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Abstract

The formation known in Lebanon as the "Basal Cretaceous
Sandstone" consists largely of medium-grained arenites. The present
study shows that these are well-sorted oligomict quarts sandstones,
and indicates that they were deposited partly in shallow marine and
partly in nonmarine conditions. TAMAAN's hypothesis (1966) of a
delta meets with some minor difficulties, and consideration is
glven here to the effect of the transgressive Lower Cretaceous
sea which, aided by the ample tides of the Tethys, may have consider-
ably modified the deltaic character of the accumulation.

The great purity of the detrital fraction of these sandstones
argues against a direct derivation from the metamorphic rocks of the
Arabian shield, A study of the heavy mineral content and comparison
with the older sandstones of Jordan confirms this impression and at
the same time suggests a possible source; further stratigraphic
evidence is needed before any positive conclusions can be drawn as

to provenance, however,



1. INTRODUCTION

The Cretaceous of Lebanon begins with a sandstone formation which
represents here the so-called "Nubian Sandstone" (RUSSEGER, 1837) of
Egypt and the surrounding countries. (See SHUXRI and SAID, 1945, 19486;
SAID, 1962; BURICN, 19693 Lexique Stratigraphique International.) In
Lehanon these basal Cretaceous sands lie (with local diseonformity) on
the linestones of the Upper Jurassic, and give way in twrn to an altern-
ation of sands and neritic limestones; the latter contain a fauna of
Barremian or Aptian age, and are considered as lower Aptian by DUBERTRET
and VAUTRIN (1937). The sands proper, which culminate loecally in a
horizon of caleareous pisocliths, reach a meximum thickness of some 380 m
in the neighbourhood of Jezzine (KANAAN, 1966), thinning out across the
northern and eastern frontiers of Lebanon and finally disappearing.
TWUEBERTRET (1935) described them under the heading "Neocomian" but later
(1963) points out that they are the littoral deposits of the Cretaceous
transgression as it moved sastwards across the Jurassic land surface, and
as such need not define a particular stage. In any case their poverty in
fossils makes it wellnigh impossible to date them precisely.

Lebanon, together with Palestine and parts of Syria and Jordan, lies
on the wnstable margin of the Arabian shield (MITCHELL, 1959), character-
ized by the Judaea-Lebanon and Xoab-Antilebanon ranges with the Dead Sea
rift between, The geologic history of the whole region is one of slow

epeirogenic uplift of the central part of the shield with peripheral
downwarping or ¢scillations. In Lebanon these events are recorded in



prolonged carbonate deposition interrupted by a brief emergence in

the late Jurassic;l) during the transgression which succeeded the latter
were 1aid down the terrigenous deposits which fill the limestone
neandwich® to which the stratigraphic edlumn in Lebanon may be crudely
likened.

KANAAN (1968) gives a detalled stratigraphic account of the Basal
Cretaceous Sandstone in his study of its sedimentary structures and
facies variation. The object of the present study has been to bring
further evidence to bear on Kanaan's work insofar as it relates to the

following questions:

a. Enviromment of depesition;
b. Medium of transportation;

¢. Provenance,

2. PETROGRAPHY

Arenaceous beds predominate in the Basal Cretaceous Sandstonej a
study of the nine sections measured by KANAAN and the present writer
and deseribed in Kanaan (1966) shows that sandstones make up between
60 and 90 percent of the formation, averaging 75 percent. Because no
elutriator was available for fine gramulometry, sampling for granulometric
work was restricted mainly to these medium-grained beds.

DMrngimmweupiodbyHtHommmhawmmmm
sea since that time.



Shades of ochre, brown, red and violet characterize the Lower
Cretaceous and cause it to stand out in pleasing contrast to the dull
mmmmmm.m-wlm,mwmmmd
mmmummu,mmmmtm
the basal sends and their associated volcamic horigons. Much of this
rmnmwammwmmmmtm
fyon ground water evaporating at the surface; it is not uncommon for
anmmmtuauwmmwp‘h
coloured or even white uncemented material, as an occasional unwary
mdnmmuscomodwhiscon.ﬁmanmberoflocmy
persistent ferruginous horizons, here and there suggestive of ancient
land surfaces, indicate that some iron oxide was also deposited
eomtemporaneously. In sone localities (the most important being Aghmid
near Ain Zhalta) outerops of white sand arve quarried for glass manufacture.

Louny,the-rg:lnmbodawrmhﬂﬁchnmorm
meters. They are generally coloured grey, occasionally darkened by the
presence of organic material.

R.& Craculonstyy

88 samples were selected for granulometric study from sandstone beds
4n seven localities. (Ssmple locations are shown in Fig. 1, p. 4; levels
sampled are indicited on the muMc sections, Plates IX-XX.) The
samples were disaggregated (with the help of hydrochloric acid and stannous
chloride where necessary) and hand sieved, using a series of sieves with
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openings of 5860, 1680, 840, 420, 210 and 105 microns. The percentages
by weight of the different fractions are given in Table I (pp 6-8) and
ghown graphically on the histograms in Mg, 2 (p. 9).

A good discussion of statistical approaches to granulometry is givem
by KRUMEEIN (195¢). In the present study histograms have been retained
(in spite of their disadvantages) to give a rough visual impression of
grain sige distribution, but for the quantitative treatment cumilative
frequancy curves and quartile statistics were adopted for the following

reasmst

1) A preliminary treatment using moment statistics
failed to reveal any parameters of use for defining cor- 1)
relatable horizons or expressing regular horiszontal variations;
2) The composition of the finest fraction (< 108u)
being unknown, the frequency distributions are "open-ended":
a disadventage in calenlating moments;
5) The mathematical operations of quartile statistics
are simple and rapid.
The application of quartile statistics to sedimentary problems
has been developed by TRASK (1980, 1952) and KRUMBEIN (1936a, 1936b,

1989) 3 the following brief discussion is taken mainly from Krumbein (1939).

The cumlative frequency curve (see for example Fig. 8), as its
name fmplies, is a plot of the cumulative frequency (in this case weight
percent) of the independent variable (grain diameter). Thus 50 percent of
the sample described by Fig, 5 would be held back by a sieve of aperture
1 mu, The values of the median (Md)and the two quartiles (Qy, Qg)t or, for

1)The mean diameter in samples taken from the section at Aghwid did in
fact show a negative correlation with depth below the top of the
formation. See p. s and Appendix.
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that matter, of any percentile: can be read directly from the curn.l)
Arithmetic measures of spread and skewness are easy to interpret and are
glven by:

quartile deviation (W) = HQg ~ §) ; (2.2)
skewness (ﬁ!‘, = i(% + Ql - M) . (2.!)
Geometric meamsures are to be preferred, however, as they are
dimensionless and consequently independent of the units employed:
W, = (qslcl)* ; (248)
Skz = (Qsﬁlmg)i . (2.4)
(qng is also known as Trask's sorting coefficient.) The logarithms

of the geometric parameters are still more convenient, being easier to
calculate and (because they form an arithmetic progression instead of a

geometric one) more readily interpreted:

log ; = #(log G5 - log @) (2.8)
log sk, = #(log Qg + log Gy = R.log Md) . (2.6)

The g-scals
KRUMBEIN (1856b) pointed out the advantages of transforming the
logarithmic scale of diameters normally employed in gramilometry to a

1 hroughout this discussion and in the treatment of the data themselves
we will follow the convention of always assigning the numerically higher
value to the third quartile, irre ve of the units used or of their

specti
significance. (See Krumbein, o(1958}. p. £64.)



linear one ueing the relationship

¢ = -log, d, (Re7)
and developed the so-called g-scale. Each unit on the ¢-scale
corresponds to a division of the Wentworth scale:

Wentworth scale
(di&!h in m) .-1/32..1/16..1/8...],/4'..1/2...1....2.---4----8--

"“‘1‘ (mitﬂ) e B o oo B s 2 .o 3 e D5a ~1l,. =2,., =3..

The negative sign is introduced merely to provide positive g-values
in that part of the scale most often used with arenaceous sediments.

Quartile deviation and skewness may now be measured by:

®, = #ag, - o]') 3 (2,8)
Sky = Hag, + G - W) . (249)
When the cumulative curve is plotted with grain size expressed in

g~units the statistical treatment becomes a matter of the greatest
simplieity; the p-parameters are readily convertible to geometric ones

if need be:
d = 270 (2.,10)
@g = EQD’ 3 (2.11)
sk, = g=Sky (2.12)

Fig. 4 (p, 13) is a chart showing diameters in mm egquivalent
to p-units in the range -2 to +4,
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The results are sumarized in histograms (F'igs 5-7) showing the
respective frequency distridutions of median dismeter, quartile
deviation and skewness. The average values and spread of these three

parameters turn out to be:

standard

Ngp deviaMm
Md, 1,77 0.45
QD, 0.52 0.18
Sk +0.03 0.08

14

It thus spvears that the sawples studied represent mediume-grained
arwd tes according to the definition of BERNARD et al. (1961). The mean
quartile deviation of 0.5 corresponds to a geometric parameter of 1.4,
wnich 18 1in good agreement with the value of 1.2 found by SHUKRI and
SAID (1945) for the Vubian Sandstone of Egypt. These are homogeneous
deposits by any standards: TRASK (1932, cited by KRUMBEIN, 19358)
oonsiders 2,5 as the upper limit for well sorted material.

Rather more than one-third of the samples are free from appreciable
sikewness) the remainder of the populstion shows a variation between -0.25
ard +0,25 with a slight bias towards positive values. The narrowness of these
Uinite (equivalent to geometric parameters of 0,85 and 1.2 respectively),
together with the pronounced central tendency expressed by the mean and
standard deviation, indicates that the deposit as a whole is characterised
by log-normal grain-size distributions.

mmxmmﬁmu%w%mmmum
may also be had from the examples of cumulative curves given in Figs 8
ad 9 (pp 18 and 19).
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frequency

mean OD. = 0.515

standard deviation -0.184
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2+5 Thin sections

85 samples vere studied in thin section; most of them were taken
from well-cemented sandstones or carbonate beds, but a few poorly-
cemented samples were sectioned after impregnation with Lakeside 70
tharmoplastic cement.

Arenites

These range from miltstones to coarse sandstones; the majority are
reasonadly well sorted. Quartz is the only common mineral in the detrital
fvaction, though here and there som detrital calcite was found (Sample
Yo. B2, Plate IIa). The cement is gmerally ferruginous, though carbonate
cement ls commen in the nelghbourhood of carbonate beds, Silica was
encomtered as cement in two samples only (Nos 54 and 71). There appears
to be some positive correlation between grain size and degree of rounding
(s@e Plates IILIe; IVa, b). The smaller, angular fragments are distributed
over a wide range of smmples, oftmoccmwp:"duunm&v well-rounded
grains (see for example Plate ITe; Flate IVa, b). Some samples, however,
consist mainly of small, well-sorted, angular fragments of fine sand
grade or smaller (Plate [1ld), Lamination and minor cross-bedded structures
vere observed in some slides (Samples 16, 19, 132; Plate IIla, b).

The quartz generally shows wawvy extinction; in some grains optical
discontinuities axe found, Evidence of secondary growth is rare. Here and
there fractures are seen, sometimes developed along the rhombohedral eleavage
direstims, with m f1lling of ferruginous eement (Plate IVd). Sometimes
the grains are traversed by rows of mimute inclusions, too small to identify;
larger inclusions are alse present in apparently random arrangement: sireon,
rutdle and magnetite are the commomest minerals occurring in this way. The
nain sccessory minerals observed were towrmaline, zircon and rutile.



Carbons Le

Several sanples of the pisolithie rocks from the wppermost part of
the formation were sectionedj these are deseribed in Section 2.,6. The
other carbonate beds studied are limestones of rather variable character,
fecrystallization or partial dolomitimation has doubtless obliterated
fossil remains in many of these; where they survive the fossils are often
vaguely outlined and difficult to identify. Quartz is a common eonstituent
of these rocks, which may grade vertically or horizontally into carbonate-
cemented sandstones. Some are ooliticy most are coloured brown by varying
proportions of ferrginous material. Saaples from Beskinta (Nos 2, 85, 4)
contained an sporeciable smourt of glauwconite (partly oxidised) in the
form of pellets (coprolites?) and vermiform structures suggestive of
organic remains (ses Plates V and VI).

Faunal remnants represenmting the following groups were recognized:
echinoids (Seskinta); Foranimifera (Jeszine); gasteropeds, pelecypods.
About six specimens of Choffatella decipiens were observed in thin sections
of Samplez 205 and 20€ fron Jezsine.

2.4 Heavy minerals

Eromoform separations were carried out on 49 samples from the seven
Jocalities. The heavy mineral fraction of these samples, between one and
five parts per thousand, shosred no systematic variation in either its
horigental or its vertical distribution. Its average composition, determined
by counting about eleven thowmsand individusl grains, is shown in Table II
(pe 22) ard 7ig. 10 (p. 28) . In the latter are also plotted some
characteristics of sccessory detrital minerals normally found in sediments.
Of the noneopaque minerals present, towmaline is by far the most abundantj
all the winerals present in significant amounts are relatively stable

*



chemizally and, with the exception of chlorite, harder than quarts.

TABLE II

Composition of the heavy mineral fraction (non-opaque)
of the Pasal Cretaceous Candstone of Lebanon. Pased on random
counts made on 49 mmples from 7 localities, 11,000 grains counted.

tnersl  Frequency

Tourmaline 60

Zircon 8.0
Rutdle 8.8
Chlorite 8.2
Topas 3.8
Anatase 1.9
Disthene 1.5
Blotite 0.9
(laueophane 0.5
Others” 5.4

.

basaltic hornblende, corundum, beryl, cordierite, apatite,
andalusite, fluorite, brookite, idocrase, monazite, in quantities
less than one-half percent.

e e e

R.5 Clay Minerals

X~ray powder photographs were made from 16 samples taken mainly from
argillaceous beds and the finest fractions ( <105u) of some sandstomes. A
de Wolff-Ouinier camera was used and the samples were ground with glycerol
mmmm.mumummnmm(p.m.m
and kaclinite proved to bs the main constituents of most of these samples,
with locally some illite. A white clay taken from a sandstone bed at
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IABLE III
Pasal Cretaceous Sandstone: minerals identified by x-ray diffractometry
Sample locality Rock type Nature of sample  Principal minerals
6 lBeskinta Sandstone Fraction <1054  Quarts (abundant)jlmelinite
14  Deskinta Sandstone  Fraction <108  JuAris m
abundant)
15  Beskinta Argillaceous Clay ML : )
abundant)
17  Beskinta Sandstone Fraction <108u mL ( 9
abundant,
20  beskinta Sandstone  Fraction <105,  Quarts L )
21  Beskinta Sandstone  Fraction <108 m g:hmd-nt)
abundant
30 Aghmid Sandstone Fraction <108y m& )
Ferruginous matter
81  Aghmid Sandstone  Fraction <105 MM)
59  Aghmid Sandstone  Fraction <105u m‘:"w 1;) R
Quartz ( trace)
Illite
Quarta (trace
207  Jessine Argillacecus  Clay - ML : .Jm‘t)
I1lite (abundant)
Quartz (abundant)
221 Jezzine Argillacecus Clay Kml:l.m.io (abundant)
abundant
236  Jeszine Argillaceous  Clay w& ( l) &)
Small lens of

A Machnaga Sandstone white clay

B AnZhalta  Sandston®  of rey ciey (see
text)
c Faruk Sandstone same as B

Quarta o
:ﬁum (abundant)

Quartz (abundant)

Quartz (abundant)
Kaolinite (abundant)

Machnaga (Sample A) consisted largely of a mineral with a basal spacing
(vhen glycerated) of 11.2 £, This does not correspond to any of the
interstratified minerals listed by MILLOT (1964); that vhich it most
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nearly approaches is a mixed-layer illite-vermiculite with a spacing
(when glycerated) of 12 R,

Small grey argillaceous pellets of various sises up to § mm long
are sparsely but rather widely distributed in the arenaceous beds. Two
of these (Samples B and C) when examined by xeray diffractometry proved
to conslst of quartz and kaolinite. Tt is characteristic of thess pellets
that they are aluays roughly the sana size as the quarta grains among
whiech ther ocewr. Might they represent foldspar grains deposited aleng
with the quartz and subsequently weathered? Some examples can be seen
in Plate I,

2.6 Concretionary structures

The concretionary structures of the Basal Cretaceous Sandstone can be
divided dnto two main categories: pisoliths (mainly calcareous but ranging
to alrost entirely ferruginous in composition) and non-pisolithic ferruginous
concretions of various types (generally consisting of haematite, hydrated
ferric wxide or pyrite).

Piselivis
Lo mentioned earlier (p. 1), the upper limit of the sandstone is
mariced locally by beds of pisoliths which attain in places (e.g. Aghmid, see

Plate XII) a total thickness of about 15 m. In most localities where they
occur the pisoliths are of predominantly calcareous composition, but at
Qubbal' (see location map, Fig. 1) @ummuu studied earlier
by the present writer they are ferruginous. Cood examples of the calcareous
type axe found at Aghmid (Plates VII and VIII). They are generally roughly
spherical or spheroidal in shape, often deformed, and vary from oolite size
to sereral cm in dismeter, with a large proportion between & and 1§ em.



Bach pisolith is built up of concentric layers about a central cove,
gererally a quarts grain or an aggregate of quarts grains, less often a
fragnent of a shell. The layers are of finely crystalline calcite, often
delicately lobtate in outline, and are differentiated from one another

by ireon stains. They are often discontinuous (Plate VIIb), perhaps owing

to growth now on one wmide, now on another, as the developing pisolith

was rolled about by cwrremts or waves, The first few layers are usually
irregular, following the outline of the mueleus. In a2 mwber of examples
(for instance the pisolith marited(y) in Plate VITI) a group of “cores",

each with Lts system of concentrie layers, shows that a pisolith in its
early growth coalesced with one or more neighbours to form a common
muelevs about which continued growth has formed a single, larger individual,

Fexruginous eoncretions

A large variety of concretionary ferruginous bodies is found in the
Basal Cretaceous Sandstone, Some, occurring as irregular sheets of impure
hasmatite roughly concordant with the bedding, may represent ancient
topographic surfaces where iron-bearing ground water, evaporating after rising
through the capillary spaces of the sand, deposited a ferruginous crust.
Others, filling joint systems, may have originated in recent times by
depogition in the zone of axidation above the grownd water table. The
exposure illustrated in Plate Ib shows shallow cracks in the surface of a
sandstone bed filled with fine-grained, coherent ferruginous material:
possibly fossil mud cracks, Most of the concretions however are of more
compact form, either indistinet pseudomorphs after wood fragments or, more
frequently, nasses of irregular shape which may or may not have replaced
other materials, When broicen they quite commonly reveal a nucleus of pyrite,
implying that they have grown from accwmlations of this mineral by axidation.
Pyrite concxetions are frequently found associated with lignite, which

L
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evidently has protected them against cccidation.

2.7 Ligiite wnd smiry fossil rensing

Plant remains are common throughbut the formation. In the medium-
to coarse-gridined sands they are generally preserved as ferruginous
psendomorphs {see mbove, 2.8), but in silty and argillaceous beds
of fering protectin against oxidation lignite is found, occasionally
(a® at Rgebdime) in quantities that have in the past encouraged an
explol tation which, unfortunately, did not prove profitable. Well-
preserved femn [ronds are sometimes found with these lignibes, and
oceagionally mvser, the latter having been recovered as well-formed
dreplets near the quarries of Homsiyeh (Jesszine), accompanied by the
fresh~ or brickl sievater pelecypod Unio. It has been reported from the
University of Tibingen, where samples of the amber are now being studied,
that. it contucine an insect fawna,

nark, well-lsminated shales ccewr in a number of localities: those
at Yejdel Tarciich and the Col of Zahle were found to contain ostracods,
and in addi tion ylelded appreciable guantities of oil when treated with
ether. Tn the calcareous beds were found (in addition to the remains
listed in Sectiom 2,5 above) Foraminifera, fish teeth and (near Jesszine)
Rhizocorallimm, the filled-in burrows or bore-holes of shallow-water
marine organiams. A fish tooth was also discovered in a sandstone bed

at Machnaga .

8. HLCUSSICH

5.1 Enviyomsent of deposition

The gramemetric results show that the Basal Cretacecus Sandstone
of Lebanon 1: i essentially wniform deposit, comparable in grain size



and degree of sorting with the Wubisn Sandstone of Egypt (SHUKRI and
SAID, 1945). But whereas Shukri and Said concluded that their samples repre-
sented a beach deposit, the evidence in Lebanon points to a more complex
enviroment. The occurrences of undmmaged fern frends and amber droplets
point to at least temporary or local nommarine conditions, and (though
open to question) the evidence of comtemporary land surfaces (see above,
pe 28) supports this view. The occwurrences of lignitic shales with Unio
(at Jemzine) and of oil-bearing shales with ostracods (Col of Zahle and
Mejdel Tarchich) are suggestive of trackish lagoons, some of them with
well-developed suxinic bottom conditions; the predominance of kaolinite
in the samples taken from arglillacecus beds (see Table IIT) might mean
either a continental or a euxinic marine enviromment, but its occurrence
in the arenaceous samples as well points rather to the former. Finally
the carbonate beds with their varied evidence of marine conditions:
glauconite, fish teeth, oysters and echincid spines: bear infrequent but
mequivecal witness to the presence of the sea,

KANAAN contludes on the basis of sedimentary structures and facies
varistions that the Basal Cretaceous Sandstone is a fluvio-deltaic
deposit. This interpretation is in good agreement with the ambivalent
character of the formation rewealed by the present study, but meets with
difficulties when we look for something of the general sedimentological
pattem traditionally expected of deltas. Tn an ideal delta we might expect,
in working down a vertical section at a given locality, to observe at
mm”mmmmmﬁruunmumthumu
associated with owr progress from topset through foreset to bottomset
strata: above all a tendency towards finer grain sizes and more frankly
marine deposits, Although a swplementary study of the Aghmid section
(see Appendix) did show a negative correlation between grain-size and
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depth below the top of the formation, this could not be confirmed
satisfactorily at any of the remaining six localities sampled, some

of which even showed a positive correlationj and for the rest it camnot
be claimed that any coherent facies trends are observable.

This spparent lack of organizatiom need not deter us, however, if
it i3 remambered that we have to congider the development of a delta,
not in tamms of a stationary sea level, out against the background of a
marine transgression. The succession of beds at any point now becomes
purely a natter of competition between subsidence and sedimentation: and
although in the extreme landward and sesward parts of the delta intact
sequerces of topsets and bottomsets (respectively) may be maintained,
the region in between may present almost any imaginable succession of
deposits (subaerial and subagueous) intexrfingering with one another or
separated by minor unconformities. TWEMHOIEL (1928), in his classie
treatise, gives a good illustration (fige 58, p. 598) of this type of
sitaation, and cites as an example the (odl Measures of Indiana.

Tris picture of a growing delta im a rising sea, with now one, now
the other in temporary ascendancy, is superimposed on a larger one in
which the transgression slowly gaims on the sedimentary pile, finally
overwelming it and beginning anothexr era of carbonate deposition
heralded by neritic limestones and, loeally, the pisoliths, The almost
total absence aremglomuul) mmMmWorwm

. " 0

1)
qulmlmglomausminthnndxhbmuhoodormnml
cp. footnote on p. 2.
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bespeaks a flat shore and hinterland, and there is evidence (see

KAMNAAN, 1966) that the climate was warm and humids we may picture a

seascape of wide, nearly horigontal beaches swept by the breakers of

the Tethys, whosa tides must have been many times ampler than those of

the Mediterranean. Through the gemtly shelving hinterland a river system
flows slowly over a great flood plain on which grows a rich sylvan vegetation.
Sand bars formed by the waves enclose lagoons of brackish water. At other
times the sea, encroaching on the delta, tears up its surface to sort and
redi stribute the alluvium with each ebb tide, carrying the fine material

away %o form of {fshore deposits.

A curious feabure of the current-bedded layers described by Kanaan
is the unusually shaxp contact of the foresets of each bed with the
truncated top of the bed beneath. Tana'an considers whether this might be
expleined by high current velocities: a condition unlikely to obtain very
often in the distributaries of a celta above high water mark, Xanaan's
studies also show that the transporting currents have flowed in a generally
westerly direction: uhereas considering the situation of Lebanon with
respect to the Arabo-fubimn shield as a whole, it would seem more reascnable
to expect the rivers to have flowed northwerd. But i€ the current bedding
was laid down, not bty the rivers which transported the sand from the
interior but by the ebtb tides of a sea lying to the west, both these

paradoxes disappear.

Se% liedium of transportation

Wbhen we tum to consider the possible agents of transportation from
the source ares, the direct evidente seems meagre, True, if there was a
delia there pust have been a river; but it would be reassuring to have

L B J
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some independent confirmation of this. {anaan has explained the cross~
bedding of the sands in terms of fluwvial deposition; but having suggested
that tidal cwrrents are more likely to have been responsible, we can hardly
appeal to his arguments now that we are in need of a river., Sand grains
are notoriously equivocal about how tley were transported, as a study of
sedinentolozical literature readily shows, We are moreover here confronted
with deposiis of which a considerable part is likely to have been modified
by the action of waves on the sea shore: the treatment to which it is no
doubt largely indebted for its excellent sorting characteristies. Two
indications of fluvial transport are worth mentioning: 1) the largest fraction
of the sand (> 5.4 mm), though quantitatively unimportant, contains grains
as much as 7 mm in diameter: a larger size than could normally be carried
by wind over appreciable distances but could very well be transported by
traction in m mature river at flood time; 2) the deposits of well-sorted,
angular material referred to om p. 20 suggest river-transported sands that
escaped reworking by the sea, perhaps by burial in the delta topsets to a
denth that placed them beyond the reach of the transgressive waves when
these regained ascendancy over the land,

The difficulty of finding direct evidence on transportation is added
to by the probability, as will be seen below, that these sards are themselves

derived

/from a pre-existing sandstone fourmation,

8.5 Provensnce

Mineralogicdlly, the Basal Cretaceous Sandstone is characteriszed by
the absence of unstable components. Quartz is the only major detrital
constituent; and tourmaline malces up €0 percent of the heavy mineral

L I



fraction, followed by zircon and rutile, © percent each. Chlorite is the
only mineral present in appreciable quantities whose stability leaves
anything to be desired, and it is doubtful whether this was really
transported or derived from local basaltic volcanism contemporaneous
with the sands.

The absence of unstable minerals might be due to prolonged working
by waves in a littoral enviromment; but in that case we should look for
a more varied heavy mineral fraction in those parts of the deposit which
clearly have not been on the beach: for example the lignitiferous sands.
We are thus hft/:lfe ﬁlrfg:fogim composition in relation to the medium
of transportation and the source rocks, Whilst there is no doubt that
prolonged transportation by rivers can result in very considerable
attrition of feldspar grains, amphiboles and other relatively unstable
compenents, it i3 not usual for these to be eliminated completely in one
cycls of erosion. The dune sands of the !etherlands, for instance, though
transported ofer the length of the Rhine, contain a much richer assortment
of accessory minerals (ter MEULEN, wnpublished work) than is the case here.
Tt is commonly believed that the sands of lLebanon have their origin in the
metanorphic recks of the Arabo-Hubian shield: a perfectly reasonable
supposition, considering the geographical and tectonic relations of the
two areas. "ut 1f these sands were first generation derivatives of the
shisld, should we not expect to find at least some feldspars among the
quartz and some amphiboles among the heavy minerals? In all the material
m(wmmmawﬁ,Mhmmm) were found only
two grains of alkali feldspar and less than ten of basaltie hornblende.

We might therefore consider the possidility of indirect derivation from
the Arabian shield by erosion of some intermediate deposit: Kanaan has suggested
a sand desert dispersed by a change of climate from dry to wet. Might not

LI I
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an older part of the Naubian Sandstone itself have been this "intermediate
source"! BENDER (1863) describes the Cambrian sandstones of Quweira in

southern Jordan as conbaining gravels and beds of arkose; the principal
heavy minerals are zireon, hornblende, tourmaline and rutile: here are
more of the characteristics we should expect of a deposit directly derived
from the metamorphic shield, on which, indeed, the formation lies in
direct contact. LILLICK's (1964) work on the E coast of the Dead Sea
describes rocks of assentially similar W. Lower Cretaceous sands
are present in both these areas, making it unlikely that they provided
naterial for the Rasal Cretaceous Sands of Lebanonj but £ of Damiye Tridge
in the Jordan Valley (AVINMELICH ' 1945, cited by FURDON, 1959) Nathonian
limestones of the lZarga Uroup are coversd by Cenomanian marls, A more
attentive study of this disconformity might reveal a pessidle source of
our 3asal Crebaceous Sandstone; the present politico-military scituation
requires the postponement of this till happier times.
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Plate I

A

White clay p#llets, Possible weathering products
of felspar grains, Section of Beskinta, x$e

Mud cracks associated with an old soil profile,
Section of Ma'aser Ech-Chouf,

Looking northward from Dowma, Basalt flows lying
disconformably on Jurassic limestone and covered
in turn by sandstone of the Lower cretacecus,



Plate II

b,

Sandstone with carbonate detrital grains,
(the greyish grains in the picture). Upper
part of the section of Qoubbai.

Snpl. No. 22. x4,

Sandstone showing relatively coarse sub-
rounded to subangular grains and ferruginous
cement,

Sample No, 16, Section of Peskinta, x15.

Sandstone showing rounded coarse and angular
fine grains with ferruginous cement and cal-
citic veins,

Sample No, 27. Section of Aghmid, x15.



PLATE 1




[

PLATE




by

de

Very fine sand and silt laminations bedded with
Lignite, showing a pattern of differential compac-
tion,

No

Sm N ].9I Beskinta section, x4,

Same sample as above enlarged to show the rela-
tion of the silt to the lignite and bedding. x50,

Same sample as above enlarged showing sand-silt
;ohtion. x30,

Fine sand, Angular well sorted grains
Sample No., 1, base of Beskinta section., x15.



PLATE 1lI




b,

a,

Badly sorted quartz sand showing variations
in rounding, One grain shows acicular inclusions,
Sample Yo, 31D, Aghmid section. x50,

From sane sample as above: proportionately less
cement. Note ferruginous Oolite, lower left.,
:dD- d

A towrmaline grain showing fractures and rounding.
Sample Wo, 11B., Beskinta section. x30.

Rhombohedral cleavage of a quartz grain, Cleavage
planes filled with iron oxide (see text p. 20).
Sample Wo, 11B, Beskinta section. x30,.



PLATE IV




Plate V

2. Fossiliferous sands with oysters and Perna

be

Ca

etc, Above the pisoliths of Jezzin,

Sample No. 178, x23,

Limestone with echinoid spines and other fossil
remains, Bottom of Beskinta section,

Sample Ko, 2y %R0,

Fossiliferous silicified sandy limestone with
forams from the upper part of the section of
Qoubbai,

Sample No, 22, x50,




PLATEY'




PLATE VI




PLATE VII




Plate VI

be

Limestone with veriform structure of Glauconite,

g% No. zg near the base of the section of
e - .

Limestone with calcitie glauconitie spherulites
of Uolitic dimensions, The slide also shows
some rather fine boreholes and a few quarts
grains,

S%le No, SI near the base of the section at
e . .

¢+ Limestone with more of quartz grains than (b).

Sample No, 4, just above sample 3, Beskinta, x15,




Plate VII

ba

Ce

de

Pisolith showing caleitic core and asymmetrical
growth of concentric rings, The cors is probably
& redrystallized shell fragment,

Sample No, 29, top of the section of Aghmid, x15,

Pisolith with the carophytoid core, The section
mw:}umcmmrwngmm(mm
Pe 26),

Sample No, 26, top of Aghmid section, x15,

Pisolith with Lirge irregular core and lobate growth
layers, GSand graing in contact with ocuter part of
the pisolith have smbedded themselves in the peri-
fery by solution of the calcite,

Sample No, 29, top of Aghmid section, x15,

A Ferruginized pisolith with remnants of calecite
left shown as rings of white specks in the dark
body of the pisolith. Sand grains are aligned
round the pisolith but have not penetrated it.

a’.‘ No, B1D, hghmid, mi.



Plate VIII

a, Pisoliths of different shapes and sizes in a
matrix of sand grains cemented with iron oxide.
(A) 4ndicates two coalesced cores at the micro=
stage of development,

Sample No, 29, Aghmid section. x23.
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LEGEND
FOR ALL STRATIGRAPHIC_SECTIONS IN TEXT

PLATE [AV]

EANER  CONGLOMERATE

SANDSTONE

ARGILLACEOUS SANDSTONE

R MARLY SANMSTONE

PISOLITIC SANDSTONE

SANDSTONE WITH PYRITE NODULES

Fz=mn]  SMNDSTONE WITH CARBOMOLEOUS MATERIAL

==3 (U N SHALES

S== Loms
o T

5 LIMESTONES
OOLITIC LIMESTONE

SANDY LIMESTONES

G VOLOWNICS - SASALT, TOFF, CHLLATE CLAYS
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Plate XTIT VIRKTIGRAPHIC. SECTIN
' “RASAL CRETACEDUS SAMDJTOMES OF LENTAML LEBANON
LOCALITY IF QARTABA

8Y F.M KAMA'AN £ 5.5. WAKIM, SUMMER 1945
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Plate XI¥

STRAT|6fA
“LAAL CRETALEOUS SMMSTONES” OF (ENTRAL LEBANON
LOCALLTY OF QATTIN

BY F M. BANAAN £ 5 6. WAKIM, SUMMER |165

PLATE [X1x ]

Unit No.

—ata- APTIEN

l‘é---g Sample No.

— SANDSTONE

R O — SMISTONE

: H e — SINMTINE
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STRATIGRPHIC  SECTION

“BASAL CRETACEOUS SANDSTONES® OF CENTRAL LEBANON

LOCALATY OF  AIN-TOURM

BY F- M. AAKAAN £ 6.5. WAKIM, SUMMER, 1965

Sample No.
Unit No.

PLATE [X K]

bo 70
——b'-_n—::b

5;

~s=te- APTIEN

“BASAL  CRETACEOUS SANDSTONES”

. L

-

7

Tt

Fo'sy

125

126

Iﬂ_—®
128

30

131 T

,'m——@

775—© —_SANDSTONE
———@ — SANDSTONE

i GRERT
I: 23 —— SANLSTONE
21 R
22

123
123 & —— SANDSTONE

—— SANDSTONE
— SANDSTONE

— SANDSTONE

— SANDSTONE

e el ol

I i i

FYSSSTN .

r———

M ale e '

- o



“Plate XVI

STRATIGRAPHIC SECTION

“BASAL LRETALEOUS SANDSTONES® OF CENTRAL LEGANON
LOCALITY OF JOURET EL-TORMOS

BY F M. KANAAN £ S.6. WAKIM , SOMMER, 1965
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