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Regional radiometric date set of Mamibic

Intreduckion

A conperation preject between the Geological Survey of Namibia (G5
#nd (he Bundczanstalt fiir Geowissenschafien und Rohstafle (BGR, Pederal
Institute for Geosciences and Nalurul Resources, Germany) ran from 1992 1o
1996 and covered the refinement, compilation and interpretaion of existing
open-file airtbome geophysical data.

As part of this cooperation, the refinement and comgpitation of regional aiz-
borne pamnma-ray dala was undertaken over two selected areas.

From 1968 Mamibia was gradually covered by government funded air-
bome geophiysical surveyy, Most of these surveys were always in conjunction
with magnetic surveys. Typical traverse spacing was 1000 m with a survey
height abowi 100 m above ground. Most of the pamma-ray dala wete
processed immediately after sueveyiog, bt sap production was of an incon-
gistant standard, and in sorne cases a few survey blocks were never processed.

The merging of the various survey blocks had never before been tackled,
partly as a consequence af the various desector sizes used Juring the course of
time, It was only in the early nineties when back-calibration aod reprocessine
of airhome gamma-ray data were made feasible. I soon became evident that
merging and compiling the Namibian airborme pamma-ray data would be nge-
ful o support geological mapping, to contribule to covironmental issues and
0 determine the geneml backegroond radiation.

As the Mamibian airbome gamme-tey daty vary in quality, it was agzeed
by the GEIN and the BGR not to compila all the existing aibome pamma-ray
data, but rather 1o select an area to test methodology, cost effectiveness and
quality of the finai compilation prodocts, The area selecled covered four
1 : 250 000 scale map sheets, namely 2014 (Fransfoateind, 2016
(Ogiwarongo), 2114 {Omamw) aond 2116 (Okabandja) in west centrai
MNamibia. This area comprised data collected from the earliest 1968 surveys

{merely anaiogue charts) to more modern (fape records} surveys flown in
1980

In this way it was possible to gain practical experience with the Namibian
gamuna-ray data and o sec whether il would be worth compiling greater
portions of e data in e Tuture,

The wim was the compilation af a 1 250 000 scale map series consisting
of individus! map sheets showing the ground level exposure rate, the ground
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concentrations of potassinm (K}, thedum (Th) and uranium (U1 as wel! as ele-
mencal rativs. This was w be achieved by comparing the airborme Tmessure-

ments with ground evsasurcments using a calibraied portable FATImMA-TRY Spec-
trometer.

Tn fact, back-calibration and compilation of the west central Namjbian data
were succesful and stimutated o process and compile all the open-file air-
bome radiometric data of southern Namibia that was a prionity target area of
the conperation project.

This bulletin gives detailed information on the dara processing and compi-
laticn and provides interpretation summaries for each 1 ; 250 00 scale map
sheet. This is 1o suppor the user of the radiomettic map series in his under-
standing of the radicmetric patiemns and their significance in terms of PrOspee.
tivity for natural radio-clements, lithology, and soil chentistry,

Regioral radiomerric dart sef of Namiba

2 Data Sources
2.2 Histaory of Surveying

Regionad airbome geophysical surveys bave been conducted in blockwise
fushion in Namibia ot a more or less annoal basis from 19608 onwards (Eberle
and Huichins, 1996). These surveys were camied outb as combined airbome
magneric and radiometeic sueveys comprsiog 32 different blocks with a toeal
of sarme 500 (07 line kun (Fig, 1.

Wost of these airbome surveys were Tunded by the Governmene. To 3
minof exkent, surveys were atso performed by the private sector during base
metal, Wraniem, preciots stione, and groundwater explomkion canpaigns.

2.2 Survey Paramerers

The technicat specifications of the government-funded airbome geapbyysi-
cal sierveys conducted between 1968 and 1990 typically used a 1 km lmaverse
spacing, a 10 ki tie line spacing with flight directions pemendicular to the
geseral geotogical stike and & 100 m termain clearance.

This configuration infers that large cutcrops of regional geology were
effectively surveyed; bowever, poinl or small arca sources were only detected
if the traverse passed guitc cloze. At a 100 m terrain clearance, 90% of the |
detectad radiation derives frot 2 clrcular area (cicle of investigation) with
diameler of about 5530 m, and 509 of the radiation from a circular areq with a
diameter of abour 200 m (ef. Kellog, 1971) assumitg the point of observation
i3 abowve an infinite plane rediating source. Taking Lhe velocity of the plane apd
the distance coverad dunng the integration time of the spectrometet (see ch, 2.3.1%
o accont the area sampled by an aithome survey system is miber an oval
strip than a circle. The length of the oval is greater than the moving distance
of the aircrafi during the ntergration time, ag racdiation is also collecled from
sources ahesd and behind the plane (Fig. 2). Lenpth dnd width of the sinp
increase with survey altitnde, but are not proportional 1o the later becanse af
the prester attenuation of gamma rays with oblique angles of incldence
(AEA, 19790 Lising a terrain clearance of aboui 10 m, 50 % of the counts
in the therum window can be ascnibed to a smip of up 0 2400 m in width.




Ebarle | Hutching amd Perzel

Y
E,__

%
4 %_

¥

| ANGOLA

£hnra —w | -\'\.. .

i
1
|

| oty —

e T 2

|- s ——

e |- .. . I

o
SOUTH AFRICA

Fig. 1 Location map of individwal surveys. Survey nomenchature indicates the
fonding agency and for the $- and CDM-surveys the year of execution.
S-Government, CDM-Consolidated Diamond Mining Co.; BGR-Federal
Inswibate for (eosciences and Mamral Kesources, Germany.
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Regiongl radicmeatric data set of Mamibia

Even il a 90% circle of investigation is assumed for the regiona] Namibian
airburne gamma-ray surveying, & stmip between two adjacent flight lines of
about 300 m widih still reanlts whose radiation did nol produce any essential
effect on the measured count rates, This means unly 50% of the surface
covered by the regional surveying conmibuted to the colleceed dala. This
should always be kept in mind when using the maps and coming to geologi-
calflithological conclugions,

A few of the surveys, those funded by Cuonsolidated Didmond Bines
(CDM} and the BGR, used claser line apacings of 250 - 500 m and a terrain
clearance of zbout 80 m. These surveys were conducted to suppott precious
stone, base metal and proundwater exploration and were in some cages flown
in eomb¥nation with electromagnesic methods. The dloser spacing of these sur-
veys provided a nearly 100 % coverage of the survey areas assuming a 90%
circte of investizaion.

Adjacent survey hlocks vverlap only in a few cases, and this proved i be
counter-productive when merging the individuzl survey Bocks,

All the survey parameters relevant to the gamma-ray sUrvaying are given in
decail in Tables [ and 2 {pp. 13-200.

THALL AMCAMALT

AHCARLY HOT
s AHACRAFT AP T TR
THACE o] TantH LHORALYT anms TTA
EAECQATED

Fig, 2 Owval sirip of investigation of an airborne gamma-ray specirometer as
achieved within the integration time of the speciromeler {modified afier
Hichacds, 1979
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2.3 Acquisitian

As the surveys were flown over twa decades, the data were cotlected USing
progressively more advanced instrumentation and calibration procedures.

2.3 Camma-Ray Spectromeaters

Although each survey recorded four radiometric chanmels ftotal count,
potassivm, vrarium and thorum), the contractors, survey equipment, detectot
erystal volume, energy window, sensitivities and calibration procedures varjed
from year to year and from survey to survey. In addilion to these documented
variglions, it became apparent that parameters were occasiomally chan ged dur-
ing the course of 3 single survey, fur example survey aircraft, Equipment,
location of caltbration sources, comection coefficients {(Duffy e gl 1994).
Unfortunately, those deficiencies were compounded by incomplete records of
survey procedures, particnlarty for some of the older surveys.

It can be seen from Tables 1 { pp. 13-18) that the detector volumes of the
Semma-ray spectiometers vary from 5.25 lr in 1968 to 33.6 It in the carly
19805, Current state of the art defectors are at least 33 It of sodinm iodide
crystals for a fixed wing system, wheteas 16 hr. will be acceptable for a heli-
copter survey (Grasty and Minty, 19951, In most cases. 16 It defecior volomes
were used for the Namibian regional sirbarme gamma-tay data a flight velo-
cities of generally more than 200 ke/h, which was salisfactory standard at the
time of surveying. The early surveys flown with detector volumes smaller than
16 I muse at best be considered o be of poor quality,

Similarly, the sampling rate also varied between .7 and 2.0 sec. In most
surveys, however, 1 see was applied. This means that ae a flight velocity of
about 240 km/h 2nd at a nominal flight height of 100 m a.z 1. about 90% of the
caunts otiginaled from an oval strip of about 500 m width and ahout 600 m Iength,

Until the early 1980's, four channel differential gamma ray speciromeiers
followed later by mullichannel {256) devices were in use, providing a summa-
tion of eovnts in windows ¢entred on the potassivm (K440}, vraniom (Bi214),
and thonum {71 208) pealcs as well as two folal count channels and the cosmic
ray region trom 3.0 - 6.0 MeV. Since the eacly 1980's window SEINgS Were
usually chosen as recommended by the TAEA (1 979, The K, 1), and Th chan-
nels were usoally correeted for Compton scaltering {see ch, 2.3.2) by a micro-
processor befure the data were outpud 1o visual display or analoguz charts.
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232 Calibratinn Procedures

Calibration procedures applicd bofore, during and after surveying are pot
easy to follow-up, in some cases it is no more passible duc to Thssing or very
poar reporting. Since the mid 197075 documentation has been move complete,
#nd it has been a rle (¢ perform castle calibrations each morming before take-
off and again after landing. The casile calibration consisted of first recording
the radiztion background at useally more than F00 m above ground andg then
subjecting the systern in tum 0 both a radium source and a thorium souree.
Furthermore, a background test line was cstablished and flown before and after
each sortie (0 obtain the average drift of the spectrumn. In most cases, tempe-
rafure stabilized and thermally imsilated crystal packages were emploved.
Other devices provided self stabilization of the spectrum by menitoring the
pulse height output of the more energetic photopeak of Caesium 137 at .5232
MeV, which was doped into the crysials and adjusting according to the high
voltage supply (o the photomultiplier tukes,

The spectra of poassivm (K}, the uwranivm (17} series auwd (he thorum (Thy
series overlap, Each speciral window selected to detect voc radioelermnent will
therefore also contain some effect from the other bwo radicelements.

Comecting for this spectral overlap is called “stipping” {IAEA, 19913,
Before commencement of the individual surveys, the spectrometer were there-
fore calibrated cither at Lansecia Airport {R.5.A.) where calibration pads had
been established by the South African Atomic Energy Bourd ur using sources
of known concentrations in the possession of the South African Geological
Jurvey,

By use of concrete pads or pure sources containing known conecntrations
of the radic-elémnents the so-called siripping coefficients can be determined
which descrbe the ratios of the ¢oumts detecied in ene window (o those in
anolher window.  Stripping cocfficients were deteemined for most of the sur-
veys (see Tables 2, pp. 17-20), Hewever, mainly due to missing standards, it
must be assumed that stripping procedures applied might not have achivved its
ohjective, expecially for the early surveys.

2.3.3 Aux.if:'ary Acguirition Parameters

Az most of the surveys were flown with a constant ground clearance, use
of 2 radar alimerer was compuisory, Furthermore, a radar altimeter constitutes
an essential part of the equipment for gamuma-ray surveying. Therefore speci-
fied accuracics were abour + 3% and radar altitude was eontinuously recorded

11
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Eberle

on anaboguee chart and magnetic tape.

Gamma-rays are alienuated by air in an approximately exponential fashion

for rypical ranges of survey altitude (Grasty and Minty, 1995). Provision of a
radar alumeter therefore epabled comrections for airerafl altitude which are

clearly an importanl part of the processing procedurcs {cf. chap. 2.4),

-2

Positdoning ¢ontrol was provided by a tacking camera, either 35 mm

mechanical or clectronic (video). Exposure rates usmally varied from 1
frames cvery two secomsds whilst on traverse.  Synchronization with both digi-

tal and analogue geophystcal records was always provided.

Mesely apalogue surveys were conducted untl the mid 1970°s, thereafter
survey Jula were collected both analogue and digital. Typical equipment

parameters are described in Eberle and Huiching (1996).

R

13




£} PIqEL

4
£ —
m WFARD SQUCOAT | _
=5 anlvpeuE :
oz Ayue dyjeice
b, FEIILT] Lk
= SORTEEL B0 e TR TRLY--% LU LS . RLEDEL (6 PUBIRAH
o ENAUDILELASE |l Bnads ey Lungn 52 LAl NENILIETS] ok 5M IR Wy Bke EL <RI SEL MAT
o |, COAG fpauuay .
= (Uil SE0DR
| aricig. 8
b Ao driped
A ' rapdusin
m ELEIL TR . |
= SNOUDJYILAse RS FE (- TR TH T U 1) ] =X =113 o EEAQRD
& "Q0EE AdEUEY 11 RISENS - JRHIY AU ooa st SO ELS B ok 2] T wopg IETEL - RIVEL L 0=
H e Y i
.r.m. '1u 5RO
& LR -TREEL] "noda s, 5
= 131 191ANAD A HE + panGUra wnisEeg : DABIILD ard g
& CE - OO She © 10 DOB MS EBWERD [ @A) JunD FH xanLes [ g BN TEmwpdl oI EL [ - Sl A6kTS
L l Ly
o : H FE Y] —
H 1M gama
28E | "Il |9} BSE) ngeley
-1331] 1919180 Q06 HD + pRNDWSL wnEIED DErEED HRICLIEE
EF -Hodsid | 16l nop g5 =uiaweag §RSL Jann FH RO L'y -3 TER wpdl ash el - hlras GRS
07 510 ' E HUCE
4330 2de ) cOLE E= -1 ECREY,] - b0
ApauLEy el | B EMD pahidley UBENEWBAD FrIre) [EquEE R
SRS NN fg 5591 AHD0 LoD 'L -9 TR urpok BER T * LHsg £2/C2S
60 SR LOLE ¢ FEE |G SIEpE) - LT
Apauua 'pL LS IQI9E1A0 (K6 MO + ELED ! 10 wogs Bid b Ly eirde
LTINS _ I3l J0p 4 siAUnan 1U G 5T THIRWIID | mL -9 Ul B o oo 12549 BRI HE BQEE
1 e T T T d
: TAAHEINI DNIdRYS TV Tdiws | eyl !
, WMIGA $0L03130 'WOLPIRS3Y | MOl ) !
H ML 5 ‘HZLIWDE] 23d= EREEEEEE ‘31 ar “oyrd3T [N ] 1HEITH Ell=ll] [CL Sk
OIRo e =l DLINTYR ReiE T F5HIAvel | IEHIAYHL 14274 T¥1aL Jdiyad AIAHNS
|
i b o Bk ot A 1 et it A i R i T e i
o1 elqel
A38p0 aclu | T e - - —
O/ Spaulay 232 | | 25l BIEHEI :
FLL S AQIR18 OO0 WD LN -3 Eq0 8 SRE0XE BuivgsuIB
BEWAAS |+ [F) 0DR AT FUAeas 1 B0 BT UL EMEWOEE a'f SN | CTE wpol 205 L - B0/BE _ SAMEE
& Yoap aueL ;
e Apugay b L =y -TRRC R LT3 TT] ] !
PLLE 113830 QLG J9 LN R = ] ¥A/a0ME Hy'-
SOPIBWOET: |+ [2) J03 Y Soaiallcac IO 'TLAD FRALINED ok whne-gn | e wpgl 198 38 - 9040 4 PR
[ pde| o h
00LA Apauuey 236 | Y B9 BFEHE) _ URENAY
i a HPAle] 108 ds aw ] Ll LRANRD -Buuawiay
EuIbWoes |+ (d) 038 WD Solaag . AU ana 5% 'E LB FRIEWWDAE ol Jesean | The wom By Z2 - LOME taalE
EEEHERT] 7
acLa ...:mr__._mv_ “3EE | e, BOEHEL)
LIV H|TW18 Q0 M SRER01Y CHEDT L BLUMF |
sdlboes |+ (91 0pR Y =awnas 14 00 52 'EHa0 SBurant Bl 5N OTFe wggl FET [ - BT LIS
TomaR | ) Rl eaepEd| AT
¥R+ 101330 QG 4D LIERRETT IEAEVET ‘malunt
SINRWSAT |+ (B COB-HD EIRILGAE dbtonge | DLED FMBWGRD ol MAEHN | T8 woal LE0 E¥ - LDIED WBLD | -
I=pInag) LafvhEn -
By - 0B BT
ENRU0IYRILEE D85 LUy Edl "ya geT 288 LU L mRiLLRR | peBEIRLED
arag Lpauusy 11 BAIRES bty ¢ LUQnoSE | 'EOES SSHISWIES oL M-3g S| IBe wpps 554 95 - GIdE 0pELE
— - .
W_ ; UCRIANIING
tr ! : BLRLS
[V . Jopunaas ede i N P )
R Hab ApELe L a85 EZLD | { BLITIE
G 201 5 " vBaE THSIT LU ARhenyg _ BURBILE | ROURLEA
i . SIEUIAD WwhjUEIDEKy M IR ST | el WEW I [edin _ T M3 B wrap AEd ¥E - LOEE BT LS
.m _ JeT LONLEL 253 OTL'D _ !
H 1apaa) ede) " HAE F9DIa 'LU L eielEmid FifE0MEE ILL =P
M HOLE paLoey | w3 L4 DAG ST | HI ey g0 (e8I0 .m Fi 3| ree woal 4t BE - g0 FLILLT
_f. 1 TWAdIALK SN 'rE EIR WL ik '
& FWNIon 4175130 WL EIY _. k1 funfl
M _ MCILIS EEIE L TRat 71} CPELEEE ] ‘@aLan ! Yuyd3s ML ayIn LHAIFK JOEFNN | MMOTd
] G rLvd AN JLIHEYE OULINSYR | 3SHIAVEL | ISYFAVHL | LMD W0l | oomad | A3suns




fricx

tric dara ret of Neami

epioral Fadiome

£

Ay

& and Peizal

Auichin

Eferia

12 B8l
* FLINLOLLEY ey waalnz yzed wkqy
antigeue pue ] Guiddewecas: pii Fapooue Bseyd ‘|49 oot *unddres Jajddiog Bupddurs BIpURYEND
S Bacte] Bl "l SvBIEdr HEIDY RERBIUN HIQOE T ORI & ‘gn|ESald elagd ‘|Ensis, "|EACULE] PUrIE DB Lons
o e [RIUAUERIBIQID
Gungsouuayor mIRLED Yied Tl . BLES
1 Qukidewao & pr] | 4206 Siakselega pag) oRIFIEIN wocdns 1ajfdeg Busddus ‘Ang slMesn
"W GUPRBIBdy WBILly | PP 11983 1D DOR YR 6 'BAIRSAIM CI0ud '[BNE]A "[BADMIES ORI TR BUFS
Dirqsaugirap Bl Yjed qya)
VP Guddalieus ' pdy | ¥=ale pwE R OO0 & Pa|IsIRun “roddns Jakidog Gurddigs LI TT: W e
Aol BUEGedD Yooy | pB0te Qlg0EE 1dE D08 IR E R 1A T T LT "|B R Ay PUNCU0Y Y sanis
BanagBULE Yo BIBLIG 1184 qylie)
017 Bmesdgiunas “ary [ 430K ; S1873818)3 bap £ 'palagoiun ‘wedit imxdniag LTI runIBwG
duiey Qunesade ey 'PARDT 20283 '8 O0A HIBIL§ "E2yesow aloyd ‘renps "IRAQIME) NLNREYIEG PR
Eingsauuay ey Rrawea e e
filla ] Buiddepag ‘Weddng saiddag Euddine RURLA S
ELEp BNBEELE | CIBACUUNH S0 - EquIg WEIERE |oU "S3|eAw ajoyd ‘jens|a "[Rnniua) punebaeg ELIGS + TLIPE -~
—_—
“alrEd
&Il ASEIALUES) I
A0 & hBmans
LIRS IRTE )
sapuanill |7 Ewonanposd alpals dagy | Prdpalog
e RIEIEEd | o dwnaBuaady yaruny et %4 00 FE(LEILINZR o pandde yair ; -
Aue TP Suevanpod oipn|s TEN AldLuky Ljed Jydyy 5501 adog
eirp SEEUE | “PIYOLeniUnEEds YRy FIETHET 1) “ga|BS el CHaLK '|BRSL Guedduys \Lzs
Aluo [ Fa7 TUGRNPDIY Cearg depy wiawms y1ad ayty [NTEER
BLBp anbdeny | piq dweoduneiedo Jeiay WEIE|EE o 'sTrescyl Dpayd Ersa Pojj3dE pou Byl
AMAWIZINHMNI
wivo
YR AridiNGD vl 3 HIHY W Ly AL QT Adadng
CEVT I 1k N o Sl il s i it L e, b aliudis 3 a0,y ol
'l #ideL
OREEE N Tt =
andojrue
£E - 9 Sy FAFLT0
Pl LA 1Man
- w0 Kk aore \nodaa
LR oAk | "I Bl RANGLIES LWAN[SBHE TESLLIBL L EET
ededess | QoI HS =AUInan THE! dd$) | - Dl seugdas a'Lsd'n M e wgE FETL * BOSL yoe
v Eh -3l s
= HTR=tT] A0E ¥
aday 2R - & [ DBS L UE B EE ‘umATL PR TTR = 1< 1 TRsmEL qe0y
SaU0IgaL s Il erpods Jeggun A4 pan 52 [IRE:T ol 3005 B 18 ok HAD L SNl 20 RO
IEE L0318 JIng F1Big 1
TROIE ] EECETE R
ade; smea < g | RAR |0y BGE 'UT BT HRD LSt neung
AMOULILILASE I eaEAdE oyl 19000 57 SRR 4 w3 '8 wapl LT T ZiLe WD
O05E Spalsiey
TEPIEDS AT
A0CLYOTA - 6 | TEE | N 9DE 4 AEL R 8T JIE
ARUAILASH RUILNELCE R LU 000 52 Rlewoag ol fLE| rEE Wl oo b - LI LB BHID
TNIRE ARy . -
=IRTERE] TBE L o
ade| yagn -y 985 £ A BRI 852 L L te|ednd LB olirng
anausufsy "I Raj3RdE JRU LU man 52 LT &Q o] TH8 WAk oFL 2T . BOER 208 WD
COBE £ESuUay JIncy (#1160
FETTEET 8BS 7
e qOkl -4 [ 385 7 0% @) e BRE LU | 'R B aaMICeL cllensmilg
ENQuCIy s "I eapadg seygay LY LR SDuRwWIRo 4] S TEE Wl aco o - SWKL LE KA
aCE CoAUEY
JT-Ta =T 2008 |
AOB| YRN8 | 205 | gEh 017 95T Al L apeRangy BT puBIDXAC
TOUNILE5E ‘Il Blals a3 Luam sz I wewg ol ] TEE g war L -Gl B HOD
OngA ApaLa B I jeuig i
THAHIALNI " Fa
, Sl Tdite ; ETR Rl
j 3G H0193190 | HOILMI0S3E [wy) fry)
NCILLIS "HALAWOYL DTS | El R EEEY] "HRLAk HOIL4deads | WoILD3-I0 rHAIRH %I ey !
“no%e vl : - ; SNLINEYIN ~OLINAYIY EELELUEAR ASYAnTHL 1H2ITd hLAE~]] dCIx3ad AIAHNS
] - i




B

i

5
=
_..m_... .
3 £'Z OHeL
L] .. —
- (Gl O]
2 - (gt TGIOD LB gifuy ! Blgun e U Buiddus ELL LT
-M LJHEMRE SdEL 'sRairdag Binddewnag |ualtiea oL _. ‘ea|ESall cqoud '|BrE]Y ‘[BADWEF pUngalyey L NAD
[ | s e A1 (ALY ) Xang B
B i W0 [FERTTED :
By - o] uauzas) !
£ [ALRREIFEIRD BiraseuLRyon : clearea Lt i) Hurdduis H B
= 'sRoLIRS Buiddewnag Ieuyo) Jaaereys |05y |4 ang ‘sajezaw ool |onse ‘|uanilay pUNoOy0Eg LR W0
.m "R LG e maay
o PalsRabal L) oo
M ‘o (fid] seepaeg (oo [LITTE[RETLLA]T. olowea uied 1yBiy "AuddiIE iz |,
5 Cn Gujllede ket 1715y U) sedby (48 069 L f2E0 o “S|d2aW oL aRtn 'pEAOLWA pUnoJEyTRg ArES
bra ucap et |Gy o
o DI Dh) SEEPOBE [ ISR A lawes Yied jydy ‘Auiddiie JPLIIRLI L=
“Ouro Tl PRSA0 WRLw 1125 Ul $606 [JE 0OS | 4180 A 1 LTI L T T ‘EAdLI FUNOJONTED EOCES
P A1) e WAy eings mad ) Buyddja= |EuapEN
CERT L) BIROBE poyo= “mespy oqpd |Rrge |BARLRY punculyaeg iaires
BIBLUE LEd BH T
P i) v & Stupan RAFGBIUN |5 LKD) "woddns Japddog Aind|iE ey i
"I Awog BupEado yesury | JeEeleya 435y ' |IdE DOR | MR 6 ~2|BEOL CHoLd '|BrEL "Bl EUNCIDNTE] [=1: fh s ]
FEEVERNEATE]
wilvd
ST AHYTHING D FdW i ANHIYY ML SN il [ [eblep b Adfiang
y—— il L TS T AT PRI TACI -2 T ol - H P Y Pl A S P B ¥ ol e dE T B HOSPETTRC T iy PR L 4 A e T el g =
T aqeL
HI ) W 2 SSEpass pl|jage|un EwIn) Alalies yied 6y | ueepabos yhay 'Gujed))s Aingseaey ||
i des BUIEsEd Yeriey | DOERIELE 1SSy 14 g0 xodll g ‘SOl byl juben ‘|lexcabial puneddyacey A0S
T d) v § SEpoRs | PH||BIE|UM "B mplEs 438d yB) | gopsaeas by Duddus iyl
"ol dwen funsedo yerury | 181980BYS || DEY -8 O0AL TRLE 'sO|g20W apayd ranss ‘|aauia punoibyeg PRIBLS
uonaenad WGay EELET
] (Al ' sEeRDAS [ENTEL LT T EIEWAD JperF Wi ‘duddis -Oupawjay
"B (kg ke | JRIIRIRN3 1S 14E 0091 IR E "BIIBSOW CEY |ENE|h ‘el EUOIG{a5 chals
"I (et oS BEEABAS il
o1 sRisEs Buddenizan P [BQBILN e L] dlalima Yied g8y Buedps eyLIng |
"R b e XBey | SIZEABLT |IDEY 1B 008 & HOEN A “$|8siw cild ‘|ensn IPARILA) piacyEyIe TRLLE
"R (Al 95 SEBRCAR LKl ELKIT TUdey M=
"0 5eInEE DujckdElnan BRI AL * |Elus) A yed qyig ‘i e 'JELIrE ]
PRI ChL) Jrw XBAY | 09ITEIBLD A I8 09 £ OHIR § EoTL T S T BAMLE] PUNCIGHIEY LG
01 e s B2ERCES Lr0[|34100 JUBIBL
o secvuag Buddgsag 15 WLAID] ®20|q BFIEUEh miawes ued ayGing ‘tupddute PUBIEIBLIE] o0
"B (Al e xa sy "DI02E3 V4D CABL “HIB 8 'SMBSC oyl (e "|8ARUIE) pUNGIERER amcLs -
UACELIOLULRE
Giiels
— ey
W Mngsuuear . : BLELE
nm “SEmag wedknEnag eJawez y1ad wky Burddug - "y Pl
ple yzloasay aavAaegaap) [=E1LIE) 'STBAIW Loyd CEndts "laAllLE putalGyzEn BLIELE -
.W anfcieve Wingeouu sLap e yied W
. puE dpua "1 BUjddeLsase pepeoie g5eNd '|dg pag 'peddng eddog duddigs UREILEY
m sadel fiEy | R dwog Bjeendy ey 'BRNAGEILN "2IODET AL & 'SIIEEDL aoud ‘Bns|s JBALLAG NGy Te] FLLLE
8 _ e
5 ANZHILNTHNT
T i LAk [s]
" FEELLEE] AMp TS A=yl AMHIHY ROILLY 1A i Q13 AARHNS

Eberle




Eherle , Hutchiny and Petzel Regional radiomeiric datea st of Namibia
2.4 Pracessing
- J—
" 3 -g8s J |% E Duning the course of time various procedires were applied w obtain and
E 2 £ ﬁ L E EE %g %; 5 vistalize gamma-ray data as free from interfening infloences as possible.
= EfEEeT o g Efsw Ed
EE R esis ! . . . -
FES GRS m=fouf In some cases where processing was not even carmied out either due to limied
Td =z 3 - EER £ i |=x & i V " funds or possibly due 1o lack ‘:ff interest in these dara, the data when digirally
. 3 [E: |EmED: ldzEd t1ezEzE | E recorded were dumped to archive tapes.
E £ |5x EZaZ58 [EZE5a3 [EfEEE | 2
£ g E U% - *;“’Ef_'-m ‘E-'E?ﬁﬂ-'? %En o |52 .8
g 33za 555';EEEEQE'E-“J—:EEEEEE'EEE—"E'IE 241 Corrections Applied
z Faxds [Ega R T R T
S B TR o R B ER RS e
= Eé 3 5.5 59 % 2 Edg % B 5c 3 6%5 E_E 3 % Bes 2 g 3 The counts recorded in any window have thrce background COMERONRENts.
] EREEE R L EE e e B i 6|3 Z o
LA £E5E5E SEisTZEEEEE S8 These background components originate from
F
g i sz g4 g4 i (1) radon {Ra) decay produets in the air,
w 53 53 | sE% 58 | & g |8 1 (2} radivactivity of the sircraft and its equipment,
'% :é g E E E% Ej E"iE £ Ex Eg E : 3} high energy cosmic ray particles that interact with the air,
= ZE §f ) EErZ | s SEgy =5ig g} F the aircrall and the detector {Grasty and Minty, L995),
§ | 23F | B2 §siid §53i3 §.i0Y %
B Ex: Ze: Ems E5 £r EEE Zs EEE : F Background removal procedures as described by the bulk of the cpera-
2 E £ 2 ‘E% %:EEI_%?E - a E £5 2 s % § 3 : tional repons ooly consider component {2}, which was achieved by SUrvEying
= L k- = = = i : ;
i <ha SOEEY T828e YSENS S - : @ high altinede test ling to obtain the mos! relisble estimate of the total count
: background. The procedure was applied for nearly all surveys with the EXCED-
g g g f ton of the early surveys conducted between 1968 and 1972 (cf Tables .
g i 4 £ ;i g i Flights over the South Atlantic ocean for measurement of background have not
3 is 22 5.2 253 2c3 2 ] beed reparted,
: | &5 $5 | FE3 | EEE| 25| 4f f
=z = x 223 - ) B A ) :
- EE _Ei _.Egi _.E E-i _.E EE ;E Height comections were applicd only (o a rainor eatent USITLE & COnven-
iE. 32 | 388z | 3 82 | ZBEE | BE : tional exponential formala
£ == | R5EF | 2552 | ESSE T ZF 2
— E MNh = Ny exp (-uh)
F where
E % H E H 3 T E ; Np is the background corrected and stripped count rate,
LEM B e & : < E E 2 3 Ny is the count rate at ground level,
5 E E 2 lE- _E ‘l'é l§_ z T 2 I it is the attenualion coefficient,
& E—E E'EE %—E ETE_ 3 E EEE s and h is the height above grownd Jevel,
2 | EsREE |1t | if | iE : '
a=s o 2 a 2w
The values of the attenuation cocfficients for cach window were deter-
i - mined by [esting various coefficients and selecting the optimurm resull, obwvi-
& . s E = o o o ously ignaring the procedurs of making a serics of fiights at difivrent heighis
a z £ gg 3 ;E Eﬁ Ed ﬁ ower an wirborne {dynamic) calibration range as suggested and deseribed by
o o w = o s =] ‘3 - . '
53 85 | 3v el } il 5 £ E LAEA (1991}, Therefore the accuracy of the height cotections applied must
be considered with some reservations.
20 . |
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Althongh the gamma-ray window count rates depend oo air temperatume
and pressure. corcctions For a standard atmosphers have not been Teported;
nor allowances made for the increase of the three smpping ratios with altitude
above the pround resulting from scatterdng of gamma-rays in the air layer
between the detector and the ground aurface.

Further eomrections and calibrations, such as determination of the radon and
cosmic backgrounds or of system sensitivitics, wera not pursned, presumably
beause they were not specified and required by the tender documents.

242 Lire Archive Daia

When digitally recorded, all data used in a survey - calibration Lincs, test
Hres and production data - wete wiftien to final aechive tapes. The archive data
were recorded on nine tack, 800 o 16{0 bpi tapes, EBCDIC code, snd in
ASCIE charecter [ommat applying various block Jengths. The Ales arc mainly
unlabeiled.

The Line archive dula together with the analogue charts of the carly surveys
(From 1968 to 1977} were the main souece data for the compilation of the
tefined airborne radiometric data as digital grids and radiowelric maps.

3. Standardization and Compilation

High-Sense Geophysics Lid,, Toroote, were coniracied to standardize,
compile and merge selected Mumibian aivbome gamma ray data ot a master
digital data set. Supervision was carried out jointly by the BGR and the GSN.
These digital data could then e used to produce maps of

(1} eXposure rate,

2} gound concentrations of potassium, vraninm and thorium,
(3 elemental ratios,
) lermary images.

Diata were processed fret from an area of west ceniral Nawmibia, comprising
four {43 1 : 250 O scale map sheets - namely 2014 (Fransfontein), 2006
(Oyiwaronga), 2114 {Omammu) and 2116 (Okahandja) covering an area of
almost 41 D00 square Kilometers. This radiometric data resourcs comprises ten
different surveys flown hertween 1968 and 1980 with approximately 42 000
line kilometers of analozue chart reconds and about 49 000 line kilometers of

n

Eegional radiomerric dala see of Namibia

digitat data. This area gives a representative sampling of the differcnt types of
radinmetnic data available in Namimia.

The suceess of the compilation of data from weat central Namibia, 25pe-
cially of thase surveys flown digitally, led BGR/GSN 1o costract High-Sense
Geaphysics Lid. 10 compile data from southem Namibia covenng further
seven (7)1 250 000 scale map shects - namely 2514 (Spencer Bay}, 2516
{Gibeon), 2616 (Bethanicn), 216 {Ai-Ais), 2718 {Grinau}, 2816 {Alexznder
Bay} and 2818 (Warmbad}. These dala compiising seven diffarent surveys with
a total of about 140 (00 line kilometers and a surface of about 110 000 square
kilometers were 1 be processed to sipport an appraisal of the mineral poten-
tal of sputhern Namibia, These surveys are more homogeneous aod consistent
in quality than those from west cenitral Mamibia, and above all, they had the
advantage thal they were completely digital. Analogue data recovery was
therefore not necassary,

3.1 Data Recovery

Analogue data recovery formed a major input. Approximately 46% of the
total line kilometers of the west central area had to be digitized priot to the
refinement of the data. Digitization was undertaken wsing a proprietary imter-
active trace recovery procedure (RE-TRACE) previcusly developed hy the
contracter. This interactive, semi-autornated system scans und vectorizes cach
pen trace of an analogue chart, capturing a perfoct digital reprodoction of both
high and low frequency components, thereby ensuring profile Bdelity for all
gamma-ray channels and aldmeter records (Duffy er al., 19943

Raw digital data were recovered from sither original Geld tapes or from
Line archive tapes. The degres of carly data manipulation (stripping, back-
ground remeval, height comeetions) done by the initial contractors had to be
found out and assessed. This varied from survey to survey for both analogue
and digital datg scts.

Once the data recovery was complete, it was verified, This verification con-
sisted of

(5 the preparation of rongh maps to cnsure completeness,
[ the identifcation of data errors,

(3 the adjustment for eriginal survey fajlings,

) the selecton of suitabis back-calibrabon sites.
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3.2 Back-Calibration

Back-calibration of radiometse data iz based oo the comparson of air-
borne counl ales with ground concenimitions measured beneath the flight path
by a calibrated purtable ganima-ray speotwmeter (Grasty of of, 1392). Aircraft
sensitivity factors calculated by this technigue can be wsed to cotrelate survey
results abtained from radiometric systems with different detector crystal
volumes anid, tn a lesser cxient, different energy windows {Tuffy er al., 1994),

Systematic ground radiorogtsic measurements i Namibla were made at
about twenty (200 calibration “sites™ within each of the arbome survey
blocks. Preferred ground calibration sites were situated at the interseclion of
flight lines and roads, in arcas of uniformby elevated radiotnetric signatures
and subducd topography. By choosing calibration sites located at the same
features used by the survey aircrews for navigation {fiducial markers recorded
on fighl records and manually transferred te navigalion maps and photo
mosaics) good dala correlation was assured.

Each site, for example given by a flight line where it traverses a gravel road
or a farm fence, was evaluated with respect (o potential cultural disturbance or
physivgraphic influences prior to taking ground concentration readings. Four
{4} measurcments were made at every calibration site; two {2) oo ¢ither side
of the road or fence and typically 25 m apart. A laptop computer wis used o
gtore the full digital site spectrum measured by the portable spectrometer.
Prelimivary databases for each survey area {generated during the data verifi-
cation stage} were available on the same computer, allowing each day’s
ground data to be processed, evaluated and compared with the aithome results
while the field crew was sill in the area {Duffy e af., 1994),

24
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Mavigation in the field was via published 1 : 50 000 scale fopographic
maps, assisted by satellitc GP$ (Global Positioning Sysiem). GP5S readings
were used to verify location at sach calibration site, and provided positioning
contro] in areas of featureless temain. A typical sevies of ground calibration
sitcs is shown in Fig. 3 (DufTy ef al., 1994),

| FLIGHT LINE
++ o AT CALIBRATION SITE
- o| =—=~= TRARED ROWD

-~ ———— DITAF ACRD
B FARM BOUMNOARY

o k) T N
s N - .
" . - .,
- . .
h - Am .,
. L 1 5 1. L 1 . "
R W - 5,

Fig. 3 Cluster of ten ground calibration sites, survey 5 1477 (ol Fig, 1).

Airbome count zates at the different calibration sites showed variabions in
radicactivity. Airboroe and ground measurements were therefore compared
separately at each site to derive estimates of the arhome scosifivities. The
uncerdainties in these sensitivities were compiled from the calculated statisu-
cal error of the airborne signal in the vicinity of the grovnd measerements,
i.e. along an approximately 300 - 600 m flight line section cenired where it
crasses the road, as well as from the vaniations in the four ground measure-
ments, based on the mean value of the airboree coont miles and the [our
ground measurements,

The total couni channel was calibrated by comparing the airboric mea-
surements with the calculated exposure raie denved from the ground concen-
trativns of potassivm, uranivm and thonium wsing the following standand rela-
bonships {Grasty ot ab, 1984},

1% K = 1.565 pE/h
1 ppm U = 0.625 pf/h
1 ppm Th = 0.3 1/

The elementat airbome channels were successively calibrated n a very sim-
ilar mammer by comparison wilh the measured ground concenirations of each
natural element

23
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Tabile 3 provides an example of the tolal count sensiiviles [or survey block
5 1077, The final sensitvity was calculated from the individual sensitivitics
taking o consideration emors associated with Calibrations ar each ground
mezsuremen! location. Fig. 4 compares the exposare rates (pBEMY) at each of
the calibration siles,
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Regional radiometric datg set of Mamibia

Table I, Calibmuions Mo the wiaf count channal €5 10577,

Fig. 4 Companrison of airborne and ground exposure rale measurements atter
back-calibration, survey 5 1077, Horizontal bars indicate ground data
range {Duffy er af.| 1994,

o

Site Mumber Calculated Adrborne Tinal Sensitivity
Expasure Counts [ops) (vpafpBfh)
Rate (uR/h)
2 1.64+/-08 01 4 24 260 4-27
3 179 4/-259 258 +f- 3D 144 +f- 2.9
4 183 +f- 07 236 +/- 33 3 -21
5 186 -7 574 4 35 0022
16 178+ 1.2 566 /- 44 I1Ei 33

3.3 Dma Enhancement and Merging

Nuring the final stage of data processing, the individoal surveys were
“Ane™-levelled using a varation of microlevelling adapted for radiomermics.
Fach survey was processed independently following standard radiometric cor-
rection procedures consisting of backgroend determination and removal,
Compion stripping (where reguired, some anslogues bad already been
siripped) and height correction (3ee [ARA, 1991; Grasly and Minty, 1995).

All surveys wers contineed o 2 comman flight heigh of 100 m above tar-
rain Filters optimally adapted to the nature of radiomeiric data were applied
to reduce noise effects. Intermediate giids of each survey Block were prepared
throughout the process and checked For interal consistency with an imaging
program.

Adrbomme sensitivides were then re—calculated for each suovey block and
applied to penerats equal area pround concentration grids for cach component.
Tndividual survey areas were merged together on central meridians of 15°E,
17°E and 19°E al a 250 m grid cell size. The data were decomugated
(Urqubart, 1955} and contoured, with any potential damares mitigated by the
carlier application ol fne levelling {Duffy er af., 1994} Remaining concentra-
tion differences berween survey blocks are artributed to incompalible spectral
windows.

in areas of mgped temain, exaggerated highs and lows may be iptroduced
by the height cormecHon, particularly where the survey aircraft exceeded nominal
tesrain clearance.
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3.4 Dara Presentatinn

The back-calibration and enbancement processes facilitated merging of the
individual surveys 1 provide 2 master digital grid, for each of the components
{potassiwm, uranium, thorum and exposure m@ie), The merged datz are avail-
able as spther coatowr maps or a5 gridded data.

34 f Map Products

Eoth menachrome and colour 1 : 250 000 scale contour maps for each of
the components were produced from the final andg standardized 230 m gridded
dala in the MNamibian Lo Projection using central meridians of 15°E,
17°E, and I19°E. Fig. 3 shows the layout and naming of the sheets so far com-
piled. They are conform o scale and cogediniate system with the existing
topocadasiral, geotogical and regional sirbome magnetc map scries.
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Fig. 5 Sheet layout of the 1@ 250 000 scale regional airbome radiometrdc map
EETIES.
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Radiometse ratins were calcubated from ihe corrected ground concentra-
tion data. Elemental ratios are particularty uscful because they are less affected
by source geometry and surface vasiability then individual ¢lement dala
{Damley and Ford, 1989]. Elemental data were prs—onditicned by having set
negative radivclement concentrations duc lo statistical noise and non-opti-
mum siHpping, tesp., to zero. To lurther minimize the influence of statslical
noise in low aclivity areas, datz for each clement were accumulated over 2
limited eacdivns to attain a minimum treshold level poer o ratio caliulation.
Ratios were not applied if these minimums were oot reached.

The confidence fevel of the calculated radio-elements ratio is immediately
related B0 local activity. As active areas tend to prodoce more reliable ratios,
users are recoramended o consult the comesponding exXposure rate mMaps.

Mo wranjum {I7pthofium (Th) and waeiom (U¥potassium (K ratio maps
were produced dus to the generally fairly poisy character of the uranium data,
Thorium (Th)/potassiom (K) ratios were produced only for two west centml
map sheets, namely 2014 (Fransfontein} and 2016 (Ofjiwarongo), and the
southern Mamibia map sheets. The Th/E ratio significantly increases from
ultrabasic to acid ignecws rocks thus being a usefo] indicater of the composi-
ton of igneous rocks.

Three-component compilations commonly refemed to as wmary maps
were preparcd for all map shests so far processed. The termary display is
fummed by calculating the relative concontratian of the thiee rdic-elements (K, 1,
Th) at cach data point. The svbieactive primary colours, yeliow, magenta, and
cyan, are wsed to represent the three radic-elements thorium, potassium and
uranium. Individual colonss are set to provide the greatest variation in coloor
within the range of mest foquently observed concentrations. Towl radicactivity
informution 1s added by varying the colour saturation al each point aceording
tn the totzl count level. Colours resulting from the combination of the con-
centration images reflect variations in relative content of the three elemental
tadio sources, with statistical certainty increasing with colour densily.

Some residual effects from crmors and deficiencies inherent in the original
data Fooin the west central areas can be scen in the Goal products, However,
the resuliant radiometric grid and map products enable correlation hetween
surveys, and across the sclected area, Products from the southern sreas hardly
show anyonc of (hese imperfections reflecting (he technical progress made 1o
tadiometric surveying withio a single decade.




Eberie Hulchins and Petzel

All maps contajn geographic information (roads, coastline, wwns), which
was supplied in digital format by the Gealogical Survey of Namibia (GSM)
from 1 : 250 000 scale topographic maps. The film masters of the monochrome
COontGur eraps are in the archives of the GSN.

342 Dightaf Data Products

The final digital gridded data were archived as ASCII compressed charac-
ters -in the Geosoft GXF File format onto 3.5 floppy discs, at 4 grid cell size
of 250 m. The pridded data sets consist of a header confaning all necessary
mformation, such a3 origin, cell size, storing sense, followed by the data stored
row after row, Each grid poinl is described by the

{1} easling coordinate {m),

2 northing coordinate {m),.

(3} final radiometric valus,

) elcvation (m} of topography from the Migital Terrain Model
(DT

The GXF files can be converted to common ASCTT XYZ or to Censof? files
using the Geosoft programs GXFEXE and GRIDXYZ.EXE.
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4. Comment on Interpretation

Airbomne radiometrics are widely considered as a surhcial mapping lechnique
singe approxunately 95 % of the collected radiation i emilied fem the upper 50 <
of the grownd (. Miglson f ol 1990), A minor thickness of everburden absocbs
already most of the radiation ermitted by camouflaged bedrock, This, huwever, does
nol constrain the vye of the metheod 10 arcas with extensive outcrops. Thick resi-
alueal 5ol cover, except for allevial plains or acolian sands, reasonanly reflects the
composition of the immediaely underlying bedrock source. Tharefore aichomme
radipmetics have proven @ valuable tool in mapping lithologics.

Disnnguishing lithologies iz possible due to the vanyiog content of Dateal
radic-elemens. As a rale of thamb it can be saad that acid ipnecus rocks show a
sronger gamma adiation than wlwabasic to basic iotrusives and effusives.
Sediments radiate the more intensively the more they contain clayish and graphiic
particles, 1.e. schisis, silks, shales and other pelitic sediments generally exhibit
Stronger tadiation than carbonates and quartzikes.

5. Radiometric Patterns and Major Geological Uniés in West
Central Namihia

West central Namibia is largely covered by rocks of the late Prterezoic (Pan-
African) Damara orogen, hosting a ¢ouple of prominent Mesozoic anorogenic
intrusions (Fig. 6). The airbome radiometric maps and  termoary displays
(BGRAGEN 1994a, 1994h)  comprise the 1 ; 250 (00 scale sheets 2014
¢(Fransfontein), 2016 (Ogiwarcnge), 2114 (Omararu) end 2116 (Okahandja)
covering the Ceniral and Morthern Zones of the Damara oropen (Miller, 19873,
Prevalent lithelogics are metasedimentary, granitic, and gneissic.

5.1 Map Sheet 2014 (Fransfontetn)

In terts of nalurd gamma tadiation, this map sheet is one of the most out-
standing from the cantral west area

Scveral high radiation clusters can be ubscrved in its central, southem wnd
weslem purtions. In the centre area potassinm diation is predominant, whereas
radiation in the south and west is mainky doe to high thedum contents, The radia-
tiun highs are produced by the K-rich voleanics (ipnimbrites) of the Mitten Fold
and Surrmas Movniains as well as by Salem-type, and to 9 minor extent, by post-
tectonic Sormis-Sorris granites ko the west and southwest of the L-shaped Mitten
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Fald. The large, pval-shaped high radiation complex of the Cruangamba pluton
{iraversed by district road O 2612, which leads to Twyfellontein) to the west of the
Miten Fold neatly comrasts with its weak radiation vicinity,

In the southeast of the sheet, the Orjohorongs thrust fault is clearly marked by
a steep pradient produced by the immediate contact of high radiating Safem-type
granitcs in the south with poor rediating metasedimentary wnits (Kuiseb and
Karibib Frns. ) in the oonh,

"A more or less cirenlar prominent radiation high was observed over the sye-
nite complex about 5 km to the west of the village of Otvhorosge. Increased
greund concentrations of wranium (> 10 ppm} and thorum (app. 70 ppin} are indi-
cated by this apomaly. The Ckenyenya igneous complex situated 15 lon further to
the west fails to produce a radiation anomaly, as onc would have not inatiadly
expected. The complex, however, consises of gabbroic rock rypes (Watking and Je
Rocx, 1994), which fully explains its poor mdiation patteen.

The contral cast part of the sheet iz quite low 1o radiation indicating thar the
mctascdimentary units of the Northern Zone (Kuiseb, Karibit, Okonguard Fms, of
the Swakop Grovp and Ugab Subgroup) and Karoo cover sediments peaduce ooly
weak radiometmic signals. A thick sequence of carbonares exposed in the Ckotjize
and Ceongue Folds simated v the cast of the Mitteo Fold is characterized by dis-
pincl racdhation lows,

The: sunthem boundary of the Eamanjab inlier is clearly marked by another
conspicnons gradient featwre with radiometric intensilies changing over a shott
htmieomial distance from low average exposure tales of 3 uRh over pelilic to
dolomitic metasedimants of the Otavi and Mulden Groups in the south to abouk
10 pRMh i the mean over pre-Damaran gneisses and granircs in the north.

Abnoot 25 kg 10 (he west of the town of Kherixas a sickle-shaped sequence of
sinpular radtation highs can be observed cunning in 3 move or less SSW/NNE-
direction. They may be attriboled to volcanics of the Nosib Group deposited duor-
ing the rifting stage of the Damara orogen. Potassium concentrations arc oo a
lower tevel, but thonem concentrations are largely increased apainst background.
A swarmn of carbonatite dykes reported from the faetns Lafdal snd Bereville by
Chchi (1992} is supposed (o produce this interesting radiation padterte. Tn one case,
a local, but distine! vranium anumaly (= 10 ppm) was detected. This anomaly is
likely to be associated with the (as/T.oldal syenite stock (see Dichl, 19923,
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3.2 Map Shear 2016 {Otfiwarongn)

Matural gamma radiation gradually decrcases from west to east dus to the
increasing occwrrence of Kanoo and Kalahari cover sedimenits owands the cast.

There are several more ot less circular high radiation panems in the area
between longitudes 16°E and 17°E. An approximately 50 km wide, SW/INE
runming high adiation cluster extends from Kalkveld in the most sonthwestem
eorner to approximately 50 km E and SE of Otjiwaronge in fhe centre of the
map shect, It i5 produced by vanous granitic rocks of Damaran age bearing
thorium in abundance {3ee respective yellow patiern in temary map).

Extremely low radiation can be observed over the whole of the Waterbers
plarean bl up by Karoo-aged acolian Eijo sandstones that must be assumed
to be very poor in clay minerals due fo their nepligible potassium concentra-
tions. The whole of the Omaheke region as far as covered by this map sheet is
alsa very low in radiation. A slight increase im radiation can only be obscrved
along the rwo Omatako river beds since urunifeross minerals are fairly leach-
able. [nformation from bensath the Kalshar sand cover is not ohtainable a5 the
thickness of the sands iz cbviously too great 10 be penetrated by radistdon from
uoderlying bedrock.

The circular high radiation pattems are assowdated with carbonatites of
Mesozoic ages. The radiation high at 20°5/16°43°E is produced by rhe
Okurusu Alkaline Complex whets increased thorium copeentradons are the
major source of rudiation (scc emary map, yellow circular pattern).

Further Lo the southwesl, al about 20°22'5/16° 1 5'E, the Faresis anoropenic
per-alkaline complex is respensible for the strongest individeal radistion high
of the map shee! area, From the ternary map it can be deduced that thorjum and
pranium concentralions are greakest i its aocthwestern part (Th: I00 ppm, U:
15 ppm) and polassium conceslrafion s predominant in iz southeastem
ERremity,

Smaller circnlar radiation features occur some ten kflumelers northwest of
Kalkweld. They arc duc to various smaller Mesoroic alkaline and carbonatite
plugs which form the Kalkveld, Ondemakeorume and Osongombe complexes.
They are fch it thorium (about 1 ppm) and ureniven {gboul 12 ppm).

Fost-Karoo alkaling complexes situated about thicty kilometers to the east
of Kalkveld on farms Ckonjati, Kubusie and Okave close o the Walerberg
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thrust fault are distinguished by increased petassium, Whonium (130 ppm} and
uranium {12 ppmd eoncenirations in an area of generally increased radioactive
background,

A SW/HNE runnning belt of siightiy increased total radiation (average expo-
sure rate of 10uRM) linking the Paresis and the Okoruswe alkaline intrusives
correlates well with pre-Damaran Huab paragneisses (Miller and Schalk,
1980, Naturat radiation is due to their increased potassiom concentrations (sec
polassinm and termary maps).

5.3 Map Sheet 2104 ¢marru)

Average natural gamona radiation gradoally increases from wesl to east in
the map sheet arca. The cosstal plains including the Messum crater, the
Gobobosebberge and even the Brandberg are sxiremely low in garma radia-
tion. Dala collected in the Brandberg area should, however, be considered with
sorne reservations due to very steep surface pradients and terrain clearances for
reasons of flisht safety probably greater than the norinat flight height, Caly
east of the Henties Bay - Uis gravel eoad radiadon attains mere increased average
backeround values of about 10 to 154F/h,

Local strong cadistion highs are observed in the coastal plains over scat-
tered outcrops of Salem-type granites, undilierentiated rocks of the Nosib Fm.
and tarbiditic metasediments of the Swakop Group. Interestingly, some peaks
show non-average UTh-ratios of about 1. They ocour in the fonmer Mile 72,
Henties Bay, Cape Cross apd Narub Rock grants (of. Miller-Kable and
Foesener, 1996) and are produced by secondary enrichments of wanium in
caleretes and gyporetes frequent!y bound o drainage systems.

In some portions of the Omarum plains radiation is fairly increased duc to
higher thoniem concentmwions coowming pacallel to the actoal river bed (see
yeliow patch cloze to 22°3/14°15°E on ternary display), From there, a band of
incrzased radiation with an average width of approzimataly 23 km develops to
the east and northeast extending via Okombahe and the northernmost eutskires
of the Erongo massif to e srea just north of the own of Omarurs. In its sonth-
western section, from the cpastal plains to about the Usakos - Uis eravel road,
vraium 15 the prevalent radic-element. Former umnium prospecls, such as
Marenica, Kleine Spitzkoppe and Ootmoed (cf, Milller-Kahle and Roesener,
19967, are contained by this section of the radiation belt which draws anention
by its promising USTh ratios of 003w about 1, However, the more the belt pro-
cecds to the east, the more the abindance of thonom becomes evident with
LU/Th ratios gelling smaller.
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Stanered fow radiation features within this belt are largely due o the
Arises River adarhle Mermber and oher cacbonates of the Kanbib Fm. (ol
Bliller and Gieote, 198%), Lows in the Uis Berge and nonheast of them are pro-
duced by Karoo sills and dykes {ef. Mibler and Schalk, 1980} A prosmioent
radiation low some twency kilometers NNW of Omanuo extending over the
Elefantenberge is also produced by carbonates of the Karibib Fm.

The outcropping graniies of the Grobe and Kleine Spitekoppe show
increased graund concentzalions of wranium in the vrder of 10 ppm possibly
indicaling that these late Mesozoic intrusives are the source of the varions
surficial (secondary) uranium deposits occurring in the surrcundings. High
thorium concentrations which are wide-spread in the nonth and northeast of the
map sheet arsa can be related wilh mostly lale W post-tectonis |sucDyTanites,
Wide-spread late tectonic biotitic granites of this region are, however, Incon-
gpicuous {cf. Miller and Grote, 19838

The circular shape of the Eronge massid 15 best reflecied by the ummnivm
and thonum copcentratons. Highs dolincate tbe cuter pars predominantly
consisting of granites, whereas lows spread fnbe the inner zone consisting of

basaltic lava flows. The most prominenl high sitwated in the sartbwest of the
" Erongo on farm Omandumba West 137 can be associated with snorogenic late
Mesceaic granites intruded inio syn- o post-iectonic Salem-type granites. Tt is
descrbed by a vranumthonum o of abour 0.4, Forther peak cafio values
of up to 0.3 are observed on farms Brabant 68 and Edromund 51 along the
southern slopes of the Erongo.

5.4 Map Sheat 2116 (Okahandia}

Similarly to geological conditions exisiing in the area of the adjacent map
sheer 2016, natorat radiation gradually decreases from west to cast az Karoo
and Kalshad caver sediments increasingly occnr east of longimde 13°E. The
central northern part of the map shect arca is widely coversd by Omingonde
gilt-, mud- and sandstones (Miller and Schalk, 1980) of Karon age, which
restlts in generally low radiation mainly oniginaling fTom accessory urani-
ferous minerals (see blue pallern in ternary display). Outstandingly Tow radia-
tion was chserved over the Ombotmzo mountains some forty kilometers north
of Gkahandja (farm Matador) s well as over the Etjo Mountains in the north-
west of the map sheet area, These [ows are arributed to Karoo (aeclian) sand-
slones.

Inereased radiation concentrates on the westem and central southem parts
of the map sheet area. In the northwest corner, an extensive pattern of
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increased radiation indicates various Damaran granites that mos! prokatsly ous-
crop fooa emuch larger exent than mapped by Miller and Growe (1983).
Frumediately sonth of the Mount o radiation low, a pattern of high radiation
extends over Salem-lype granites of Damaran age. The major contribution of
the pamma radiation ooginates from high thonum ground CconceniFations
{average valve 70 ppm). Uranum ground conrentrations are in the order of up
i 12 ppn.

Further 1o the south, radistion originating frem potassium betomes mors
prevalent {see pink patiern of temary display). In the area confined appeoxi-
matcly by the Wilhelmstai-Okshandia and Wilhelmstal-Omarim main roads
and by district roads 2108, 2121 and 2328, the radiation pattern is described by
isolated ighs racher than by exgensive high-level radiaton indicating the highly
hetcrogencous composition of the Salem-type grapites as far as the oawral
radio-elements are concerned. Radiation mainly ooginetes from abundane
polassium {see pink pattcrn in temary display) of the Salem-type gramites
which arc locully altered by posl-lectonic metamorphism {Miller and Grate,
1588).

An isolated high on farm Omapyu South 77 is worth mentioning as it s
prisingly occurs over martles of the Swikop Gioop and melasediments of the
Kuisek Fin. Peak concentrations of thorlnm and urasivgm are abeout 80 ppm and
& ppim, espectively. The radiation low situated in the sxreme southwest cotner
of the map sheet arca (suuth of the main road Wilhelhnsial - Kanbib) indeed
correlates with ongrops of marbles of the Kanbib Fm.

The local radiation high at abowt 21°58°5/16°40°E can be atiriboted to the
Ozombanda granite exposed in the Waldaw dome stracture. This pest-tectanic
granite variety is poor in potassium and natural radiation oviginates altaost
entircly from thorinm {< 60 ppm) and wraniuot (< § ppm) sourves {soc green
pattern on ternary display).

A cluster of WEW/ENE running radiation highs simated some twenty kilo-
meters north and northeast of Okahandja has various geological sourees: In the
western portion of this anomaly balt radiation mainky originates from vari-
ous Damaran granites, while in the cast the anomalies can be ascribed ko pre-
Damaran Abbabis and Hobewarte paragneisses (Miller and Schalk, 19800
Major contibutors to radiation are thoriem and wraninm sowres, With vranium
becoming prevakent towards the east {s¢¢ change from yellow w groen of the
ternary display).

Anather remarkable hiph was observed on farm Oljisazn 20 ko ENE of
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Okahandja, ¥ can easily be explained by the carbonatitic igneous complex
described by Guntherpe und Buerger {1986} as consisting of alkali pyroxenite
and gabbro, syenite and sycnile pegmatite. Peak ground concentrations of
thorium and uramiem are <40 ppm and & ppm, resp.

The Hohewarte paragneisses as mapped by Miller and Grote (1988) in (he
exlreme southeast comer of the map sheet are inconspicucus i terms of thel
radiometric characlenstics, Qwite simdlarly, the Otjnsondu manganpese mine-
ralization does not show any radiomelric palter,

6. Rudiometric Patterns and Major Geological Units in
Southern Namibia

As far ax regional airbome radiomeizic data bad been cullecied over aouthem
MNamibia, they were fully vsed for the compilation of a set of | : 250 000 scale
maps (BORAGEN 1996a, 1996b), These cover the following sheet areas as 4
whole or partially: 2514 (Spencer Bay), 2516 (Gibcon), 2616 (Bethauen),
2716 (Al-Ads), 2718 (Gropauw}, 3816 (Alexander Bay) and 2818 {Warmbad)
{=cx Fig. 3).

These arcas are largely covered by Proterozeic rocks of the Sinclair
Sequence, the Mamagualand Metarnorphic Belt and the Orange River Group.
To a minor cxleat late Proterozelic mocks of the Nama Group, Paleozoic sedi-
ments of the Karow Sequence and dune sands of the Namib occur withio the
ahave sheet areas (Fig. &; Miller and Schalk, 1980}

i f Map Sheees 2314 (Spencer Bay) and 2516 (Grkeon)

These twa map sheets are jolntly discussed, since on map shest 2514 was
surveyed only a quarter degree by one degres area immediately adjacent to the
western border of the neighbouring map sheet 2316

On a regional scale, patral gamma radiation is low, Ounistandingly law
radiation is observed ower sandstones and shales of the lower Fish River
Subgroup of the Mama Group extending afong the cscarpment of the
Schwarzrand. To the west of the Schwarsrand forther radiation lows are asso-
ciated with outcropping rocks (shales, limestone, sandstone) of the Kuibis
Subgroup. Slightly increased radiation is, however, observed over shales, sand-
stones and limestones of the Schwarzrand Subgroup.

Radiation lows to the west and pocthwest of Helmennghansen and around
the shandoned Sinclair mine are produced by mafics of the Sinclair Sequence,
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nanmcly basails and andesices of the Barby Fm. Similarly. rocks of the Kunjas
Fm. of the Sinclair Sequence ocowming in a sickle-shaped ares centercd at
about 16T HFR25740°S produce extensive madiation lows. Sand dunes came
cut as oval-shaped radiation lows increasingly occwrming towands the west of
sheet 2516 and on sheef 2514,

Along the southern edge of map shect 2516 patterns of increased radiation can
be attributed to metavoicanics of the Nagatis Fm., which is the lowermost unit
of the Sinclair Seguence, and to the Tunmtab granites of mid-Proterozoic age.
Another high radiation pallem extending in a NW{SE dircction from Nubity via
Duwisib to Osis is produced by (Mubib) granites of about the same Prterozoie
age. Patterns of stightly increased radiation eatending approximately along
latimde 25°30°5 are either due to metsvelcanics of the Goperas Fm. {Sinclair
Sequence) or to individual orcnrences of early Proterozoic paragneisses and
metasediments of the Neuhof Fim, (Geological Survey, 1970}

The total count (cxposure mbe} contours o geperally NW/SE, fUmng ik
a NS direction only when approaching the Schwarzrand escarpment. The ura-
fium concentrations hardly contribute to ehe dicrimination of lithologics. Only
local peaks - generally less than 10 ppm - occus ip the Mubib granites and in
metavolcanics of the Nagatis Fm. and related Tumuaty granites. Thornum and
potassium are largely enriched in the above-cited three hthologies, thus being
more discriminatory than the uranium. The tomary display nicely shows that
thorum is the prevalent radic-element in the south, whereas uramum and
potassium are the major contibutors to radiation in the centre and ia the notth
of the map sheel aréas.

8.2 Map Sheer 2614 (Bethanien)

Low patural gampna radiation is wide-spread over this map shect Strang
radiation only oceurs in the west of the map sheet ares, where a variety of
gnecisses of the Namagualand Metameorphic Belt lacgely outcrop.

In the nocthwest, the Khoichab depression can be identified on bebalf of a
prominent radiation low trending NW/SE and having a width of appreximately
40 km. To the portheast of the Khoichab low, increased radiation can be
observed over various granites of the Sinclair Sequence. Contours are mainly
oriented NW/SE in this part of the map sheet, which is also the direction of the
Excelsior shear zone. Thiz fault - best developed close to the T-junction of dis-
toct road 707 with the wesiern carrier C 13 - seems to be assoclited with a
narrow ridge of increased radiabion that can be followed from there in south-
casterly direction to the Bethanien area.
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Meving further to the east, vast areas with low natural samma-ray inten-
sity cxlend coinciding with wide-spread oocvrmences of carbonatic sediments
of the Kuwibis Subgroup. Individeal namow radiation highs within this low
mlengity area trend from MNAS o NWYSE and are due to outcrops of the pneisses
of the MNamagealand Metarnorphic Beit, In the area batween longinodes 17°E
and 17°30°E a WNW/SSE wending belt of slightly increated madiation ¢an be
noticed correlating well with shales and sandstones of the Schwarzrand
Subgroup.

'Pmm:ding eastwards approximately as far as o the Seeheim and Berseba
areas shales and sandstones of the Fish River Subgroup largely extend with no
significant vopilnbution @ the patural gamma radision. Locally eed sand-
slones of the Nababis Fm. produce slightly increased radiation.

Paralled to the ¢astem border of this mep sheel Karoo age clastics, oned-
stones and shalez of the Prince Albert and Dwyka Fms. arc assoviated with a
distinctively increased radwation pattern. Individoa) lows occurning within this
pattern are duc to Kareo sills and dykes of deledile.

Clarification of the local radiation peaks ocourring in the area east of 17°E
fwithin survey block 523/89% could not yet be obtained. It cannot be fufly
excluded that they are artefacts doe to malfonctions ccourred during survey-
ing or data processing. A grouad truth check will be necessary ko definiavaly
recopnize the sowrce of these peaks.

The ternary display nicely shows that thonuwm is the main contribuling
radicelemenl in the west whers gneisses of the MNamaqualand Metamorphic
Belt largeiy outcrop. Low potassium and uranium concenlrations peoduce the
radiation patterns in the central and eastem pans of map sheet 2616, Contours
of the exposure rate (total count) nen generally MW/SE in the westemn part of
the map sheet area superimposed by local W/E onented amomalies.
Approaching the central and eastern part the centours shift more and more into
a N/5 direction which is the stoike direction of the Nama sediments ¢overing
the MW/SE mend of the Mamaqualand Metamorphic Belt,

£.3 Map Sheer 2716 (Ai-Als)

This is anvuther map sheet area where namral radiation 1s remaikably ow
on 2 regional scale. In spite of a large variety of lithologies wilh ages cove-
tng a wide time span from the casly Proterozeic 1o the Mesozaic (Gealogical
Survey, 1979) theie is liale discrimination in the radiometnic pattern,
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High radiation can, however, be observed in the southeast comer of the
map sheet. Syenites and granites of the Kubeos - Bremen ling of intrusives are
haghly Likely fo be the major conbebutors ta this high radafion patem. Lo addi-
tion, coarse [symectonic) gramiles and greisses of the Namagualand
Metamorphic Belt larpely oocurting in this area are supposed to prodece a hiph
background radiation, Lnsnediately west of the Ai-Ais resort a drastic change
to low radiation can be ohserved This indicales thal the Ai-Ais gabbros, the grey
(pre-tectonic) goeisses of the Namaqualand Metamorphic Beit and the
mctavolcantcs and granodiortes of the Vieolsdrif Suite {Jranpe River Group)
which extznd in the arga between Ai-Ads and Rosh Pinah are poor in nalural
radio-clements.

Some twenty kilometers north of Rosh Pinah a more or less arcolar high
radiation pattern having 2 diameter of about 15 km has been located. This fea-
tue might be atdbuted to a late granitic intrusive of the Mamagualand
Melamorphic Belt. From its chape and in conjuncton with the mapping resnlt
(Cieological Survey, 1979% an updoming intusive body with a large cover of
awochthonous detritus must be sugpested. Purther occurrences of these late
graniles must be assumed in the northwest comer of the map sheet, since wide-
spread increased average radiation was recorded there.

A twin chain of namow individual radiation highs passes closely 16 the
southwest of the above circular radiation high trending NW/SE from the
Sperrpebiet to the area just north of Rash Pinah. Tt should be noted thar itz
southern member bends southwvard at its most soulheastem eXemity thus
meeting the Rosh Pinah mine arez. The change in strike direction ocours closely
te a SSW/NIE ariented linear radiation feature (hat muns paraile] to road C 13
belween Wisputs and Spitskop, Futhbermore, i the arca belween the
Sperrgebiet and road € 13 a set of cross-cutling linear radiation featmes is
indicated with strike directions SW/ANE and SE/NW. This is casy 1o be recog-
nized just west of the circular radiation high simated north of Eesh Pingh. In
addition it is mmleresting (o note that these gamma-ray linears are bardly visihle
on the regional airbome magnetic map (BGRAGSN, 1993

The central and narthern pans of the map sheet area are covered by rocks
of the Nama Group. These are mostly composed of sandstones and carbonates
and consequently pothing ot an cutstandigly low mdiation can be expected in
these areas. Only those members of the Fish River Subgroup produce slightly
increased radiation that are built up by shales. In the northeast comer of the
map shest area increased radiabion is wide-spréad where Kargo shales and
tillites extend,
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The ternary display reveals thar thorivm and potassivm are the prevalent
radioclernents in the high radiation areas except the cxtreme southeast of this
map sheet where radiation 1s maialy produced by uranium and potassium. (n
all low intensity arcas, i.e. in ateas coversd by NMama sediments of ignoous
rocks of the Vieolsdrf Suvile (Orange River Group), radiation mainly origi-
pates from poor uranfum concentrations.

The contour pattett is imegular. However, o 2 local scale NW/SE and
SW/NE rrends are more frequent than others.

4 Map Sheet 2718 (Gritnas)

This map sheet stands out for its closer than standard flight line spacing
of 1000 m. Abont two thirds of the map sheet arca have been covered by tra-
verses only 500 m apact. Matural radiation is high in the west, average in the
centre and low in the cast of the map sheet area.

Mast intensive radiation ocours to both sides of the Grinau - Secheim
gravel road over synlectonic coarse-prained grandtes and gneisses of the
Mamaqualsnd Metzmorphic Complex. Thess host Jots of alkali-rich dikes and
plugs of the Haruchas Intrusion {Geological Survey, 1977}, thus essscolially
contributing o the oversil high pamral radistion of (his section of the map
sheet A marmow radiation low amidst this high radiation pattern is likely not
to originate from geology, but is supposad to be produced by increased flight
elevation in close vicinity of a steep mountain ddge.

Radiation is aiso increased along the Griinau - Kectmanshoop tar road due
to syntectonic praniwids of the Namagualand Metamorphic Complex largely
building up the Griinan Horst, The high radiation pattern of the Horst, how-
ever, abrupdly coases in the Schroffenstein - Lord Hill area wherc & major
shear zone has besn sugeested o mun in a WNW/ESE direction. To the north
of this zonoe, pretectonic granitelds and schists of the Namagualand
Metamorphic Complex extend and are associated with a low radiation pattem,
thus indicating the shear as a soong mdiometric gradient zone. In the regional
airbome magnetics (BORAGEN, 1993}, a steep magnetic gradient coincides
with this tectonic Zone separating a wavy magnetic field in the north fiom
gquite a smooth pattern in the south that are the Sinclair and Karas demainz
postalated hy Andriteky e al. (1996). Along Us eastern border, the Griinaw
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Horst clearly contrasts wilh low radiating sandstones, shales and imestones of
the Nama Group, the contact thus given by a sharp radiemetoc gradient.

In the east, naural panuma radiation is low on a repional scale. This arca
i covered by either dune sands or Karno mudstones, The B unmog dune
paltern is indicated by a very slight chanpe in radiation intensity. In the dune
valleys where the Karoo mudstone crops out mdition ends w be slighdy
stronger than over the dunes where acolian sands have been accumulated ang
absorb radiation coming from beneath.

The dirsction of the contours reflects the dune pattem in the east of the
map sheet area, in the northem and southern central areas the SENW direc-
tion is prevalest and in the centro the contour pattern may be described a3
irregular. In the west, contoues tend o be parallet 10 either the 3W/ME ot to
the SEMW directions, the Jatter being the swike of the Mamaqualand
Metamorphic Complex.

Thovium ground concentrations contrast well with the various lithologies
gcourming io the map sheet area. Uninium ¢copcentrations, bowever, discrimi-
nate less due to their greater statistical ermor. Peak concentrations are observad
some 20 kun west of Griinau in the area of the syntectonic Namagualand gra-
nitoids and &t about 13°30°R27°10'S over a doed pan, which 1s 4 commaon
featbaee i the Kalahan enovirons, Potassium concentratiens are remarkably
increased in the west of Chriinzu and in the Grilnaw Horst Otherwise extremely
low potassium ground concentrations values have been oblained.

The ternary display clearly reveals that thorum is he prevalent radicele-
ment in the araas around and west of Grilnay a5 well as in the southern section
of the Grinau Horst, Potassiom and sranium, however, lacgely coniribote to
paural radiation in the northern section of the Grilnau Horst and immediately
north of Griinsg, Uranivert 15 indicated as a main conldbator o ganima cadia-
tion over sediments of the lower Nama Group. Kadiation over Karoo sedi-
ments mainly ongnates from potassium and thonum,

65 Map Sheet 2810 (Alexander Bay)

This map sheet exhibits dats collecied only north of the Orange River,
which forms the border line with the Repubiic of South Africa, and east of the
Sperzpebiet fence (Diamond Area). This map section is covered by igneous
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rocks of the Grange River Group, by sediments o the Damara ape {racdep Belt
and to o greater cxtent by Karoe sediments and sills (Miller and Schadk, 19807,

In the Sendelingsdnl area Gariep age sediments of the Numees Fin. and
Hilda Fro. consist of glacial dismictites, intercelated carbonates and clastic
sedtments, resp. Due 1o this composition the overall low radiation pattem of
this area i not surprising. Further upstream to approximately where the

Gamkab River joins the Crange River ignecus rocks of the Vioolsdnf Suite -

extend and are associated with overall low radiation. A radiation high extends
paraliel 1o the Gamkab River in SW/NE dircetion close @0 the Marinkas
Quelier. This high ¢an vasily be artdbuted o gramites and bostonites of the
#uboos - Bremen line.

A Targe high rdiation patterq in the northeastem seotion of the map sheet
unginates from maimly shales and mudsioncs of the Karoo Group. Karon
dolerite sills are indicated by individual radiation lews embedded in the high
radiation patiern of the Karoo sediments.

Syenites and granites of the Richtersveld Complex, which outcrop in the
Hooiberge abour 25 km west of Noordoewer, prudace another radiation high
running in a N/S direction Lo both sides of the Orange River, High radiation
areas southeast of the Nordoewer - Griinau tar road are produced by igbeous
rocks of the Vieolsdnf Suite, Il should be noted that ignesus rocks of the
Winolsdrif Suite ace elsewhere known to be associated with low radiation. The
Huib Prospect is situated within the high mdiation pattemn, but tn transition to
a local radiation low.

With the exception of the Rooiberge area where a distinet N/S trend of the
cortours can be observed the contour pattern is quike imcgular. Supposingly
unecanomic local tharium and wraniom ground concentrations peaks were
detected ¢lose 1o Marinkas Quellen and in the Roniberge of the Orange River
valley, Potassium ground concentrations ate low all over the Namibian portion
of the map sheet. From the temary display it can be leami thel urtrium is the
main source of natirat radialios in the map sheet area under discussion.

6.6 Map Sheet 2818 (Warmbad)

Thiz map sheot presents data collected north of the Orange River which
forms the border line with the Republic of Souch Africa,

: :':"5-1
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High radiation paiterns extend over most of the map sheel area. The area is
covered by igncous rocks of the Orange River Group and of the Namagualand
Melumorphic Belt, by Karoo sills and sediments and 3 a minor ealem by sedi-
ments of the Nama Group and by aliuvial deposits (Miller and Schalk, 1980).

Low radiation patiems in the notthwest and ceniral northern pans of the
map sheer arca arc definitely produced by Karoo dolerite sills. Quite a Lnear,
narrow low radiation fearare rans paratbel 1o the Noordoewer - Grilnan tar road
that is relaeed with outerops of Karoo sills, Extensive low radiation patterns in
the northeastern section of the map sheet are associated with Nama age shales,
sandstone and limestone of the Kuibis and Schwarzrand Subgroups building,
up the Blydeverwacht Platcau. The escarpmant is nicely indicated by a stecp
radiometric gradient that fairly abruptly changes from low gamma intensity in
the north to high intensity in the south.

Moast of the ¢xtended high radiaticn pattern i covered by pretectonic praninids
of the Namaqualand Metamorphic Complex. In its southeastern part igneous
ricks of the Vioolsdrf Suite are intercalated among metavoleanics of the
Orange River Group. From the intensily pattern it may be concluded that radi-
ation, of the Vicolsdrl Suite members {mainly levcogramiles) is slightly
stronger than average radiation emitted by the metavolcanics of the Orange
River Group.

The ceatre of this high radistion pattern is at about 25 km north of the
Orange River valley where it exiends oo both sides of the Onseepkans -
Karashurg gravel road. Quite a uniform character and shallow gradients are
characteristic of this arsa, which is not surprising, since it is covered by alla-
vial sediments. The high radistion level, however, indicates autochthonous
weatheriag and Namagualand granitoids bengath the weatherng cover,

Existinctive local radiation lows occurrng some ten kilometres north of the
Orange River valley can be attributed to mafic inrusives of the Namaqualand
Metamorphic Complax, They are aligned along the outstanding Tantalite val-
ley shear zone, The most prominent lows are observed over the Tantalite and
Kumkum complexes. To lhe cast and northeast of these complexes lots of local
radiztion lows indicate further gecurrences of mafic Namagqualand inrusives.
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The contours reflecr nit only the stratigraphic panem, bul alse clucidate
the complicaed lectonic inventory. NW/SE running features are most peomj-
pent. Several cross-cutting (ectonic elements are obvious i a more or less
SWINE orientation, The sirike of the Mamaqualand granitcids swings from
NWISE 1o S5W/ENE trends in the Pelladnf ares, which is clearly reflected by
the contours. Thiz is just an example to cncourage the vse of panuna-ray daia
1o support geokogical mapping.

As could already be {oncluded from the adjacent map sheels thordum
grovad concentrations prove to be suitable for disc nmicating lithologies. Peak
values of more than 30 ppm were recorded in the vicinity of Warmbad, 1o the
south of the Tantalite valley shear zone and due south of the Blydeverwacht
Platean. Uraniom concentrations bave a less pronounced capacity w0 discrimi-
nate: lithologies. Peak values of more than 1} ppom were observed south of
Warmbad, south of the Tantalite Valiey shear zone and along a SWINE mnning
narrow cartider on farm Sandlontein 131, This corder is delineated by anom-
alous uranium valucs and supposed to be fanlt-conirolled,

The temnary display nicely reveals hat the Tanraiite Valley shear zone sepa-
rates ateas with different radiometric charactertstics. Thorivm and potassium
conmibute mosl 10 oatural radiation in the areas north and northeast of the
Tantalite Valley shear zooe, whercas wranium and potassium are the essential
radio—clements in (be areas to the south and southwest of the Tantalite Valiey.
Highest potassium concentrations wers recorded within the uniform centee of
the extended high radiation area, where alluvial covers exterd oo both sides of
the Ongeepkans - Karashurg pravel road at sbout 25 km to the nomh of
Cmseepkans (566 above),

7. Conclusions

For the Arst (tme natural gamma-ray data of portions of Namibia are pre-
sented as a regional radiometric map series and a8 a digial data set.

The compilstivn of a refined and homogeneous radiomemns data set from
survey data collected with pocoly calibrated detector devices and varying crystal
volumes has tumed out io be feasible.

Fegional radiometric deta ret of Namibia

Major obatactes overcome were

(1} data recovery from analogue charts,

(2} the bBack-calibration of the aw airborne data using a cali-
brated ground-boroe gamma-ray spectrometer on selected
seckons of traverses crossing areas of homogencous radiation,

{3 massing or incomplete data referring o calibrations and
corrections previously applied,
4] the merging of non-overlapping survey blocks.

The refined data and maps, though compiled from raw data collected an
traverses 1000 m, or 500 m resp., aparl, prove to be usefil

(1] tr Lacilttabe decision making of eovironmental (ssues, such as
apprajsal of the average natural radiation background and
assessment of soil quality to enable sustainable provizion
of land for agricullural and resettlement ﬁurpﬂscs by the

ECvermment,

(2} tor sipport geclogical mapping of botk lithologies and tectonic
features,

3} t0 guide prospecting of wranium and heawvy minerals.

Tt is hoped that these newly refined map and data sets will give valuable
contnbubions ko the envirvnmental, geological and mining seckars and resulr in
frequent consultation thereof,
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