, friable,
coarse to medium grained; current bedded,
yellowish; thinly to thickly bedded(R0tt80
50 em )y ( 4m) thick,

alternation of sandstones and argillace=
ous sandstones3; the former: hard, thinly
bedded, fine grained, yellowishj; the Latt-
er: soft, frisble, grayish, thinly bedd-
ed ( less than 20 cm)e

hard; current bedded, jointed, fine to
medium graihed, yellowish to slightly
reddish, slightly argillaceous in middle,

soft; thinly bedded(Io to 15cm) 3 which are
laminated from within, friable; grayish;
fine grainedj clayey in middle; with alter-
nation of some sands at bottum(’ 3 to 5Scm)e
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Tnterval
Number

Rock Unit

Thickness

Description

18

17

19

21

R3

24

25

sandstone

sandstone

sandstone

sandstone

sandstone

sandstone

sandstone

"yolcanic
complex "

basalt

940m

440m

340n

540m

12.5m

12,0m

15,0m

massive to thickly bedded(greater than
50 em), medium grained; hard; with
bands of clay in laminated form less
than Im thick; yellowish current bedded,

alternation of hard and soft sanddtones,
( 5 to 20em thick); medium grained, ye=
llowish; current bedded,

alternation of sandstones and argilla-
ceous sandstones; the former: thinly
beded, fine grained; harder, the Latter:
friable, soft; grayish,

hard; massive vedding (greater than 50cm),
variably grained medium to fine; yellow-
ish; current bedded,

alternation of sandstones and argillaceous
sandstones; the fermer: , massive to
thickly bedded(30 to 50cm), medium grained,
yellowish brown, with bands of clay{Recm);
the latter: friable, soft,laminated to
thinly bedded, grayish, with some lignite
seans{l to 3 em), slightly contorted, be=
comes more sandy towards bottom, where bed-
ding is obscure, and becomes more compact,

alternation of current bedded sandstones
and argillaceous sandstones; the former:
hard, massive to thickly bedded(0.5 to 2m),
mediul to fine grained, yellowish brown, the
latter: friable,soft, laminated to thinly
bedded, grayishe

hard, massive to thickly bedded(ltol,5m),
with alternation of argillaceous sands
(1 to 1,5m), which are soft, friable, thinly
bedded, grayish; the sandstones: current
bedded, yellowish brown, variably grained
mainly medium, jointed,

1a
chocolate coloured clays, crumbly, fréible,
thinly bedded otherwise massive, alteration
product of underlying basalts,

olivine rich, greenish to olive colour, hard,
weathered, exfoliation,

hard, massive to thickly bedded( 1 to 2m),
variably grained, mainly medium, yellowish,
current bedded, with some argillaceous
interbedded with sandstone,




Appendix No. V111

n3asal Creraceous Sandstones" of Central Lebanon
Aghmid Locality

Detailed Description to Accompany Plate No JX1V
Toatal Thickness 187m

Tnterval
Number

Rock Unit

Thickness

Description

marly

sandstone

sandstone

argillaceous
sandstone

sandstone

argillaceous
sandstone

sandstone

sandstone

1640m

13 .5m

70m

8,6m

6aOm

66+0m

soft; obscure bedding; limey; sandy,
pisolitic nodules; pale greenish,white,

alternation of sandstones and argilla-
ceous sands; soft , sands yellowish
brown, massive to thickly bedded, fine
to medium grained; the latter: soft,
grayish, slightly limey, pidolitic;
lignitic at bottom, some iron concre-
tions, and laminationse

soft, grayish to ochre; variably gr-
ained fine to medium, slightly limey,
many disseminated iron laminations, no
bedding massive appearnces

alternation of sandstones and argilla-
ceous sandstones; the former: fine to
medium grained, yellowish brown, thin-
1y bedded(I6 to 20cm); the latter: soft
to flakhmy, limey towards bottom, carbon-
aceous, some contorted clayey bedss

massive bedding; medium to coarse grain-
ed; grayish to white in places yellow=
ishj soft to flakey, laminated; iron
emrichment in form of cemehat; iron con-
cretions; limonitic in plawes, with some
caly bed at bottom(5 to 10cm) o

alternation of sandstones and argilla-
ceous sandstones; the former: fine to
medium grianed, obscure bedding, hard,
yellowish brown; the Latter: soft,flakey,
laminated, friable, grayish,

soft, yellowish brownj fine to medium
grained, thinly to thickly bedded, cur-
rent bedded, slightly carbonaceouss
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Tnterval
Number

Rock Unit

Thickness

Description

10

11

12

12

14

15

gandstone

13,0m

argillaceous af . B40m

sandstone

sandstone

sandstone

sandstone

sandstone

sandstone

clay

12,0m

240m

14,5m

8.51!1

13 .Em

740m

very hard, with alternation of softer
beds; medium to coarse grained, iron
sufrace staining; yellowish to gray-
jeh; thinly to thickly bedded(15 to 50
en); current bedded; fossil wood traces.

soft; laminated to thinly bedded; fine
grained; with some disseminated coarse
grains; carbonaceous; fossil wood tracess

very ahrd; with alternation of softer
beds; massive to thickly bedded(greater
than 50cm); yellowish brown, sometimes
grayish, current bedded; argillaceous
at some intebvalse

soft; coarse grained; yellowish browne

hard; massive to thickly bedded(greater
than 50cm); variably grained; yellow=
ish to brownish; alternation with car=-
bonaceous and argillaceous sands that
are soft, friable, grayish, thick beds
(100 t0l50cm), laminated in form, with
gome amber; lignitic material towards
bottom; current bedded sands, mainly
towards bottom; rich iron laminations
between bedding planes and iron crust
on surface,

alternation of hard and soft beds; thin-
ly to thiekly bedded( 5 to 40cm); cur-
rent bedded; fine to medium grained,
yellowish hrown; iron rich on surface.

alternation of sandstones and argill=-
aceous sandstones; former: fine to me-
diwm grained; thinly to thickly bedded
(20 to 50cm), yellowish brown; Latter:
soft, friable, grayish, with some limo-
nite, laminated bedding, slightly car-
bonaceouss

sandy, very fine grained, soft, friable,
laminated bedding, grayish to vielet,
slightly carbonaceouss
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Interval | Rock Unit Thickness Description
Number
16 sandstone 5¢5m hard to soft, variably grained, at
top fine, becomes coarser towardse
the bottom, reddish brown=at middle,
yellowlish brown towards bottom, massive
to thickly bedded ( gretaer than 50cm),
current bedded,
17 argzillaceous 4,0m soft, friable, flakey, laminated bed-
sandstone ding ( less than 2 cms, violet to
grayish; iron rich, slightly clayeys
18 sandstone 16,0m hard to soft; mainly fine grained,

yellcwish; massive bedding; with
carbonaceous laminations, current
bedded; some calcareous veins, slight-
ly argillaceous towards the bottom,




Appendix No, IX

"Basal Cretaceous Sandstone" of Central Lebanon
Jezzine Locality

Detailed Description to Accompany Plate No XXV
Total Thickness 388m

Tnterval
Number

Rock Unit

Thickness

Description

Top
iL

pisolitic
sandstone

sandstone

argillaceous
sandstone

sandstone

sandstone

clay

aandatom

10.0m

27 40m

25,0m

10,0m

345m

1.5m

60m

compact, habd, brownish grayishj;
piedlites rounded of variable sixze
1 to 3cm in diameters

alternation of argillaceous sandstonme,
and sandstone; former: soft, friable
fine grianed, grayish, thick beds of
about 4m in thickness, with lignite
geams; latter: hard, thinly to thick-
1y bedded( 50 to 80cm), variably gr=
ained fine to medium, iron staining on
surface, yellowish brown; becomes
whitish towards bottom, limonitic,

soft, friesble, clayey, obscure bedd-
ing, appears as a massive unit, yel=-
lowish, grayish to reddish, variably
grained mainly fine; soft at top, be-
comes harder towards bottom,

alternation of sands and clags; former:
soft to hard, yellowish brown, thick-
1y bedded ( s variably grained fine
to medium; latter: 50 to 100em thick,
soft, crumbly, laminated to thinly bed-
ded, grayish, violet, chocolate,

alternation of laminated sands and
argillaceous sands( 2 to Sem in thick-
ness), yellowish to grayish, variably
grained, fine to meddum,

shaley, friable, laminated, grayish
violet, slightly yellowish, traces of
plant remains,

alternation of sandstones and argilla-
ceous sandstones; former: 2 to 7em in
thickness,soft, yellowish; latter: soft
grayish thinly bedded, with clays along
bedding planes,

101
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Interval| Rock Unit Thickness Description
unbex

8 clay Rebm shaley, soft, friable, yellowish to
grayish, laminated,

9 sandstione 1.0m soft, firable, fine grained, yellowish,

10 clay 245m shaley, slightly sandy, friable, lami-
nated, yellowish to grayish,

o o sandstone Be0m sands( white to reddish) interbedded
with clays (friable, soft, grayish to
violet) ; sands are fien grained, ob-
scure bedding to massive,

12 sandstone Be0m hard, thinly bedded ( 2to 5em), fine
grained, yellowish brownish, iron sur-
face staining, compact, with lamina-
tions of carbonaceous material, ,

13 argillaceous 20Om soft, friable, slightly carbonaceous,

sand stone thinly bedded to laminated, grayish
to violet to yellowish, medium to
fine grained,

14 sandstone B40m soft, massive to obscure bedding, var=-
iably grained mainly medium, yellowish,
brownish, current bedded,

15 sandstone 7 «Om hard, thick to massive bedding, yellow-
idh brown, variably grained fine to
coarse, current bedded,

16 clay 1,0m frisble, crumbly, laminated, blackish,
17 argillaeeous 245m soft, thinly bedded ( 2 to Sem), white
sandstone to grayish, limonitic in parts,

18 argillaceous leSm soft, slightly clayey, laminated, car-
sandstone bonaceous, with fine grained sand lami-

nation, grayish,

19 sandstone 10,0m gsoft, massive unit, with laminated car-
bonaceous matepails and argilla eous
sands, yellowish brwon, variably prained
fine to medium,

ec clay 1.0m chocolate, with interbedded white sands,

curremt bedded,
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Interval
Number

Rock tnit

Thicknees

Bescription

Rl

’2

23

24

RS

R6

R7

28

k9

sandstone

clay

sandstone

sandstone

clay

sandstone

sandstone

clay

sandstone

limestone

140m

148m

740m

5.5!1

345m

8-5111

5.5m

7+0m

6.5“!

1.0m

soft, alminated, with clayey and car=
bonaceous bands, yellowish to brownish,
variably grained fine to medium, cur-
rent bedded,

crumbly, sticky, laminated, chocolate
%0 balckish due to carbonaceous matted,

current bedded units, interbedded with
clays, variably grained fine to medium,
becomes coarser towards bottom,

cakcareous sand with intercalations pf
clays and marls, white sands, no bedd-
ing, fine grained,

black to greenisk, laminateg, interbed-
ded with bands of sand 50em thick, fria-
ble, with lignite seams,

soft, variably grained fine to medium,
yellowish; a clay bed 1.5m thick occur
in the middle; becomes clayey towards
bottom.

hard, massive bedding, yellowish brown,
variably grained mainly medium, current
bedded,

alternation of clays and argillaceous
sandstone; at top clay bed 1,5m thick
friable soft, middle 3m thick aegilla-
ceous sands grayish, soft, at bottom
elay bed 2,6m thick, soft, friable,
greenish grayish.

nassive bedding except for current bed-
ding, variably grained fine to medium
yellowish brownish, carbonaceous lami-
nations, becomes richer towards bottom,
vith grayish colour,

thick bed, fossilifireous, with sand
matrix,
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Interval
Number

Rock Unit

Thickness

Description

32

33

55

36

57

39

argillaceous
sandstone

sandstone

argillaceous
sandstone

sandstone

sandstone

sandstone

. sandstone

argillaceous
sandstone

sandstone

5.5m

4,5m

28,0m

5.5m

5.0m

5.0m

5.,0m

4,5m

2,0m

12,0m

clayey, friable and sticky, with car-
bonaceous material amd lignites inter-
bedded in the sands; soft, grayish

to whitish,

hard, becomes soft towards bottom,
thickly bedded, variably grained fime

to coarse, slightly argillaceous, yel-
lowish to whitish,.

massive unit, consists of argillawe-
ous sands and clays, lignites, and
carbonaceous materials in thin beds

( 2 to 10cm), grayish yellowish to
blackish when associated with lignite,

hard, massive bedding, yellowish browm,
variably grained medium to coarse,
current bedded.

soft, friable, sandy, laminated, gray-
ish, with intervalations of thim bands
of sand,

hard, massive bedding, variably grain-
ed medium to coarse, yellowish brown,
current bedded, irom staimind om surface,

slightly sandy, laminated, fraible,
reddish to grayish,

soft, massive bedding, yellowish brown,
variably grained medium to coarse, cur-
rent bedded, ferrugimeous concretiomns,

alternation of sandstones and sandy
clays, thin to thick bedded sands (10
to I00cm) amd thicker clays ( 50 to
I00cm), yellowish sasds; grayish to
whitish c1mo

friable, slightly clayey, lamimated,
grayish reddish,

massive, current bedded, yellowish browm
reddish, whitish, variably grained fine
to coarse, mot very sampact, thick bed-
ding(50 to 100cm) ; clayey and argilla-
ceous (2 tolScm) separate cross-bedded
units,
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[nterval
Kumber

Rock Unit

Thickness

Description

42

43

47

49

argillaceous
sandstone

sandstone

clay

sandstone

sandstone

clay

lignite

5.0m

4,0m

5.0m

Se5m

9.5m

4.0m

75m

540m

friable, slightly clayey, laminated,
peddish to violet, to grayish, fine
grained; becomes clayey towards tep.

massive except at top where it is t
thinly bedded, with laminated clays
yellowish brownish, sometémes whitish,
coarsed grained, becomes finmer towards
the bottom,

alternation of clays and sandstones;
foremr: 5m thisk units, laminated,
fraible, sticky, grayish reddish vio-
let to blackish towards bottom with
presence of lignites and caebonaceous
materials; latter: thialy bedded(15to
20cm), hard, violet to brown, variably
grained medium to fine,

massive to thickly bedded, yellowish
reddish to whitish, variably prained
medium to fime, limonitic to haematitic
at top, thim bedding in the middle with
clay and argillaeous layer; current
bedded,

top layer friable, lamimated, reddish

to violet, soft; becomes harder and more
compact towards bottom where thinly bed-
ded and more sandy, slightly carbomacous,

massive, thinly to thickly bedded to-
wards top, yellowish browmish, variably
grained fine to medium, current bedded,
jointed, compact; becomes softer towards
bottom; carbomaceous lamimations separate
current bedded units,

slightly sandy, laminated, grayish teo
blackish, rich ia lignite seams,

nassive, yellowish, variably grainmed
medium to coarse, current bedded, with
slightly carbonaceous laminations,

black; laminated, thick umit, friable.
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Tnterval
Number

Rock Unit

Thickness

Descriptiomn

52

53

sandstone

clay

sandstone

argillaceous

sand stone

15.0m

10,0m

940m

5+0m

22,5m

massive, yellowish brown, variably grain-
ed mainly medium, current bedded, carbon-
aceous lamination along beddim planes of
cross-bedded units.

alternation of clays amd argillaceous
sandd; former: friable, sticky, reddish
violet, grayish; latter: fine grained,
thinly bedded ( 10cm), within a unit of
1 to 1.5m thicke

alternation of sandstome amd argillacous
sandstome; former: reddish to brownish,
thinly to thickly bedded(15 te 50cm),
fine grained; latter: soft, friable, thin
ly bedded, grayish.

massive to thickly bedded, yellowish red-
dish brownish, variably graimed fime teo
medium, soft to hard, curremt bedded.

alternation of thinly bedded sands and
clays(2 tolScm) thickness, red violet

colour at top, yellowish to white gray
to brownish towards bottom.

massive to thickly bedded, yellowish teo
reddish and brownish, variably grained
fime to medium,; alternation of hard amd
soft beds; current bedded, irom surface
staining tpwards the $op; argillaceous
sandy clayey laminatioms amd bands,

soft, massive to obscure beddiang, some-
times thiwkly bedded, reddish, violet,
yellowy brown and grayish, friable, fine
grained to medium; with comtorted bed-
dilg.
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435

GS9

Photograph (1); Qoubai Locality; Thin fine
grained sandstone 1nterbedded‘with lamina-

ted clays.

co d35

Photograph (2); Aghmid locality; Thinly to
thickly bedded alternating soft and hard
sandstones, scour-and-fill structure along
the middle of picture ( hanmexr ) e



G9 dds

Photograph (3) 3 Qoubai locality; Thick to
massive, cross-bedded sandstonese
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Photograph (4); Beskinta locality; argilla-
ceous' sandstone(lowest), overlain by sand-
stone, with a uniform bedding surface, a
scour=fill structure at tope.



G9 d3S

h 5) s d locality; Thinly bed-
Sagtograph ()3 Aghmid locelitys Thinly be

thin beds of lignite and carbonaceous mattere

66

MAY

Photograph (6); Jezzine locality; Thin to
thick bedding, cross-bedded, sandstone, in-
terbedd with thin to laminated beds of
ligni‘bes-
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100

G99

Photograph (7); Douar locality; Tabular,
non-tangential cross-bedding in sandstones.

Photograph (8)3; Jezzine locality; Wedge,
tangential cross=bedding in sandstones,
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AV

99

Photograph (9)3 Jezzine localitys; Trough,
tangential cross=bedded units in sandstone,

120

G9

Phtograph (10)3; Douar locality; Cross=
bedding laminations( along strike) showing
graded distribution of sand grains within
every €onsecutive cross-lamination.
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AVIN

99

Photograph (11); Beskinta locality; con-
torted bedding of clays in sandstones,

g9 d35

Photograph (12); Aghmid locality; Small
scale fault structure associated with
laminated to thinly bedded clays and
argillacecus sandstoness
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Photograph (1) Qoubai Locality; Thin fine
grained sandstone interbedded with lamina-

ted clays,

Photograph (2); Aghmid locality; Thinly to
thickly bedded altermating soft and hard
sandstones, scour-and-fill structure along
the middle of picture ( hammer ).



Photograph (3); Qoubai locality; Thick to
massive, cross-bedded sandstonese
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Photograph (4); Beskinta locality; argilla-
eeous  sandstone(lowest), overlain by sand-
stone, with a uniform bedding surface, a
scour-fill structure at top.
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Rag R ohe) ' 1nforboad vith Liminated to

thin beds of lignite and carbonaceous matter.

66

MAY

Photograph (6); Jezzine locality; Thin to
thick bedding, cross-bedded, sandstone, in-
terbedd with thin to laminated beds of
lignites.



120

Photograph (7); Douar locality; Tabular,
non~tangential cross-bedding in sandstones,

AVN

Photograph (8); Jezzine locality; Wedge,
tangential cross~bedding in sandstones,
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Photograph (9Fj Jezzine locality; Trough,
tangential cross-bedded units in sandstone,

190

9

Phtograph (10); Douar locality; Crosse
bedding laminations( along strike) showing
graded distribution of sand grains within
every eongecutive cross-laminatione
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Photograph (11); Beskinta locality; con-
torted bedding of clays in sandstones,

:
|

Photograph (12); Aghmid locality; Small
scale fault structure associated with
laminated to thinly bedded clays and
argillaceous sandstones,
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