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ABSTRACT

This paper deals with the planimetne shapes and areas of theRuelITenes
Form ry Al-Harra'wiand ke phenomena, together with their distribution
and grientation. The arabic name «Harras, «Harrah», or «Harrat», plural
WAL Laaniat L8 s refered 1o the nearly fat area covered by black 1o dark
grey s oleanic ernplions rosty of late Temizry 10 Quaternary periads. They
ovccuny a total area of aboue 101, 127.8 lm:'l2 throughout the territories of
Saudi Arahna and Yemen, coneenrrated mawndy near the Red Sca coast, The
snes st lences predominale by dength and nuimber in directions parallel
po ke axis o the Red Sea and oy divevton melined by aeute angels, up o
w307, v the gast gnud wesl of ik,

The oceorsenges range, in planimetric ared, from few 1o morye than
200 inR kmz. accordinely they are glassified into «ix size eateponies; huge
veel: seitees gl TIOO00D km® asd morch, hig {less than 10,000 re 5,000 kaL
unedivn fless than SO0 1w 1,000 Iv:m:‘.i, serrall fless than 1000 Lo HIO k™,
minor (less it 10w 10 kmzl. and Lhe Mine caregory (iess than 10 kmz}.
Oueureaces are alse differentiated according (o their planimetnic shupes
imio three main types, lengitudinag!; in which the lengih is more than 1.5
times he breadih, reciangular; length between 1.5 and 3.5 times breadth,
ard gyguwdimentional. Other twyr shapes, stellsr and Fan shaped, aie also
dirigimched, Maost of the occurrencesbelong to the recrangular type.

Two extensive aregs of intersive regional Terbam-Quaternary «alcanic
activily are ouilined throughout Arabian Peminsgla; ang covening more
thgn 66,000 km* in the provitwes of Al-Madingh, Makksh, and Ha'il
(Saudl Arabia}, and the secnnd spreading over more 1han 45,4 I:mz in
northern Suudi Araba sed neighbouning countries,

Fow cngumoiees are Ffound within the extreme snurhwest of Saedi Arabia.
Mainy ocourreacesare scartered through Morthern Yemen and the western
part of Southern ¥Yemen. Along the Gulf of Aden coast, nocurrences are
coneenrrarted within Four arcas brow Bab El-Mandab annil hibal Assud to

the vast.

THRe o it b aeo terencvs i Yenwn territory as o w hote do nol exceed the
medium sice while thosc i Saudi Arabia reach up 1o the hoge =ize,
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INTRODUCTION

Yolcanic activity in the Arabian Peninsula had increased through the
Tertiary and Quaternary perinds [ Beydoun 19848, Brown 1970, and Cel-
eman e gl . §970-7% ) covenng vast areas ¢specially in western parts of the
peninsula pear the Red Sea . Historic eruptivns has alsu been reported in
south western Syria, in western Saudi Ardkia, iseY emon, and in Palestine .
Teruzary and Quaternary eruprions gonstiiule mmuy'ﬁulﬁﬁurm'm and like
phenamena in Saudi Arabia and Yemen ( northern and southern } . about
sixreen names of Al Harra'al are written in the regional maps of the siudied
territgries f Figs. | & 2 ), but oo much local pames are mentioned in the
historical and geographival arabic books and dicuonaries { Al-Andalusy
1947, Al Hamawy 1936, Al Balady 1978, Al-Gasir 1951 .. eic ) in which
muore than eighiy local names are wennoned just with their arbirrany locs-
wons . The same Harra may have mwore 1han ane name and/or keyveral
warnes tor vach pan of it e such publicalion,

Alkgline baszlic rocks, especiglly alkali cliving hesalt, are the main
conshilunis oF Al Elorratwand like phenoinena {(Coleman et al. 197075,
Abed 1977, AlSuyard and Zotle 1978, they are aimost [resh 1o weakly
aliered dark Hue gramed voleanie rocks. The original rugged smrfaces of
erupkions are ingintuined in some cxposures (Abo-AlHagyag 1982).

Tl paper deals with general dueiributon, orentuiion, area, and shape
uf Al-Harra's snd like phenemens. The “like pheuomena'” comprise such
eeeurrences Lhat are sitnilar ra ARRLara’sl, as shown in the regional
poodapic maps, but are either pameless or with other nomes than
Harrah™ The term “Al-Harea ay " 'wil| beused here as aogTuding such oc-
cirrenged, Hundred and thirty nine occutrences are iraced from the
recional maps of the peainsila, rainly that of | ; 2,000,000 (Brown and
others 1963}, They are numbered serially as shown in figures 1 & 2 aind
table 1. The leitz A8 M. * haage Analyvis System s used for meusuring
the areas of aceurrences.

DISTRIBUTION AND ORIFATATION

AlHarrs’al oceur mostly in the western sewtor of the sivdicd regions
near the Red Sea coast (Figs, | & 2). Most of the bigger peenmences cxist in
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the basement complex of the Arabian shield especially of Sauli Arabia, of
which about 79,000 km? are covered by Al-Harra'at.

This area represcrts about 83% from the sum area of AkHarra'at in
Saudi Argbia and Yemen. The rest 17% is scatiered mainly through the
northwestern and southeastern parts of the studied terntories, where they
vverlay Eocene and Miocene sedimentary rocks (Brown and others 1963).
Smaller ogcurrences are slmosl scatcered around or between Lhe bigger
enics 35 in Saudi Arzbia (Fig. 1), oveasianally they are concentrated in
separated arcas like that of jibal As<ud that comtuin 22 accurrences and
fabal As-Sawda (hat corrain § oerurrences, both areas oceur in Yenien
rerricory (Fig. 2).

The central parts of the Aratian shicld comprise vast urens of
Al-Harra'at, {akoutl % from the sunl), forming oceurmences more ot less
close togcther. They miay have been originally bigger or even iwiee tir
prresene wreas and most probably conneaied togerher. This indicaies an in-
fensive Terinry-Quaternary voleanic acrivity in tiis segior which fncludes
the regivas of Al-Mudineh, Makkah, and parts of Ma'l (Fig. 6). Arab
histonars repenzd also a velesnic hisiarie eruplion in the exiceme pur
ther part of Rahal Harra ar the easterm part of A-Madinali (P.1.1). This
erophien fowk pluce during 1256 A.D. {(Abhed 19770, Another wrea of inten-
vy Terivuiy- Quutenary volcanic eruptiuns is that oucupicd by Al-Marruh;
a huge depurrenee coseng the extreme nerthern part of Saudi Arabia (Fig,
€ und eatending throngh Jordan (Abed 19432) and Syua i ALLEgl 1974) with
it total arca of more than 45,000 kmi2.  This Haira is shown in few regional
maps (Siv Julian Huxley 1978) as exiending also inta western [rag,

Musb of Al-Har a' st ace i the plan vicw of lewssodinal and fectangnlir
types (Fig. 7-a & -b) with their long axes paratlel 1o subpamllel to the axiy
of the Red Sea. The kengrhs and directions of cighieen principal axes (the
fongest axiy of each occurrence {higs. | & 2%, are measured snd plotted in
arimuthal freguency diagrams (Fig. 3-a & ). Arerage length of such axes
iv ahout 105 km. The linear trends developed by the arrangement of the
wleanic peaks, ploved on the toparraphic and geologic maps of the
perinsula dmvide AlHarratar, are considered ac structural axes or
lineamenis {Figs. | & 2). Sivicen of such axes with i crage length of aboul
Y3 kr are identified meavured and plotted by the same way (Fig. 3-b & ).
Considering, as detected from the aximu thyl diagrams of feore 3, 1hat
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o

Fig. 3=

Azmmuihal lrequency diagrams for (he axes of Al-Harraot and
like phenomengy ®
a-Lengih percentocges of ihe principal axes,

b-leagih perceniagss of the atruciural axes,

c-Lengin and number percenicoes of both prntipal ond stescturol 4
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peaks of more than 10% may indicate kical and/ or regional significance, it
is obwerved that -

a) Peuks of abour 15% to 1¥% of length and number are developed
parallel or oearly parallel to the axis of the Red Sea,

by Peaks of about 15% 1o more than 20% are developed in directions
(N-N IA°E) & {N-N 20°W) which are inclined to the axis of the Red
Seca by acule angles up to 40+, or little more, (o the east.

¢} Pyeaks inelined 1o the west of the Red Sca axis, by acute gngle up 10
gl 324, are develaped in directions (M 40° - $0° W) with leagdh
porcent of gbate T8%0 wo 28%0 and in 1N 507 - 50 Wi with about 15%
ienuth peruenl,

d) A transverse nunber pereent peak, approvimaicly normal o the axis
of the Rid %ea. is developed in NEF direction (N 707 - BU°E) as shown
in figure 3¢ with simaller length percent peak, thus reflecting a
relatvely kigher number of small elongated oceurrenccs,

€. The two peaks: (M-WIO"E} and (N 40° - 50"¥] forming conjugate
ireutiony enclesing weule angle of maximum 607 sround the axis of
the Red 5ea (Fig. 3-¢), are characterized by larger lengih percent and
smaller number percent, reflecting the fow bigger cceurmences in the
studicd termtones.

These predominant directions emphasize the interdependence betwoen
AlHarra'at volcanoes, which are mostly fissure erruprions, and the Lee-
tenic of the Red Sea. The axes of Al-Harra'st are atmast parallel to inclin-
ed by acute angle (up 1o 2bout 40%) 10 the east and wesl of the Red S2a axta
which is trending approximately N 28° W. The struciural axes are almoesi
af much harimony:with the Red Sea axis more than the principal axes.

AREA AND SHAFPE

The areas of the hundred and thirty pine ovcurrences shawn in figures }
& 2 are measured, recorded in table 1, and plotted alsw in the columnar
dingrames of figure 4. Accarding to these areas, Al-Harra'ul are classified
INto six size calcporics as follows ;

I.  Huge category, includes oceurrences of 10,000 km? or more my area. {1
contains four gocurrences in Saudi Arabia, their iotal area equals
ncarly 679 from the sum arca of oveurrences 1 the sudicd Lerriorigs.
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Rig vategory, includes areas less than 10,000 km? to $000 km?, it con-
lains two oceurrences in Saudi Arabia, with rotal arca of about 13%
fram the sum in the studicd terntories.

Medinm calegory, includes areas less than 5000 km? to 1000 km?.

Small caicgory, of areas kess than 1000 km? 1o 100 kint.
Minor alegory, of arcas fess than 100 km? 10 10 kmi.

1 ine category. inchades all the accurresces less than 10 km.

Toral argas and numbzr of owurrenees of each category with their

poiceniages are summerized m labfe 2 and plotied in the cohvinar fre-

aneney draprn of figwe 5.

i)

b

Ares o Al-Harra'ar i Samdi Arshia i< inuch bygeer (dan, alout 15
timses. that in Yemen, The huge and big eotegorics appcar only in
Sundy Arahin, both torether consnitute about 80% by arei From the
st 1 Saudi Arahia and ¥eowen termiiorics.

The winnber of occuriences in €uch catvgory is toughly piverely priw
portional 1o i area; few gecurrences comstitule the Rigecr catopones
thope, Bia, and micdine:), wlile much occurrenves woosonie the
Aot watepones fanall, miner, and finc).

The miner category camprise The Righao namber pocenl al av -
cenves, Miner and fine 1ogether constiure aboak 73% o e S
wwnker in Saudt Arahia and Yoren.
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Tabie 1

The preas of AV-Harra'st mepmured by *Leitz A5 M."
A, It Yemen rerriiory

rrrevyarpyarrbranndrd i Pl ot b bt nn e b n e u b P PP R R R VR RN AU R Rk hnhn pp fun ek Ay A A P EFETPUR PR PR

Seral  Ares Ser.  Ares  Ber. Area  Ser. Ares 'Ser. Area

gumber kwml mo. ad  do. km?® no. kofmo. ko
1 7.64 15 8080 29 TLED 43 230,857 k1]
2 114 15 11.68 30 2700 d4 51.6043 4.50
] 255 17 160 1) 47144 45 45,6049 [y 1)
4 12 13 15.84 32 5.2 a8 11. 4080 19,30
5 20 19 4.9 33 £56 47 12,3081 &7.60
[ i1z 1 9.68 34 2.7 4 6.4082 J21.XD
7 265 21 904 33 10.44 49 zﬂ.m 4.63
B 140 12 1092 35 2480 350. SR04 kL)
9 LR r k| 157 600 37 1630 3l B4 (06T .00
10 R0 24 Li.o4 33 580 52 . R IDAG 540
1] 113,20 2% 10.52 39 .8 53 338.8047 kN
12 9.20 25 1400 40 6.8 54 106 BOGH 10.69
11 7310 27 .00 4] 4.8 35 £.3069  310.40
14 275 28 4000 42 936 55 7.10

B. In Saudi Arabian terrizory ;

Fer. Arex Ser. Area  Ser. Arex  SeT. AreyBer. Ared
no. km! ne. km? oo, km® oo kmioo.  km?
70 683.00 B4 13.24 | 280.00 112 TI52.00128 .00
71 4T6.4) 8% 20140.80 9 Lo 13 R.00127 37.70
72 113240 34 26760 100 2744 114 i) 4.00
FE 125.60 &7 9080 101 10.B8 118 &.6012915227.60
4 120.80 &9 176.8 102 121.20 116 4.20130 194.68
75 1083250 &9 2636 03 55240 17 3600131 576
76 26.80 %0 5.04 104 1464 [18 [0.12132 14.80
7 1560 9! 374 105 63240 1I9 528113 2%
73 2012 92 12120 106 116384 120 550134 7400
79 4m 9 125.60 107 85120 )2 25.00135 24,88
B0 354440 M 106.00 108 4.8 12 53136 10.75
Bi 251 93 7910 109 64.80 123 7.6137 118.30
52 $4) % 09540 110 26960 124 B.72128  15.80
1 626400 97 2168220 111 44.80 128 7.64139 113.60
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Agnimelnc shapes of Al-Horreat and bke phenomena;a & g;
longitudinaol ,b,reciongutlar.c, sieflar and fon shape,and d,
rounded to polygonal eguidimentionagl. Side Branches{stppled
paris),rapecially of e large cccusrences,are nol cons«dered.
Eoch occurrence hos s serigl No os shown in Figs 18 2
ond in Tab. 1.
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Table 2

Classification of Al-Harra’atagcording to their planimetric areas shown
in whle | and fig. 4.

Category

B!_l'

Al

RIRNE |

Miar

b

Toual

Sum

No. of Ueturmnﬂs Area  of (.Juh:gari_és.
Couvriry
Nu. Percent  Arca {km?) Percent
Snudia 4 2. 9% 6796310 &T.2 "%
Yemen - -
Nandiy 2 V4o 1416 13267
Yamem -

T T saudia 4 29% 6919.04 6.84 %
Yoemwen | 0.7 % 2664 .00 2.63 T
Saudin 19 13.7 % 5675.08 5.61 %o
¥emen 7 50T 118.80 2.31 %
Saudia 27 19.4% 92266  0.91 %
Yeown 31 22,3 %y W7 .00 (.94 Ty

" Saulia 14 104 % 87.63 010 T
Yemen 30 21.6 T 164.36 0.16 %y
T Sandia 70 S0.4% 9498356 93.92 %
Yirmen b9 44,4 T G144 25 B0 Ty
1399 1000% 10112781 100.00 %

Al-H.rrgal nay also be glassified according to their planimelric shapes
wste Lhroe principal types; longitudinal, rectangular, and equidimentional.
The parameter for such types is vonsidered 1o he LB ratio, in which L
represents the axisum teogth and B represents the approximate mean
hreaadth of the occurrences. Transverse voleanic conspicugus branghes,
accasionally observed as extending from the big and huge oceurvences, are
disreparded when measuring B. 11 is proposed that the ratio LB for the
longituding! type of crourrences should be more than 3.4, For the re
tangular type; less than 1.5, The two variahles: arca and L. B are pul i a
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cross-labulated contingency table (Table 3 The 'able 1s self-explanstary
indicating that a-Masi of the acurrences:belong 1othe rectangular type.
b. Smaller ocewTences (hine, vumn  and -mall catcgories) 1end to be of
equidimennona) &nd rectangular tvpes, this 15 indicated by the large
number of them in such types, ¢ Bigger ovcurrences (hig &nd huge
categones) wnd 10 be of the rectangular and longitudinal 1ypes of shape.

Table 3

Crosstubutsicd conngeney table for area by LB shoewing number of
voenrrenves nd their frequencies in the six eaiepn:ics of area.

iu Fguidimea- Rbciwnyilar Jomgivuranal
- Trunxl Tustul
Vrea liss thaa 1.5 L.%-3% T % 5.6
..
g, 16 28 v 44
i Peoe nd 113 HAT 1z
—— 2 31 s s
' pLry 5ib% sy 45 % 417
el Hﬂ'_ § 7 = o H__
pure il4 A2 Ih 3 IR
goe R I B
Medimer 23 in 0.0 16
_.Bf_ No. 0 T 2
g pere 0.0 ia 9.l 29
g 0 R _1 '
Hugs pere . 36 G.1 24
Tonai Nu, 44 54 11 139
pric Ly 100 | I0.4) LIRS

Other <hupes of ALHur jat tha may abso ine dentified smclude the = fan
ahaped” which disonenshes o small accumence 0 nonhwesiern Saudi
Araba, and the Sweitar or star shaped™ which distinguishes, occsaonally,
8 few of the small and micdiom size ovurrenoes (Fig. 7-c)
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