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INTRODUCTION

Ancient zones of namiral resource developoient, such as fhe prodiciEon of ele
mental metal Teem ore, ave mmpoctant oo e wodestanding of cullara) cvolulicn

Lieskirgfasdanis An lowemativoad Joamal, Vol LS, de 2, 105 LRG0 (2000
17 2HAD Todne Wiley & Soms, Ine.



WITTER ET AL.

Thise sones provided raw matenals over thousands of vears b ancienl civilizations
amil were inhabited and explomed dunong tese pedods making these unigue areas
windows e the processes of long-term eulture change {Levy, 1998), The remains
of constraction activities and anifacts found o these areas reflect the social, aeo-
toamie, and religious dicnensions of their inhabitants. Move imparantly, peraps,
these zsones provided resources of reglonal signficance, and, for this ceason, thalr
sty provides insighl into culiures that existed within a radius of hundreds of
Bilometeos anond the resource sone.

The Feinan district of southern Jurdan, Jocaied in the biblicad region of Fdom,
corling vne of the largest sources of copper ore io e Midale Rast (LLapdowaren,
EOEE, 1560 Hauptmann o1 al., 1989, 19525 Preliminary archaeolngieal soudies in-
dicate Uil copper mom this district was exploibed from the Pree-Taclery Keolithic
previod] Cabout 6,800 years B.C, b through the cany Istaoice period {ahaut 1000 years
AT}, one of the lungest periods of ancient resource explaitation aod development.
Comsequently, the Jebel Hameal Fidan and Feinan cegions ace excellent aress for
the study of the iopact of cralt specialization on social evolution, Thaing the swn-
wer of LY, geophysical studiss were performed m one part ol the Jetsel Hamral
Firdan, along the man deanage system in the area known as the Wadi Fidan, Wads
Fidlan is & mountainows, ugeed, and desolate area, Severad cardicr sueveys (of
Adams, 1991 Gloeck, 1925, Hauptmann, 1984 MacDonsld, THED and small-scale
archacolopical excswvations in the Wadi Fidan (Adams, 1991, 19497, 1998 reviealod
that this area supported copper cxploitalion and production from the Pre-Potiany
Wealithie, reaching an industrial scale durng the later Early Bronee Age and cun-
tinuing after an intetrval during the Middle and Late Bronze Ages, with renewed ore
exploitation durning the ron Age and later.

The use of gerophyaics at Wadi Fidan was pacl of 2 larger scale geophysical effon
dedicated 1o providing acchacolugists, anthropologists, and archasometallurgisos
witht a better understanding of the spatial distribution of bolh copper resources
and the settlements thal supporied the exploitation of this resource. Specifically,
tradures of geophysical significance included both buried copper ore bodics and
nndergrownd voids left bebind by the mining of these ore bodies, as wall as hariod
stone wills (hat cemain from the villages and production facilities (bt supporied
ihe copper miniag and smelting operations,

Three geophvsica] methods were employed as pant of the Wadi Fidan 19897 ficld
study: electramagnetic induction (EMID, growd peociradiog radar (GPE), sod mag-
netometry, EMI has been used for many vears in the exploration fior orve badios
pore bowfies contain metal and, cherefore, are good elecineal conduciors), and,
miore vecenty, to deleot voudks, [t was, therefors, used in this study to attempd (o
locade b ore bodies and volds left behind by the ouning of copper ore. Othec
pennhysical methods were tested for wse in locating buried stone walls, Sehaduling
conflicts prevented the application of geaphysics at sites suspected of being the
soures capper ore; however, all geophysical methods were emploged st sites where
birried stone walls had recently been expnsed by exeavarion.
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THE WALl FIDAN SITES

Bofore the Jebel Hameat Fidae (JJHE)Y Kepional Archasology Project was esiab
Iished, no systematic archaeological sumvey had been camied out iothe cogion. The
goal of the 19697 JHI archacolugical survey was be hagin a syasematic sampling of
the main sedtlement area of the JHF, namely, the Wadi Fidan deainage systeo. While
five Toajor sifes spammng e Neolithic theough Iron Age were proviously eecarnded
and investigated, their place in local ssttlement. hisrarchies and setticmenl stale-
giea was unknewn, To remedy tos situalion, a § ko steeteh of Wadi Fidan was
selveted for investigation. The study area estends from the edge of the Wadi Ara-
bah, where the Wadi Fidan debouwches, wpsteream e Aion el-lidan, a spring at the
vasiern ¢nd of the drainage. A corridor of 500 m on each bank af the wadi was sl
a5 ther lineits of thee LT gurvesy.

Figure | shows a number of archaeslogical sites in the region. Three of these
sites, Wadi Fidan A, Wadi Fidan 4, and Khirbet Hamea oo, were selected Dor 1bee
1967 mecphysical studies, Bach of these 35 a bill-top site and, at each site, earlicr
sl l-seade excavations exposed shallearly aned stone walls,

Archaeclogical Survey and Sites Selected For Geopliysical Survey

The Wadl Fidan A site is Pre-Poltery Nealithic (PPN and lies at the micath of
Wl IMigdan and at the extrame weaterm ond af (he Foinan drainage systeon, whaere
ik emypies into the becad plaio of the Wadi Arabah, Additional PPN sites have been
discovered and excavated further wp-atream along Wadi Ghowale (Simeoons aod al-
MNajjar, 128967, Wadl Fidan A sils on a plug of momsogranite that is part of the base-
il rock in e ares {Rabba, 198940, Previous excavations at the sibe (Adans, 1991;
Kichardson, 15977 revealed exiremely well presemned stone wall acchitecture, with
iy of the walls st standing to just under 2 m high (Figure 275, The stone-bulli
architecture is typical of the late Pre-Poltery Neolithic, and excavation of the pri-
ey srnclace reveals] & well-preserved plaster Aoor, edvidence of ved painted
plaster walls, and a scone-built oven se1 agalnst one wall,

Wadi Fydan 4 Lies on the soutbern bank of Wadi Fidan on a cocky plabean sicnated
approximately 20 moabove the wadi channel. The plateau s a renmant of Procan-
brian monoeogranite with a thin veneer of Pleistocens sadiment consisting of
poorly sorted sund- to boulder-sioe limeatone, sandstone, and igneous clasts, This
Landform s roughly triangular and has an acca of about 8,70 5. m. Swrroundad
oa the west, north, and cast by Wadi Fidan, the plateau resembles a penndsula. A
narvowy idge connects the platean to the adjacent slopes of the Jebel Blaomeat Fidan
making @ nalurad [ooification. The site is covered with archasological matoral
ilaling te the beginning of the Early Bronze Age,

The last site 1o be sarmpled usiog geophysical survey methods was Khicber Hamra
ftlan (KIL), also an Early Bronze Age site. KHI is Jocated at the castern end of the
Wadi Fidan gorge, just to the west of the “Ain el-Fidan spring [Fipure ). Much Jike
Wadi Fidan 4, the site is associated with a Pleistocene diamicton thatl wiconform-

AEJARGHAEDLOGY. AN INTERNATICMAL JOLIRRAL 137
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Figuee E, Map af IJebel Hammar Fulio Tegional Aoclavsology Project, Jorda

aly pveclies Precambrian monzogranite. AL KL tw bedrock forms asmall placea
ibeat stands abeol 25 meabove e channel of Waddi Frdan, K 35 totally isolaied i
the middle of the wadi, making it 2 naturadly delensible site, which ne doube playec
a cole in s lecal dominance of mecallurgy in antiquity. Large quantitics of skag

nTes, copper artifacts, copper working installations, and casting molds have been
found at che sice,

FEOPHYSICAL STUDIES

{reophysical studies were peclormed ol cach of the doee Wads Fidan siees. The
obyjective of these atndies was to delineate toriad stone walls o guide aochaeolog
veal excavations. At two of Lhese sites, Wadl Fidan A and kHLL the hdad spona had
ke idantiflad in earlier and very limited pilot excavations: howewer, Uie exient of

WOL 158, MO 2
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Figure 2. Groumi doutl test al Wadi Fidion . Elecccomapnetic iofuctian deoecoed the rddensian of b

PPNB walls, Heve, thie sonch wall of the pringipal somcture exposed In & LA eXeaval o can be seen
Ul wadl iz pareserved Do heesdgh of sl 33 o

the bined construction at either of these sites was unknown, The Wady Fudan 4
si0e was under aclive excavalion at the tme of the geophvsical studies, and a
munbyr of 5 50 01 units kad been opened. Al of the wnits revealed scone walls
approxioalely 40-50 caw high, 50 o wide, Al up to S m long built on the ureder-
bring Branitbe hadrock.

Threse geophysical methods (magnelometry, GPR, and EMD woere conploved ot
each site. Magnetomeatry responds to magnetic sources that are gither permanendly
magnetized or, as result of ferromagnedic materials, ave creaned by the carth's mag-
ielic ficld. The magnetic data were acquiced by walking with the mapgnatomeater
alemg steaight paraliel lines 1 m apart and at fixed intervals m time. I the walking
cale 5 relalively coonstant, he memsuceoienls are aoifornly distributed ower the
tength of each parallel line. The Geometrics 805 cesinm vapor magnatometer stares
the magnele dala for subseguent dowonloading to a2 personal computer. The data
can then be displaved as a two-dimensional (haorizontal) map of anomalous mag-
oebic data, For solated magnelic inclusions, such as buried stone walls, the regions
of anomalouns magnetie values should appear an the map almaost dicectly above
these buvied features The pattern of magnetic ancmaly should be o paliern ol
crnarieLic distucrbanee, possibly randomly oented dipoles, that replicare the peat-
pe1m af the walls,

GECARCHAECLCEY: AN INTERMATIORNAL JOUAMAL 135
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Bued stone walls can be deteoted o magnetic dats o one of 1wo ways. Either
because the walls are compnsed of rocks that are magnelic i origin (permanently
magnelizedy such as basall or beeanse e rocks are nowmeagnedic Bul oceur in ae
iron-rich 501l that has been undisturbed long enough that the host soil cantains
zome remoant magnetism induced by long-lerm exposuce o e carth’s magneic
ield [ Prrasnis, 1U88), the buried wallz appear as linear or rectilinear spatial pat-
tems in the magnedic data, Since mduced magnelisation is, i gencral, much weaker
Lhaan prrnaneol magnedization, detecting nonmagnetic walls is less likely; hroasever,
noamagnetie walls were mapped with magnetormetry ol Titeas Howiik Odatey aol
Moz, 1995), an Bady Drooze Age city in Turkey.

Magnetometty failed, however, to detect any features appearing chacacteristiv
of buricd walls, and, in [act, at all three sites the magnetic data revealed o dense
bt random pattern of magnetic anomalies. All thiree sices had many stones strewn
about the ground sucface, Magonelic measeocments made on a2 nomber of the sar-
Pace stones revealed that some were magnetic while others were nonmagnet.
Since it can be expected that the stones in the buried walls Bave w1 simibar disin-
Laticm of rreageeetic ancd nommagnetic rocks, the acquired mapretie daca woudd have
a ramilom distribution of magnetic anomalies from both surface and subsuarfacy
SIS,

The GPR instramient used was the Mala RBAMAC systom with 200 MIL: center-
Trequeniey anbennas, AL cach of the Wadi FPidan sites, GPR data wers aeaqueieecd alonge
parallel lines 2 m apart. The GPR ayvatem acouited a 154 ns time window af overy
¢ along each line. Por a subsuclace feature to be detected, either the dielectric
comstant o electrieal conduaetivicy moac differ betwseen (e Tegoore aid ies sie-
rouidings, The radar data covealed the presence of te underying granile bedrock,
amdd, becanse the radio waves did not penetrace this arrata, it was established theat
thia layer has a relatively high electelcal conductivity, A few solaled fealares were
detected by mdar (Figure 33 but did not appear in any pattern that would suggest
bred walls, This filare may e due to the very small dielecteie constanl or elee-
triced concluelivity dilferenoees between the bured walls and their survmindings
The surface rocks could exacerbate this problem. The GIPR antennas must be ox-
tevmncly close Lo tie ground sueface o ensure that the wave enerey penetrates the
groncd. Because the antennas were elevated slightly ahowve the ground suface 1o
clear the surface rocks, it is possible Lt the wave cocrgy penctoating the grouncd
was retduced to the paint where potentially weak reflectors, such as the buriad
wallz, could not he detectad,

The EMI ool employed at Wadi Fidan is the GEM-2 developed by Genphex, Lid.
{Won et al, 198G} The GEM-Z2 opetates much like the magnetomeler desenbod
above, Data from the GEM-2 were acquired at fixed time intervals over sach of
seniea of parallel Tines spaced 1 moapart with data acquited along each line. The
GEM-2 can acguice data over mulliple feguencies, and the outpuat is 2 volone-
averaged response to changes in elecirical condopctisiine, This response volume is
frequency-dependent or, more precisely, skin-depth-dependent, where 1he skin
depth is inversely proportinnal 1o the square moot of the product of the aperatiog

K WOL. 13, MG 2
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Treguency and the background conductivity, Consequently, as the frequency s do
ereased, the skin depth and response voluome inerease. For this reason, higher
aperating frequencies provide a finer havizontal resolution for shallower features.
At all Wadi Fidan sites, two frequencies were used: 2430 He and 9210 Hz, Witk
the exception of a single wall at Wadi Fidan 4, no features suggesting buried walls
appeared o the low Irequency EME data, Por this reasen, EML results presented
here are for the higher (9,210 Hz} operating frequendy.

Figure 4 is 20 map displaying GEM-2 data acquiced at Wadi Fidan A as gray scales.
In this figure, the highest messured values are rendered in white, the lowest in
black, and intermediate values in shades of gray, While no [ealures suggosling
huried stone walls are evident in this figore, a closer inspaction reveals a subitle
pattern of lincar and rectilinear features in the lowest {black and dark gy ) mea-
sured valaes. To support this inberpretation, the Wadi Fidan A survey region adjoins
an earlier excavation where partially exposcd walls (Figure 2) appear o extend
inte the undisturbed surveyed region.

Ta enhance the appearance of the low conductivity features in the EMI dacz, the
data shown in Figure 4 are redisplaved in Figure $ with a gray-scale mapping thal
amphasizes the lowest measured EMI values. In this figure, the lowesl measired
vadues are rendered as black and shades of gray with all otber values rendered as
white. With this mapping, the linear and rectilinear features hecome clearer. The
fealures thal are believed 1o be burbed walls are interpreted as white Boes super-
imposed on the data displayed in this dpure. The exposed stone wall mentinned
above is indicaled on this fgure. Pigures 6 and 7 are EMI data, displayed widd Uae
same gray-scale mapping usad in Figure b, for the Wadi Fidan 4 and KHT sites,
eespeciively, Like the Wadi Fadan A site, these other two sites show the buried
stome walls to be extonsive.

Figure & is a gray-scale plot of the EMI datx acquired at the KHI site similar 1o
that shorarn in Figuee 4. However, tn this ligure, a full range plotting contrast s wsed
to illustrate the bimodal character of the EMI measurements. As seen in Figure 5,
the measured EMI values appear s either relative highs (the areas ceodered o
white and light grayv) or relative lows (the areas rendered in black and dark gray).
The displayed vilues are relative Lo the spatially averaged value, providing teeo
piosaihle aaxplanations for this himodal distrbution. The first possilality is that the
relative highs simply represent the background geology and appear artilicially higk
because the spatial averapge is foreed to be zero. A second explanation is that aress
thatl appear a5 a high conductvity are, in fact, a result of a buried macerial witl
high coonduoctivity. IE this 35 the case, the areas with celatively high coondoctivity
displased in white in Fygure 5 may be an indication of the presence and distribution
of buried copper slag,

HISCOSSIDN OF EMI RESULTS

Buricd walls may appear as lows in thie BV data bicanse of conleasis i ¢leg-
irical conductivity actributable to conductivity differenees betbween the stone walls

12 VOL. 15, w3 2



GEJPHYSICAL SUAYEYS IN THE JEBEL HAMBAT FIDuh, JOROAM

SSLALRAIE K 20 SIS [T SRS AVTH A [Rada R K% Y UaLg Ty, 2l i prennbu s gy arng

00 0%-
00 O~ g i
o R
00SE- m
0008 |
IS
nooz-
00 QL=
ol
00's"| |
| |
06—
: LG
000k
000z :

m 0z
oo'0E 1 _
000k _

= s

| Ao

14

GEORRTHAEDOLDGY. AN INTERMATIONAL JOURMAL



WITTERN ET AL.

O0Dg-
a0 oF
Q0 -
ag'og-
nrsi-

oo'oL-

b
|Cm, Pasohe Aood \.l

SAFTIEE BN a0 STl iE §fy Ral Spa s pseinesos
SN SN LRI P AR SO S SIS [SOSO] ] SO AR ST Radaie RIS W RG] IENEAy g3 e peenmbon BUEE (IH O asndng

q

HS|

02

e

15, MLE 2

WL



GEQPHYSICAL SUARVEYS IN THE JEBEL HAMRAT FIDAN, JORDAM

SRR T SR SUSISILIL ] [ SR g =% seifunndng
A SINC T R LR (900 X000 A0 SaIm ] SRAMPIG TR s0] L R0 T BT ARl i - ORI T a0 1 paamnlon iR [ 'R SInAng

3k 1 T i T il L g 1
. —
aat
1]
} _
= |
Gl
. ’
ik - 02
0o a . - i
4 | |
06| i !
; LT
= _
L 1
" w | OE

145

GELMBLHAECLCAGEY . AN INTEAMNATIONAL JOURMNAL



WITTEM ET AL.

=100

-12.00

-18.00

Fipgrd T, B8 dara peqiilned ab phe KHI sibe seichiie< as prwy sz e Srmisl condismaiyily e
are blecke arsl inlerpreiiions ace supengross] 3z white Jivres, Al dineensboiss e iy mecers,

and the host soil, If the stones within ghe walls are indigenous, and che spones anc
the goil have the same ordgins, both would bave the same intrinsic electrcal con-
duetivicy, In this case, the contrast st he a reaolt of the absenes of soil oodstars
i the stooe. An alternative explanation is thal magnelic susceptibility differs be-
fween the soone walls and the summoonnding soil. Won et al’s (1588 resalis shoveed,
bwrever, at leasl for lacge conductivity, that spectral response 1s altered by changes
in magnetic susceptibility. I this hypothesis is valid, both swetzee ancd sobsorlooe
slones should appear in the EMI data. They o not.

Althomgh somme doabt sEl remmains a5 o the interpretation of the M dalz, f0s-

1o YOL. 15, N, 2
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Figwre M. EMI cata aoquired ab thae KHI =il cenioered s Ay il Tin ik wase sl
vmplisiee anses af selidisve high condoetvidy (shice ared low conductlvaty (hlackh AL dirnerssons am
i mMerers.

pares with such lincar and cectilinesr palteres are not, in genecal, typical of nati
cally accurring geolodic stmicture. Furthermnore, when we went to the places whcpe
these features occurred and inspecled them, we found that several of them broke
the ground surface and were vigible. Thess featiires had not been previously e
iified becavse they were difficult (o distinguish from randomly positioned surface
slones. Subtle surface manifestation of a buried soone wall appears in the fore
ground of the photograph shown in Figure 9,

GECMRCHAECL CGEY - A INTERMNSTIONAL FIUAMNSL T
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Figure 8. Mokegmph of an ansg of the Wdi Fidan 4 sile showing numerons stones an ihe gooaned
aurtice. Mole the procrnading stons wall in the Fereground

CONCLUSIONS

Electromagnetic mduction correctly mapped the extensions of knowe wills al
Wadi Fidan A, In adddicion, excavation confirmned the walls detected by EAT at Wil
Fidan 4.

FPuriher geophysical studias are planned both st the Wadi Fidan sices as well as
at. other sites within the reglon, At the Wadi Fidan sites, the effocl will focus on
the use of GPH and BEMI to locate and delineste copner ore deposits and voids
remaining from early mining operations,

The addilional regional sites remain bo be identified, and, in the absence of in-
formuation on the nature of the targets of interest, their depth, and local geology,
specific geophysical technigues cannot be identifed. The fsct that magnetometry
and GPR yielded little informeation at Wadi Fidan does not make them useless at
other sites in southw estern Jordarn. Sincee the relevant contrast between targets of
interest ancd the local geoloey may be different, and becanse hath of these methods
are relatively simple and rapid 0 use, they should be considered al other sites
within the region. 45 a result of the unexpected success of EMIE at Wadi Fidan, its
izes af other archasological sites is quite certain,

idd W 1R, RC 2
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