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ABSTRACT

Mesoscopic fractures within and area af about 250 sq. km. adjacent to
Ad-dawadimi city constitute three sysiems; Ji. J2 and I3 comprisiag sis
sets. J1 trends generally NEE end hay two sets that are either parslich or
includizg sma!l horlzontel dihedral argle. J3 15 elmost normal to 3 and
has two seis with the same conditions. J2 congists of rwh scta striking
diagonally ta J1 and I3 end including horizoma! dihedral augle,
epproximate average; 33% to 70°, in between and around J1. The fracteres
cut through Precambrian rocks.

Photographic linestions withia an area of about 2100 sq.Km. induding
the previous area are analysed. They show preferred directions to NNE,
NE, E and SEE. Such trends are well correlated to J1 and JZ but pgorly
correlated to 13, Local differenses In the preferred direczions are related to
verizsble mull-stress directions probebly orlginated from the tensionzl
characier of the ald magmatiam within this part of the Arabian whicld.

Fractures ln the studicd area are relzi=d (o two episods The earlier ane
developed mubidirectonal tensional fractures mostly filled by dyke
inttusions. The mucceeding cpisode, probebly ceused by NEE-SWW
comppireusion, led to the formation of the six sets oF fraciurey related mostly
1w Jit, J2 and J3.
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1P DUCTIGN

The studied aren ovcuis ub the extreme eascem poris of the Arabian
shie!d, including the ciy of Ad-dawadimi at lis aerthern parts (Fig. 1) W5
bounded by the longitudes 44° i & 43° 33 E, and (he fatitudes 247 19 & 24¢
18 N, camprlsing abour 2100 sg. Km. The air photographic linear featurcs
wre siudied within the whals arey, inside dashed line reciangts in Fipure
| = b, while the mesoscopic fractures are studied in the fisld within g pari
of (he arca, roostly rectangle B of Figure 5.

The gensral geology of the arca, after Bramlamp et al (1963), is shown
In Figure 1- b, {nelssic granite covers most of the area, an amphibolits
eamplex forma a block of & boss dimenslons and chiloritc and sericlie shist
eppears et Lhe eastern and western borders of the studied grea, Numerous
dykes cut the area.

Twa Precambrian oroganle eycles affected the region, named by Brown
{1970 & 1971) as Higaz end Najd orogenies. The older onie “Higdz" was
dominated hy cag west compresslon giving north - nanheasterly to
meridional structura! belts (falds and faults, locally overthrust beds), The
tucceeding and partially overlspping crogeny *‘Majd" is distinguished by a
change In direction of pressure giving rise to northwest strike - slip faulls
(Fig. 2).

Stoeser and Camp (1984) divide the Arabian shield into five microplates
{terranes) separated by four suture zones. The studied area oucurs within
the Al Amar suture zooe (Fig. 2) that separates the two microplates named
Ar Rayn to the east and Afif [0 the west of it. Collision between them
resulted in widespread 670 ~ 350° Masynorogenic plutonism {Clavez and
others 1983) with & NINW linear pattern, approximats trend of which is
aboui NI1S%°.
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Fig-1-ailoccation map of the studied area biGeneral geology
of the region including the studied area {inside dashed
line rectangle)sam;amphibolite ,gn gneissic granite.
scischisl and —/.dykes [after Bramkamp et al 13683}



Fig, 2-Regional fraciures;mostiy transcurteal laults jeulting Ihe Arabian

shisig agdjagent 1o the project area s [ Arabian ghield ,

A srabian sheil  and (] Guaternary fAller Brown 1370}
X Mrogenic belt of Al Amar sutuce within he shield (after Sloeser

;r'-d Camp 984)

Flg.3-AMesn strikes ol (he mesofraciures measuled in the lield,
!Wlﬂhggﬂnilfmﬂll’ol? contour dlagram of
these teactuers 169 poles, 3l ; 2> 5-2% . TEM . 37 1o 5a3%
[D:0-6% to 3% and [Js €0-6%CiMean planss of the
magima -shown in B
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MESQOSCOPIC FRACTURES

Fracture ¢leavage, Joinds, minor faults and fracuure fillgd by cock and
mineral dykes are measured, dip and strike, 2ivd noticed in the field ar
twenty stations {Fig. 3). The siations ocour mostly within reclangle B of
Figure 5 which is relatively rich by photographic lincations. Fracture
cleavage arc almost well develeped in the dyke infrusions, parallel to the
walls of the dykes or slighily inclined {P1. L - A). They ate considered here
a3 defined by Spencer (1977) ax closely spaced parellel joints and fractures.
The density of them in the studied arca reached 50 planes within one meter
length normal to fracture planes.

The jointing ranges from small planes ¢utting for small verlical
distances; uzually less than § meters, and medium size joints, roughly
betweeny § and 15 meters vertical length to master joinis extending for more
than 20 maters. The density varies fram 50 per 10 metera length normal te
the joint planes for smeller joints 10 5§ or even less for the master jousis.

The mesoscopic fractures exist mesily as vertical 1o subvertical planes.
Some fractures wers apenzd and filled by igneous dykes or by
tiydrothermal minerals (Pl. [—B), such fractures are considered es
extension {racturcs. Thoze that are streight, tight end usually without
flling maierials are considercd &s shear fraciures, They exist in the studicd
uree in two zeia (J2a and J2b) campritsing honizontal acute angle of about
40* (o 80" (n between, the biscourix of which ‘trends NEE - SWW (Fig.
3—C). Fracture clcavege arc developed also paraliel to them (P1. [—A).

Six sers of fragures (Fig. 3 - A) are distinguished by ficld measurcments.
The peles of the fraciure planes projected on the Jower hemisphere equal
ares Schmidi net and contoured by the Schmidt grid method (Fig. 3~B &
=) show also six maxima comparable to field sets. Azimuthal dircclions,
elockwise from N to B, of the mean fracture plancs of each set a1 detecied
by both ficld measurements and pole contour diagram ere showa in Table
1, classifled under the three systems 31, J2 and J3, cach includes two seis; 8
and b,
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J1 is almost normal to J3 (Fig. 3- C) and the two sets forming each af
themn are either parallel or comprising small dihedral horizontal angle in
hetween (Fig. 1), Both are interpreted as estension (raciures. Some of these
fractures were Niled by igneous rocks and minerals, later cut by younger
trends of 11, J2 and J3. Younger fractures of J1 and J3 ars almost barren,
slightly opened and sometimes irngelar with matching margns.

In order to distinguish the older extensional trends, an azimuwh
frequency diagram (Fig. 4— B} is plotied for the mesoscopic and larger
dvkes, approximately within the area of ficld measuremenis (Fig. 4 — A).
This diagram shows that the dykes are mostly diffused within a broad
azimuthal arca between NE diockwise o SEE including three preferred
trendy; (MO0 — 0407), (NO30° — O063°) and (NO%G° - 110°) which arc
subparallel 1o 12 a, M and J2 b respectively. They almost reflect direclions
of ol tension fractures with local stress varialions. El—Ewr (1971}
discussed a similar problem. He stazed thaionce a tension set of fractures is
filled by dyke ntrusions it cezses to acl ay channel ways for further
injeciions anymore, Thiy leads to logal changes of stress onentation
allowing the devlopment of new set of tension frecturssaronnddiffercnt
trend. These multidirectional older cxtension [raclures were almost
supcrimposed by younger systematic sets of mesoscopic fraciures of the
systems J1, J2 and J3.
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Fig. 4+ A:Dyke tineations .nearly for area of reclangle 8

of Figure SyBiazimuth frequency diagram for

\hese lineations



The nonYwesierd. e o o o ainke-ship fuulis (Fig. 1), havimg
approvimately the prigrad fvod NI3G°, do not show good correltation
with any of the idenufied sets of tractunes. Detter correlation is obtained if
considering the NNW linear pautern related to the Al Amar suture zone
{Fig. T) and trending approximatcly N155”. This Lrend may be considered
roughly us paralie] to the aeute bisecirix of the angle between J3 aand JA b,
J1 is generally normal to it. The noomal to this trend may be considered as
the acute biseerrix belween the two conjugate sets J2 8 and J2b, the mean
of the acute angle in between ranges betwesn 55" and 70°.

A compressional strews trending NNW - SSE (mearly NO37.5°), as
indicated by the two arrows in Figure 3 - €, acting more probdbly after the
granditoid emplacement; copternporaneous and probably wlso afier
igjeation of che dykes, is proposed as responsible for the Identified three
sysieins. The model preseated by Price (1966, p. 144) supports Lhis view,
Such siress is respansible for J1 {tension) parallel w it, J3 (tension) pormal
to it and for the two sheur fracture sews of 12 ablique on both sides of it.

ATRPHOTO LINEATIONS

Uncontrolled mosaic for the studied arca is buil: by aenal vertical
photographs of average scale 1 to 89.000. Lincar features of the arca are
plotted nsing this mosaic. About one thousand Of such features are
distinguished (Fig. 5. They include dyke ridges, [raciures without
igjections, lingar valleys, scarps, tonal variations, end lingars separating
geologic features of differcit texturcs. The area is almost dry and barren
without vegetation lineamenis

In order to obtain a homegeneiy in the prepared grienwation diqnmx
the area fs subdivided into 8 rectangles and an azimuth frequency daagrnm
is built for zach one (Fig. 6). The castern halves of the diagrams represent
the lengih percentages of tota! linzatians within azimuthad classes of (0°
from the sum lengths of lineatlons io each rectangle whilz the western
kalves represent the corresponding number percentages.

The platted lingar festures are almost microlincars; below 2 Km. in
Iength, anly about $%% from the tolal number of linears exceeds 2 Km, end
up 10 5 K. in length.
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Fig. = Azimuth- Frequency giagramsyh 10 H represent .the |inegtion of the

caresponding exght rectangies ol Flgure 5,7 13 3 summation diagram, .
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Preferred directions appearcd on the asimuth frequency diaurcs are
generally io NNE, ME, E and SEF {Fig. 6} with slight local vanatiens. A
preferred trend to romh appears only in rectangle D. The lengh
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 mesoscopi 1o regirnal fractures rether
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 subparallc] to the adjacent preferred trends.

Preferred trends that may be regarded as being represented locally as
well a5 regionally are those in NE; (N03D° — 040°) and (NO40° - 060°)
and SEE; (N100® — 120*) end (N120° — 130°) dircctions.

The summarion diagram (Fig. 6 1) representing all the lineations in the
area shows preferred trends in NE; (NO40® — 030°), E; (NORD® - 090°)
and SEE; (N100® -~ 110°}.

LINEATIONS AMD FRACTURES

Comparing the photographic lineatlons with the fracture sets obtained
by Meld measurements, especially those of rectang!s B of Figure %, in which
field measurements were focused, 1the preferred lincation trends are almost
subparallel to the four sets of fractures forming IT and J2. I3 has no
comparable lineation predominant trend. Most of the lincalions haye
probably developed along older trends of J1I and J2; Precambrian
multidirectional tensional fractures, while younger trends of them together
with J3 are not yoi expressed topegraphically obviously as the older ones,
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FLATE ]

Fragture cleavage culting through thick basic igneous
dyke and exisling in twe scis, J2a, approximately normal
to the plane of the phaographk and J2b. slightly oblique
on this plane. the hammer resis on a surrace of J2b.

Extension fractures (J3) fiffed by thin hydrothermal
mineral vienfets.
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