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ABSTRACT

This paper deals with the planimetne shapes and areas of theRueUITonGCS
Form ry Al-Harra'wiand ke phenomena, together with their distribution
and grientation. The arabic name «Harra», «Harrah», or «Harrat», plural
WAL Laaniat' L8 s refered 1o the nearly flat area covered by black 1o dark
grey oleanic ernplions rostly of late Termiary 10 Quaternary periads. They
occuny a total area of abour 1001, 127.8 lm:'l2 throughout the terricories of
Saudi Arahna and Yemen, coneenrrated manly near the Red Sca coast, The
snes ppesbrleices predominale by dength and nuimber in directions parallel
1o ke axis o the Red Sea and oy dizection melined by acute angels, up o
w307, v the east gnd wesl of ik,

The oceorsenges range, in planimet i ared, from few 1o morye than
2L kmz. accordingly they are glassified into iz size eategones; huge
veel: seiteesal TIOO00 km® asd moreh, hig {less than 10,000 e 5,000 kaL
i fless than SO0 1o 1,000 Iv:m:‘.i, serrall fless than |00 Lo B0 k™,
minor (less Lt 10w 10 kmzl. god Lhe Mne caregory (iess than 10 kmz}.
Oveureaces are alse differentiated according 1o their planimetnic shupes
imio three main types, lengitudinag!; in which the lengih is more than 3.5
times he breadih, reciangular; length between 1.5 and 3.5 times breadth,
ard gyguwdimentional. Other twyr shapes, stellar and Fan shaped, aie also
dirigimched, Maost of the occurrencesbelong to the recrangular type.

Two extensive areas of intersive regional Ternar-Quaternary «alcanic
activily are ouilined (hroughout Arabian Peminsula; ang covening more
thgn 66,000 km* in the provitees of Al-Madingh, Makksh, and Ha'il
(Saudl Arabia}, and the secnnd spreading over more 1han 45,40 I:mz in
northern Suudi Araba sed neighbourdng countries.

Fow cngumoiees are Ffound within the extreme sourhwest of Saedi Arabia.
Many ocourreacesare scartered through Nonhern 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 hbal Assud to

the vast.

TR o it b aeo terenevs i Yenwn territory as a whote do nol exceed the
medium sice while thosc tin Saudi Arabia reiech op 1o the hoge =ize,
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INTRODUCTION

Voleanic activity in the Arabian Peninsula had increased through the
Teruary and Quaternary periods [ Begdoun 1986, Brown 1970, and Cel
eman et pl . ¥970-75 ) coverng vast areas ¢speciefly in western parts of the
peninsula pear the Red Sea . Historic eruptions has also been eeportied in
south western Syna, in western Sawdi Ardbia, iseYemen, and{n Palestine .
Teruiary and Quaternary eruptions gonstitule masthy Al-Hurra'np and like
phenamenain Saudi Aratia and Yemen [ northern and southern } . About
sixreen names of Al Harra'alare written inthe regional maps of the siudied
rerrivgries { Figs. 1 & 2 ), but 1oo much Incal pames are memtioned in the
historical and geographical arable books and diclionories { Al-Andalusy
1947, Al Hamawy ]956. Al Balady (978, AlGasir 18] . eic ) in which
more than eighiy bocal ames are monnoncd josi with their arbirary oca-
ons . The same Harra may have more than aoe name and/or res eral
ndares For cuch part of i e sieh puhlication.

Alkaline basaliic rocks, especially alkali olivine hesalt, are the main
wetnslatwntx oF Al Blormatyiand like phenomena (Coleman e al. 197075,
Abed 1977, Al Saperd and Zotle L97RY, they are aimost lvesh 1o weakly
afiered dark hue gramed vabeanie rocks. The original rugged surfaces of
cruptions ate naintuined it some exposures (Abo-AFHagyag 19a82).

Tl paper deals wich geaeral disinbuton, ofentuiion, area, and shape
of Al-Harra'sr and like phenomens. The "like phenomena'” eomprise such
eweurmgnees that are siilar 1o AlFarra'sl, a5 shown in the regivnal
poodapic maps, kot gre eithey pameless or with other names han
CHarrah™ The term *AlHarra'ay ' wil| boused here as wcioding such oc-
currénged. Hundred and thirty ninc ocvutrences areé (raced from the
rezsonal maps of the peainsila, rmainly that of 1 2,000,000 (Browen 2nd
others 1963}, They are pamibered serially as shown in figeres 1 & 2 and
table I. The leitz A.S M. *Baage Analysis System™ 1s wsed for measiring
Lhe nreqas of awarrences,

MISTRIBUTION AND ORIFATATION

AlHarre’al occur mostly in the westenn sector of the siudicd regions
rear the Red Sea coast (Figs, 1 & 21. Most of 1 ke bigger povyrrences exist im
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the basement complex of the Arabian shield especially of Sautli Arabia, of
which about 79,000 km? are covered by Al-Harra'at.

This mrea represents about 83% from the sum area of AkHama'at in
Saudi Armbia and Yemen. The rest 17% is scatiered mainly through the
northwestiern and southeastern pary of the studied territonies, where they
everfay Eocene and Miocene sedimentary rocks (Brown and athers 1963),
Smuller occurrgnces are alinosl watiered around or between Lthe bigger
ones as in Saud) Arsbia (Fig. 1), oveasionally they are concenirared in
cepacated arcas like that of j:bal As<ud that comuin 22 aceurrences and
labal As-Sawda that corrain § gecurrences, both areas oceur in Yenien
territory (Fig. 2).

The eenral parts of the Arabiaa shicld compnse vast wras of
Al-Harm'at, {zhout 707 from the sum), forming occurrences more or less
vlose tozcther. They miay have been onginally higeer o evers (wige 11:0ir
jrresent wreas and most probably conneased together. This indivaies an ig-
fenslve Terinry-Quateriary voleanic acrivity in tiis seeior which {nglades
the repivns of Al-Madineh, Makkah, and pars of Ma'il (Fig. 6). Arab
histornars repened also a velesnic hisiarie eruption in 1he exteene por
thern part of Rahil Harra ar the easterm port of Al-Madinali (P.1.1), This
crnphien ook pluce during 125G AD. (Abed 1977). Another urea of intene
svg Tevicig y- Quittenary volcanic eruptiuns is thut ocoupicd by Al-Marruh;
a huge sepurrence corenny the extreme nerthern part of Saudi Arabis (Fig
€y iund entending throngh Jordan (Abed 19420 and Syiia { A1-Egl 1974) with
i toral area of more than 45,000 kni?2, This Haora is shown in few regional
maps (Ste Julinn Huxdcy I978) as exiending also into wostern Irag,

Mo of Al-Har:a’st e ik the plan view of lensaudinal and reclangnlie
tpes (Fig 7-a & -b) with their Jong axes paratlel 1o subpumliel 1o the asy
of the Red Sea The kengrhs and directions of cighteen pnncipal axes (the
longest axis of each occurrence (Figs. | & 23, are measured and plotied in
arimuthal freguency diagrams [Fig. 3-a & ). A« crage length of such axes
v ghout 105 k. The linear trends dovcloped by rhe arrangement of the
wleanie peaks, ploied on the toparrsphic and peologic maps of the
perinsicla imide AlMarraat, are considered ax structural exes or
lineamenis fFigs. ] & 2. Sixicen of such axes with w crage lengih uf aboul
95 kny are jdentified measured and plotted by the same way (Fig. 3b & ),
Considering, s detected from the aximu thal diagrams of Feure 3, 1hat
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Figs 1RLZ =
Al-Horroal and Dhie phenomena i Saud
Arabio (Fig 1l and n yemen {Fig. 2 next
page}
s Sall OOCUFIITICS
Bigger DCLurrences
2] Arabion shieid
e Fringipal 0Xes
o= Stroclural oxes

&, . ) ~ T HAbbteviation of Harrol
1% 1,2,3..0c Ser. Mo of Al _Haerpal
1 4 ——r _—

» Compiled from \he Gaologic maps of e Peninsuin.
Aaws and numbers ore ooted by e woler
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Azeruihal lrequeney diagrams for the axes of Al-Harrdat and
like phenomenay %

a-Length percenfoges ol ihe principol axes,

belength percentages of the struciural oxes.

¢~ Length grd numbes pencenicoges of both prmcipal




peaks of more than 10% may indicate lacal and/or regional significance, it
is obwerved that -

a) Peuks of abour 15% to i¥% of lengih 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 IAE) & {N-N 20°W) which are inclined to the axis of the Red
Sea by acule angles up to 40+, or little more, 1o the east

v} Pyaks inelined 1o the west of the Red Sca axis, by acute angle up 10
guwnl 324, are develaped in directions (N 30° - $0° W) with leagdh
porcenn of gbte T8%0 wo 28%0 and in (N SU° - 60 Wi with about 15%
fenuth peruenl,

d) A transverse nunber pereent peak, approximaily normal o the axis
of the Rid %ea. is developed in NEFE direction (N 70° - BG°E) as shown
in figure 3¢ with smaller length percent peak, thus reflecting a
relatively kigher number of small elongated ocourrenccs,

€. The two peaks: (M-WIO"E} and (N 440" - 50"W) forming conjugate
direutiony englesing weule angle of maximum 60° sround the axis of
the Red 5ea (Fig. 3-¢), are characterized by larger lengih percent and
smaller number percent, refizcring the fcw bigger cteumences 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'at are atmast parallel to inclin-
ed by acute angle (up 1o 2bout 40%) 1o the east and wesl of the Red S2a axta
which is trending approximately N 28° W. The strucicral axes are almoesi
af much harimony:with the Red Sea axis more than the principal axes.

AREA AND SHAPE

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

I.  Huge category, includes oceurrences of 10,000 km? or more my area. 11
contains four gocurtences in Saudi Arabia, their iotal area equals
ncarly 679 from the sum arca of oveurrences 1 the sudicd Lerriorigs.
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2 Rig category, includes areas lezs than 10,000 km? to $000 km?, it con-
lains two oceurrences in Saudi Arabia, with rotal arca of about 13%
from the sum in the studicd terntories.

1. Medium cetegory, includes areas less than 5000 km? to 1000 km?.
4 Small catcgory. of areas less than 1000 km? to 100 km?.

5. \inor \aiegory, of arcas less than 100 kmi? 1 10 km?.

& Line category. inchades all the accurrences fess than 10 kmd.

Towal arcas end numbsr of poaumenees of each category wilh (heir
pereeniapes are summerized my tabhe 2 and ploeied in the woluwinar fre-
aueney degeram of figwie 5.

4  Avga o Al-Harra'ar s Samdi Arabag s suuch bageer than, wbout 15
tivies. that in Yemen, The huge and big eotegorics appear only in
Suud Arahin, both togerher consutute about 80% by acei brom the
sui i Saudi Arahig and Yeunen termitorics.

by The sminnber of oceuriences in ¢ach catugory is toughly piversely prow
mortional 1o its area; few occorrenves constitule tie Bigeeof Cataporkiey
thope, bz, ond medined, while much ooourrenegs eosbly Lthe
ap et gatepones fanall, runor, and finel.

) The rmiper caegory comprise The highao nember porocal al i -
cenves, Miner and fine 1ogether constitre aboak 737 Feenae Hhe s
nwnker in Soudil Arahia and Yormen.

— 125 —

”m;’_




(a?}
Ar!rﬁ!“ﬂ?] .
By
SQGBT- 3 - 2 ! - o ad
Mediym
1100 ] . t S
‘ i Soeell
L . 1 M ~ar r T 1
' L | f
| ] i
_Il':'..'r = ] o i iA‘ I - “1_1..;.
i i . ! }
L] Et) 3 0 n 0 ]
apaal He sl Cr aiferEes
!\ma-!_:ﬂ-zn Lt
PR ;
|
1RGN | Huge
10031;#
By
ROLOF - I
J Mediurm
1o 0 H
famali I
1131 4 i ra ', F
| I| Mgt i
Jodabiss o eids)
13 30 Lrls) o
Serml No of Acrurrences
F.g.q,_

LRIVl Feagr tME Showing the plan-melne argns
eurrences n Yemen (gl and n Scud Arabia {Bhhanzgnial

183 separalp  he prapnsed size colegonesyhuge, g,
medium, smol ymenern,end  fine {each with difteren! verfical scaw)

- 126



Table 1

The sreas of AVHarra'st megsured by “*Leitz A.5.M."
A, 1o Yemen rerritory

L T T T L L LT T T LT L Ly P s pp———

Seral  Ares Ser.  Ares  Ser. Ares  Ser, Area 'Ser. Area

gumber kml  mo. ad o km? no. kofmo. ko
1 7.64 15 0,80 29 TLED 43 230.8357 110
2 114 15 11.68 30 T 44 51.6043 4.50
] 255 17 160 1) 47144 45 45,6049 6.0
4 12 13 15.84 32 5.2y a8 11. 4060 1930
5 20 19 4.5 33 £.56 47 12,3081 &7.60
[ i1z I 9.68 34 27 4 6,082 321X
7 265 21 904 33 10.44 49 zﬂ.m 4.63
B 140 12 1092 35 2480 350, SR04 kL)
9 5w 13 15760 17 1620 51 B4 (06T 5.00
10 Ri0 24 Li.04 138 580 53 - 6,40
1] 111.20 1% 10.52 39 1.5 51 338.8047 kN
12 9.20 25 1400 20 6.8 54 106 BOSE 10.69
11 7310 27 .00 4] 4.8 =5 £.1069  310.40
14 2275 28 400 42 936 54 7.10

B. In Saudi Arabian terrizory :

Ber. Ares Ser. Ares  Eer. Arex ST ArelSer.  Ared
no. km! ne. km? oo, km®! no kmioo.  km?
70 G83.00 B4 13.24 09 280.00 112 15200128 X.00
71 4T6.4) 8% 20140.80 9 31120 113 R.00127 37.70
72 113240 35 26760 100 2744 114 128 4.00
FE 125.60 87 9080 10! 10.E8 1158 &.6012915227.60
M 120.80 &9 176.8 102 12120 116 4.20130 194.68
75 1083250 &9 2636 00 55240 117 3600131 576
76 26.80 %0 5.04 L0d 1464 [18 [0.12132 14.80
L1 1560 9! .74 108 63240 119 528113 2%
73 012 92 12120 106 116584 120 550134 7400
9 4m 9 125.60 107 85120 12 25.00135 9.8
B0 354440 M 106.00 108 4.8 12 53136 10.75
B! 251 93 7910 109 H.80 123 7.6137 118.30
52 &40 % 09540 110 269.60 124 B.721284 15.80
0 26400 97 2168220 111 44.80 128 7.64139 113.60
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Panimelnc shapes of Al_Horreat ond Lke phenomend;o & o
tongitudinal ; byrectangulor .o, sielor and fan shape ,and d,
rounded to polygonal eguidimenticnal. Side branches (shppled
ports),repecially of he large ccourrences,are nol considered.
Eoch occurrence hos ls serigl No es shown in Figs 18 1
and in Tab. 1.
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Tahble 2

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

Category

B!_l'

Al

I

Miar

unre

Toual

Sumi

No. of Utturmnﬂs

Area of Catrpgn rles

Covriry
Nu. Percent  Arca (km?) Percent
Srndia 4 2.9% 6796310 67.2
Yenmen - -
Nandia 2 4% 141600 13267
Yemem -
soudiz 4 29%  6919.04 6.54 %0
Yenwn | 0.7% 2664 .10 2.61 0%
Suudin 19 3.7 % 5675.08 561 T
¥enen 7 AL 2318.80 2.31 %%
Soudia 27 19.4%  922.66 0.9 %
Yewen 3t 22,3 Fy 07 .00 (.94 T
“Sawlia 14 101 % 87.63 010 %
Yemen 30 21.6 % 164.36 016 %
Szudia 70 T S04®  04083.56  93.92 %
Yuomen &9 49, 5 T 6144 25 B By
129 1000%% 10112781 100.00 %

Al-H.rrgal iy also be glassified according to their planimelric shapes
e Lhree principal Lypes; longitudinal, rectangular, and equidimentional.
The parameter for such types is vonsidered 10 he LB ratio, in which L
represents the maximum Tength and B represents the approximate mean
hreaath of the occurrences. Transverse voleanic conspicuous branghes,
accgsionally observed as extending from the big and huge oceurences, are
disreparded when measuring B. L is proposed that the rutio LB for the
longituding! type of creurrences should be more than 3.4, For the re
tangular type; less than 1.5, The iwo variables: arca and L. B are pul v a
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cross-tabulated contingeney table {Table 37 The igble 1s sell-explanmary
indiczting that & Mosi af the :sucuﬁcuces:hcim lothe rectangular tm%
b. Smalier necurrences (Lne. mpw and -mall catcgaries) Lend o be ?f
equidimeniional and reclangular fvpes, this 15 indicated by the farge
number of them 1n such 1ypes, ¢ Bigger cccurreneesy (big &nd huge
calegones) wnd 1o be of the rectangular and Jongitudinal 1ypes of shape.

Tekle 3

Crasvlubuiaied conrngeney table far area by LB showing number of
voenrrenves send their frequencies in the six eslepmics of area.

[T | Fguidimen- Reviungilay Lot gl
“ tunxl Tuim
Yrea s thaw 1.5 L.S-3%€ T By L%
RS
Fiu: i 15 2 Y 44
T pre 6.4 "3 iy 7
N 3 2 3 R
U pEre LR 68 455 417
=gl Nﬂ: 3 1" o o 26_
pere i1.4 2.2 3 |7
o NoL 1 T I
md”mmrc 23 4n 0.0 1.6
lBi— No. @O _m il 2
'8 perc. 00 36 4.) 29
. No. 0 8 T 4
Hugs pere . 36 9.4 2.9
T Ne.  aa 84 B TR ™Y
Tasl e 10 100 | 1004 §ONL4

Orher <hapes of AHure  at rtha may abso v sdennitied mlude the - fan
abapad” which distngnslos o <mgl aceurienw m nonhwesiern Saudi
Mabw. and the Switar or star <haped' which distingushes, ovvasapially,
@ Fes of the small and micdiim size oweurrenes (Fig. )
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