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ABSTRACT

Mesoscopic fractures within and area af abott 230 sq. km. sdjacent to
Ad-dawedimi city constitute three sysiems; Ji, J2 and J3 comprising six
sets. J1 trends generally NEE gnd has two sets that ere either parelich ar
including small horlzontel dihedral angle. 13 is elmost npormal (o J1 and
has two seis with the same conditlons. J2 consists of rwb scts striking
diagonally ta J1 and J3 and including horizopta! dihedral nogle,
epproximate nverags; 33° to 70°, in between and around J1. The fraciures
cut through Precambrian rocks.

Photographic lingalions within an area of abouot 2100 sg. Km. including
the previous area are anplysed. They ehow preferred directions to NNE,
NE, E and SEE. Such trends are well cormelated to J1 and JZ but pgorly
correlated to 13, Local differences in the preferred directions ere related to
varighls mulu-siress directiors probebly originated from the tensionz]
character of the old magmatiam within this part of the Arabiap ghicld.

Fractures Lo the studied area are relzied (o two eplsods The earlier one
developed mufidireclonal tensional fractures mosily filled by dyke
intrusicos. The mucceeding episode, probebly caused by NEE-SWW
comppression, led to the formetion of the six sels of fraciures related mostly
10 It, J2 and J3
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1% TN DUCTIGN

The smudied aren occuis ut the exireme eascerm paris of the Arabian
shie!d, including the ciy of Ad-dawadimi et its northern parts (Fig. 1), I is
bounded by the longitudss 447 fl & 44° 33 E, and the latitudes 24° 19 & 24¢
10 N, camprlsing ebour 2100 gg. Km. The air photographic linear featurcs
wre siudied within the whols arey, inside dashed line reciangls in Fipure
I = b, while the mesotopic fractures are studied in the field within a part
of the'arca, mostly rectangle B of Figure 5.

The genzral geology of the area, after Bramkamp 1 al (1963), i= shown
In Figure | = b, {nelasic granite covers most of the area, en amphiboiite
complex forma a block of e boss dimenslons and chlorite and sericite shist
eppsars et Lhe eastern and western borders of the studled grea, Numerous
dykes cur the area.

Twao Precambrian orogaile ¢ydes affected the region, named by Brawn
(1970 & 1971) as Higar end Najd orogenies. The older ane ""Higaz' was
dominated hy ea@ west compresslon giving north - nonheasterly to
meridional structural belts {folds and faults, locally overthrust beds). The
succeeding and parially overlapping orogeny *'Ngjd"’ is distinguished by a
change In direction of pressure giving rise to northwest suike - slip faul's
{Flg. 2).

Etoeser and Camp (1984) divide the Aratnan shield into five microplates
(rerranes) separated by four suture zonss. The studied area oeours within
the Al Amar suture zone (Fig. 2) that separates the two microplates named
Ar Rayn to the cast and Aff 1o the west of it. Collision between them
resutied in widespread *670 - 360’ Masynorogenic plutonism (Clavez and
others 1983) with & NNW linear paitern, appraximats trend of which is
abowl NI3s°.
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Fig-1-ailocation map of the studied area biGeneral geology
of the region inclugding the sludied area {inside dashed
line rectangle): am;amphibeclite,gn gneissic granite.
scischisl and —/i dykes [after Bramkamp et al 1383}



Fig, 2-Regional fraciures,mestly transcurienl laults culling Ihe Arabian
shield adjacent 1o the projec area s [ Arabian ghield ,

A arabian shell  and[E] Quaternary {Afler Brown 1371)
B trogenie belt of &l Amar suture within ihe shield (alier Sloeser

and Camp 1984)

Flg. 3-A;Meen slries ol (he mesofratiures measured in the 1ield,
[ amphibelite, [Jgranite, BiPale contour diagtam of
these tractures 169 potes, TRl ; > 9-3% . THM . 37k te B3
[M:0.6% 1o 3% and s £,0.6% ,CiMean planss of the

mazima -ghown in B
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MESOSCOPIC FRACTURES

Fracture cleavage, Join's, minor faults and fraciure filled by rock and
mineral dvkes are measured, dip and strike, and noniced in the field ar
twenty stations (Fig. 3}. The siations occur mostly within rectangle B of
Figure 5 which is relatively rich by photographic lincations. Fracture
clsavage arc almost well developed in the dyke infrusions, parallel to the
walls of the dykes or slighily inclined (P1. 1-- A). They are considered here
21 defized by Speneer (1977) as closely spaced parellel joints and fractures.
The density of them in the studied arcs reached $0 planes within one meter
length normal te fracture planes.

The jointing reng=s from small planes cutting for small verlical
distances; usuvally less than § meters, and medium size joints, roughly
between 5 and 15 meters vertical length to master joints extending for more
than 20 maters. The density varies fram 50 per 10 meters length pormal to
the joint planes for smaller joints 10 5§ or even lesy for the master joints.

The mesoscopic fractures exist mostly as vertical 1o subvertical planes.,
Some  fractures were opened and filled by igneous dykes or by
hydrothermal minerals (P1. 1—-B), such fraciures are considered es
extension fracturcs. Those that arc straight, tight end usually without
filling maierialy are considercd as shear fractures. They exist in the studicd
erca in two sets (J2a and I2b) comprising horizontal acute angle of about
40° (o 807 In between, the biscowrix of which 'trends NBE - SW'W (Fig.
3=C), Fracture cleavegs arc developed alse parallel to them (P1. F—A).

Six sets of fractures (Fig. 3 - A) are distinguished by ficld measurcmcuts.
The poles of the {raciure planes projecied on the lower hemisphere equal
area Schmlde net and contoured by the Schmidt grid method (Fig. 3~B &
- C) show also six maxima comperable to (ield sety. Azimuthal directions,
elockwise from M (o B, of the mean fracture plancs of each set a3 delecied
by both ficld measurernents and pole contour diagram ere showo in Table
1, elassifled under the three systems 31, J2 and J3, cach includes two seis; 8
and b.
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Tabfe 1 : Meun planes for the Traciure sels
of Lthe siudied area.

Treod
Syentem Ne| : i
Fleld duorta Polg maylma
T Jla MOS0 E NO%9* E
Hhb U735 are
12 JZa OO 47
I2h G 13
I3 BER- 145 155
NN ) 165 I

J1 is almost normal to J3 (Fig. 3- C) and the two sets forming each af
themn are either parallel or comprising small dihedral horimontal angle in
hetween (Fig. 1). Both are inlerpreted as extension (ragures. Some of these
fractures were MNiled by igneous rocks and minerals, later cut by younger
trends of 11, J2 and J3. Younger fractures of 11 and 13 are almost barren,
sliphtly opened and saometimes irngelar with matching margins.

In order to distinguish the older extensional trends, an azimuh
frequency diagram (Fig. 4— B) is plotied for the mesoscopic and larger
dvkes, approximately within the arsa of ficld mcasuremenis (Fig, 4— A).
This diagram shows that the dykes are mostly diffused within a broad
azimuthal arca between NE dockwise o SEE including three preferred
irendy; (MO0 — 0407), (NO30° — 063°) and (KOSG° - 110°) which are
subparalle! 1o 12 a, M and J2 b respectively, They almost reflect dircciions
of old tension fraciures with local stress varialions. El— Ewr (1971}
discussed a similar problem, He stared thaipnce a tension set of fractures is
filled by dyke ntrusions it cezses to acl ay channel ways for further
injeciions anymore, This leads to logal changes of stress onenietion
allowing the devlopment of new set of tension frectiurssaronnddifiercnt
trend. These multidirectional older cxtension fractures were almost
supcrimposed by younger systematic scts of mesoscopic fraciures of the
systems J1, J2 and J3.
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of rectangle B

diagram for

Fig. 4-A:Dyke tinealions .nearly for area

of Figure 5,B;Azimuth {requency

\hese lineations



The nonSwesiers e . o arnke=ship fuulis (Figo 23, Raving
approxinuately the penersi tvoe NI3EP, do not show good correltation
with any of the idenufled sets of tractures. Detter correlation is obtained if
considering the NNW linear partern related to the Al Amar suture zone
{Fig. Ty and trending approximately N155". This trend may be considered
roughly us paraliel to the acute bisectrix of the angle beiween J3aand J3 b,
J1 is gencraliy normal to it. The normal to this trend may be considered as
the acute bisecrrix between the two conjugate sets J2 a and J2b, the mean
of the acute angle in between ranges between 55 and 70°.

A compressional stress trending NNW - SS8E {nearly W037.5°), as
indicated by the two arrows in Figure 3 - C, geting more probably afier the
granditoid emplacement; conternporaneous and probably elso after
injection of the dykes, is proposed as responsible for the Identified three
systems. The model presented by Price (1966, p. 144) supports this view,
Such stress is responsible for J1 {tension) parallel w it, J3 (tension) normal
to it and for the two shear fracture seis of J2 oblique on both sides of it.

ATRPHOTO LINEATIONS

Uncontrelled mosaic for the studied arca is built by acnmal vertical
photographs of average scale 1 to 80.000. Linear fedtures of the arca are
plotted osing this mosaic. About obe thousand of such features are
distinguished (Fig. 5). They include dyke ridges, fraciures without
injections, linear vallcys, scarps, tonal variations, end lingars separaling
geologic features of different texiuvres. The area is almaost dry and barren
without vegetation lincaments.

In order to cbtain a homogeneity in the prepared orientation diagrems,
the area fs subdivided into 8 rectangles and an azimuth frequency dia'gram
is built for each one (Fig. €). The castern halves of the diagrams represent
the lengih percentages of total lneaiians within arimuwhal classes of 10°
from the sum lengths of lineatlons in each rectangle while the western
kalves represent the corresponding number percentages.

The plotted lingar festures are almost microlinears, below 2 Km. in

Iength, anly about 5% from the toval number of lincars exceeds 2 Km. and
vp t0 5 Km. in length.
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Fig. 6= Azimuth- Frequency diagramsih 10 H represent .the lineation of the

responding exght rectangles of Flgure 5,7 14 & summgation disgram, .




Preferred directions appearcd on the asimuih frequency diauros are
generally io NNE, ME, E and SEF {Fig. 6} with slight local vanauons. A
preferred trend 1o nomh appears only in rectangle D The lenmh
percentages of all the maxima are almost slightly larger than the
corresponding number percentages. either bath are nearly equal. This may
denote that they prabably reflect mesoscopic Lo reginmal fractures rather
than microfraciures and jorms.

Mearly &l the preferred trends bave diffused lincations forming smaller
maxima.eround ft, sometimes of considerable frequencics as shown in the
reclangles A & F, Figure 6. They represent local scatiered mesascopic
frectures subparallel to 1he adjacent preferred trends.

Preferred trends that may be regarded a3 being represented locally as
well a5 regionally are those in NE; (NO3D® — 040°) and (NO4O® - 060%)
and SEE; (N10Q0® — 120*) and (N120° — 130°) directions.

The summarion diagram (Fig. 6 1) representing al! the Lineations in the
area shows preferred trends in NE; (NO40° — §30°), E; (NOBD® — 090%)
and SEE; (N100% -~ 110°}.

LINEATIONS AND FRACTUREN

Comparing the photographic lineations with the fracture sets obtained
by Meld measurements, expecially those of rectang!= B of Figure %, in which
field measurements were focused, the preferred lincation trends are almost
subparallel to the four sets of fraciures forming IT and J2. I3 has no
comparable lineation predominant trend. Most of the lincalions have
probably developed along older trends of JI and J2; Precambrian
multidirectional tensional fractures, while younger trends of them together
with J3 are not ye1 expressed topegraphically obviously as Lthe older ones,
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FLATE]

Fragture cleavage culling through thick bhasic igneous
dyke and exisling in twe scis, J2a, approximately normal
to the plane of the phatographk and J2b. slightly oblique
on this plane. the hammer resrs on a surrace of J2b.

Extension fractures (J3) fiffed by 1hin hydrothermal
mineral vienfets.



PLATE 1
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