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Abstract 

Within Southern Africa, much of the recent prospecting o f  Precambrian high grade 
metamorphic terranes has concentrated on the search for Cu-Pb-Zn deposits associated with 
highly aluminous host rocks and spatially related magnetite-quartzites (or banded iron 
formations). These orebodies comprise stratabound massive or (more commonly) disseminated 
sulphides which are essentially nonmagnetic, but are usually highly polarizable and in some cases 
highly conductive. The related magnetite-quartzites are of special prospecting significance in 
that they act as unique marker horizons for such mineralization, their strike extent appears to 
partly control the distribution of mineralization, and they yield readily identifiable magnetic 
responses. 

During the period 1973 t o  1975 the Johannesburg Consolidated Investment Company Ltd. 
conducted major exploration programs t o  locate deposits of this type, within the Damara 
Sequence o f  South West Africa and the Bushmanland Sequence of South Africa. Given the 
extensive overburden cover and lack of geological control, effective prospecting o f  these areas 
demanded a combined geophysical and geochemical approach with later geological mapping and 
percussion/diamond drilling. 

The geophysical signatures of known deposits in the Bushmanland and Damara sequences 
were assessed, and were utilized in devising a search target model whose criteria were applied 
throughout the exploration program. As base-metal deposits were found to  be characterized by 
fairly unique magnetic signals, the aeromagnetic technique was used as the prime reconnaissance 
prospecting tool in overburden-covered areas. Aeromagnetic anomalies designated as 
"significant" were ground checked by magnetometer surveys aimed at delineating potential 
magnetite-quartzite horizons, geochemical soil sampling being used initially to  assess the base- 
metal potential of each magnetite-quartzite occurrence. Where preliminary results were 
encouraging, these were followed up by further ground geophysical surveys (i.e. EM, I P )  to  
delineate possible sulphide zones, the resulting anomalies being first investigated by percussion 
drilling. 

By late 1975, this exploration program had delineated several small orebodies, two of which 
reflected original grass roots discoveries. 

La plupart des travaux re'cents de prospection exe'cute's dans le sud de 1'Afrique en terrains 
pre'cambriens fortement me'tamorphise's ont consist6 en bonne partie h chercher des gites 
de Cu-Pb-Zn associe's h des roches encaissantes a forte teneur en alumine ainsi qu'h des 
quartzites a magne'tite (ou formations ferrifbres rubane'es). Ces gisements comprennent des 
sulfures stratifie's ou (plus commune'ment) disse'mine's qui sont essentiellement non magne'tiques 
mais habituellement trbs polarisables et dans certains cas trbs conducteurs. Les quartzites a 
magne'tite associe's pre'sentent un inte'rgt tout particulier pour les travaux de prospection 
puisqu'ils constituent des horizons repbres uniques pour une telle mine'ralisation. L'e'tendue de 
leur direction semble contrdler en partie la re'partition de la mine'ralisation et  ils produisent des 
re'actions magne'tiques facilement identifiables. 

De 1973 h 1975, la Johannesburg Consolidated Investment Company Ltd. a exe'cute' de 
grands programmes d'exploration afin de de'tecter des gisements de ce genre dans la se'quence de 
Damara dans le sud-ouest africain et  dans la se'quence de Rushmanland en Afrique du Sud. 
Compte tenu de l'e'paisse couche de morts-terrains e t  du manque de donne'es ge'ologiques, il a 
fallu, pour mener h bon terme les travaux de prospection, faire appel h des techniques 
ge'ochimiques et  ge'ophysiques puis dresser des cartes ge'ologiques et enfin ef fectuer des forages 
par percussion et  au diamant. 

Les sismogrammes de gisements connus dans les se'quences de Bushmanland et de Damara 
ont kt6 e'value's et  ont servi h e'tablir un mod&le.de cible de recherche dont les critbres ont e'te' 
applique's a tout le programme d'exploration. Etant donne' que les gisements de me'taux non 
pre'cieux se sont caracte'rise's par l'e'mission de signaux magne'tiques h peu prbs uniques, la 
technique ae'romagne'tique a e'te' utilise'e comme principal outil de prospection pre'liminaire dans 
les re'gions recouvertes de morts-terrains. Les anomalies ae'romagne'tiques conside're'es 
importantes ont fait l'objet de ve'rifications au sol au moyen de leve's par magne'tombtre af in de 
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localiser les  horizons possibles de  qua r t z i t e  Q magne'tite; l'e'chantillonnage ge'ochirnique du sol a 
servi  h e'valuer init ialement le potentiel  d e  me'taux non pre'cieux d e  chaque venue de  qua r t z i t e  a 
magne'tite. Lorsque l e s  re'sultats pre'liminaires s'ave'raient encourageants,  ils e'taient suivis 
d 'aut res  lev& ge'ophysiques (EM, I P )  sur  le  t e r r a in  pour  de'terminer les  zones  possibles d e  
mine'raux sulfure's e t  les anomalies releve'es e'taient d'abord e'tudie'es au moyen de  fo rages  pa r  
percussion. 

Vers la f in  d e  1975, le programme ava i t  pe rmis  d e  localiser plusieurs pe t i t s  g isements  d e  
minerai don t  deux refle'taient l e s  de'couvertes init iales en  surface .  

INTRODUCTION 

Major base-metal discoveries during the  early nineteen- 
sevent ies  of t he  Aggenys Pb-Zn-Cu-Ag deposit (Phelps Dodge) 
and the  Gamsberg Zn deposit  (Newmont) in t h e  Northwest 
C a p e  Province of South Africa,  and of the  Otjihase Cu 
deposit (Johannesburg Consolidated Investment Company) 
near Windhoek in South West Africa,  gave  renewed impetus to  
the  base-metal exploration act iv i ty  init iated in Southern 
Africa following the  Pr ieska  Cu-Zn discovery) by Anglovaal in 
1969. All these  discoveries were  made following diamond 
drilling of prominent surface  gossan outcrops discovered by 
conventional prospecting. I t  was surprising to  many 
explorationists outside Southern Afr ica  tha t  such prominent 
surface  expressions of major mineralization had laid 
unrecognized for so long. The stratabound 
Aggenys - Garnsberg - Otjihase deposits are  all closely 
associated with magnet i te-quar tz i tes  (banded iron 
formations), and i t  is in teres t ing t o  note  t h a t  similar 
associations had already been recognized a s  exploration 
t a rge t s  for a decade or more  in Canada and Australia. 

During the  period 1973 t o  1975, t h e  Geological 
Depar tment  of Johannesburg Consoiidated Investment 
Company L td  (JCI)  conducted a major exploration program 
aimed a t  locating deposits of this type within the  
Bushmanland Seauence of South Africa and t h e  Damara  

t h e  two most significanl (as  subsequently determined) 
prospecting areas,  namely t h e  Pofadder East  Block of the  
Northwest C a p e  Province, South Africa,  and t h e  Gorob 
P rospec t  of South West Africa (see Fig. 38.1). 

The Pofadder East Block, South Africa 

The Pofadder East  Block occupies a rectangular-shaped 
a r e a  some 1 7  km (N-S) by 31 km (E-W), t h e  cen t r e  of w h ~ c h  is 
approximately 40 km southeast  of Pofadder and 9 0  km eas t  of 
t h e  Aggenys and Gamsberg base-metal deposits. The region is 
sparsely vegeta ted ,  semi-desert  scrubland character ized by 
low relief.  Outcrop is largely obscured by t h e  presence of 
extensive  sand and ca l c re t e  cover,  maximum overburden 
thickness being approximately 1 5 m  but more  typically 
2 t o  7 rn. 

The ground was  taken under option by JCI  following an 
aer ia l  reconnaissance exerc ise  carr ied  ou t  t o  t r a c e  the  
Aggenys-Gamsberg lithological sequence eas twards  towards 
Pofadder.  This exercise was  fac i l i ta ted  by t rac ing prominent 
me taqua r t z i t e  ridges which occur  close to  the  mineralized 
pa r t s  of t h e  Bushmanland Sequence. Prior t o  this program, 
t h e r e  were  no repor ted  instances of base-metal mineral-  
iza t ion within the  area.  The so-called Putsberg copper deposit 
was  subsequently located during t h e  ground follow-up of 

ar~omal ies  within t h e  Pofadder East  Block Sequence of 5outh West Africa.  Extensive overburden cover aeromagnet ic  
and a consequent lack of qeoloqical control,  resulted in the  during 1974. 

- - 
use of geophysical and geochemical surveys a s  the  major 
prospecting techniques, with l a t e r  back-up f rom percussion 
and diamond drilling. This paper discusses the  contributions 
made to the  exploration program by geophysical surveys over 

SOUTH AFRICA 
/' 

The Gorob Prospect. Sacth West Africa 

The Gorob Prospect  falls  within the  
Namib Deser t  of southwest Africa,  and 
comprises a roughly rectangular-shaped 
block measuring some  20 km (NW-SE) by 
80 km (NE-SW). The a rea  l ies  some 7 0  km 
eas t  of Walvis Bay and 200 km west of t he  
Otjihase Copper mine near Windhoek. The 
prospect a r e a  is of minimal relief and has  
extensive alluvium and ca l c re t e  cover, 
increasing f rom approximately 2 m thickness 
in the  southwest up t o  a maximum of 40 m 
thickness in t h e  northeast .  

Copper minerzlization within t h e  a r e a  
was noted a t  the  turn of t he  century,  with 
subsequent small  sca le  (and short-lived) 
workings being concentra ted  a t  t he  
outcropping, so-called Gorob Mine. The 
l a t t e r  and i t s  associated deposits along 
strike,  had previously been drilled by Rand 
Mines Limited and investigated in more  
detail  by Penarroya,  prior t o  the  subsequent 
exploration by JCI. JCI's in teres t  in t h e  
Gorob a rea  was s t imulated by the  
realization t h a t  i t s  mineralization was  
re la ted  t o  a narrow bel t  of metavolcanic  
rocks called the  Matchtess Amphibolite Belt ,  

Figure 38.1. Location map, Pofadder East Block and  Corob  Prospect ,  
Southern Africa. 
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w i t h  which were also associated the 
Otj ihase - Ongeama - Ongombo copper deposits (discovered 
i n  1970-71 by JCI. Follow-up work by JCI  over major 
aeromagnetic anomalies, delineated two h i ther to  unknown 
deposits o f  cupreous pyrites. 

Exploration Program 

Aeromagnetic surveying was used as the major 
reconnaissance tool i n  prospecting these overburden covered 
areas, w i t h  the pr ime aim of defining the locale of 
magneti te-quartzi te horizons, and hence, o f  potent ial ly 
economic base-metal deposits occurring i n  close association. 

Aeromagnetic anomalies deemed as significant were 
detai led by ground magnetometer surveys, and, where th ick 
sand and/or calcrete cover was absent, geochemical soil 
sampling surveys were used to  in i t ia l ly  assess the 
minera l izat ion potent ial  of each "magnetite-quartzite" 
occurrence. 

Where prel iminary results were encouraging, E M  or I P  
surveys were executed over and i n  the locale of the magnetic 
horizon, the resulting anomalies being f i r s t  investigated by 
percussion drilling. The philosophy underlying the geophysical 
prospecting program is discussed later. 

OUTLINE O F  GEOLOGY 

Pofadder East Block, South Africa 

The Pofadder East Block forms par t  of the high grade 
Namaqualand metamorphic complex which straddles the 
lower  parts of the Orange River  valley i n  the Northwest Cape 
and i n  southern South West Af r ica.  Throughout this 
metamorphic terrane a 100 t o  500 m th ick mid-Precambrian 
Sequence of gneisses, schists, metaquartzi tes and 
amphibolites (the Bushmanland Sequence) overlies a granitoid 
basement (Joubert, 1971). The Bushmanland Sequence is i n  
recumbent fo ld  complexes. Basal quartzofeldspathic gneisses 
are fo l lowed upwards by heterogeneous gneisses which may or 
may not be aluminous and/or siliceous; amphibolites o f  
d is t inct ive volcanic and hypabyssal types and aluminous 
schists w i t h  associated magneti te-quartzi te horizons occur 
therein. This heterogeneous par t  of the Bushmanland 
Sequence contains a l l  the signif icant base-metal mineral-  
izat ion discovered t o  date (Aggenys, Gamsberg etc.) and is 
overlain by prominent metaquartzi te horizons, which become 
progressively more feldspathic i n  the areas east of Pofadder. 

The Putsberg copper deposit occurs i n  a complex 
synformal zone of aluminous and graphitic schists, 
metaquartzi tes and amphibolites, which overlies the basal 
gneisses o f  the Bushmanland Sequence. The mineral izat ion is 
in t imate ly  associated w i th  th in  siliceous horizons wi th in  
biot i te-si l l imanite schists, and consists of chalcopyrite, minor 
pyri te, occasional sphalerite and rare galena. The mineralized 
horizon has been stretched and dismembered wi th in  the 
schists, and thicker intersections of it have been shown to  be 
re la ted  to  tectonic thickening i n  fo ld  hinge zones 
(Paizes, 1975). 

The resulting lack o f  coherency of the mineral izat ion 
has made it d i f f i cu l t  t o  evaluate, and it is current ly 
considered subeconomic by the holding company i n  present 
circumstances. 

Immediately below the mineral ized zone a t  Putsberg 
there is a sequence o f  par t ly  aluminous quartzo-feldspathic 
gneisses between 100 and 300 m th ick which i n  turn overlie 
(structural ly) a prominent zone of magnetite-bearing 
s i l l imani te  gneisses w i t h  intercalated magnetite-quartzites. 
These are best developed i n  a position corresponding t o  the 
minera l izat ion above. 

Comparison has been made between the geology and 
mineral izat ion of the Bushmanland Sequence and that  of the 
Broken Hill area i n  Australia; the simi lar i t ies are remarkable 
(R.L. Stanton, pers. comm.). It appears probable tha t  the 
search model developed i n  this paper could be successfully 
applied t o  many other early t o  mid-Precambrian high grade 
metamorphic terranes elsewhere i n  the world. 

Gorob Prospect Area, South West Africa 

The cupreous py r i te  deposits of the Gorob area are 
associated w i t h  a narrow bel t  of metavolcanic rocks situated 
wi th in  a f lysch trough (the Khomas trough) o f  la te  
Precambrian age, which forms par t  of the Damara mobile 
be l t  i n  South West Afr ica. Other cupreous py r i te  deposits 
associated w i t h  the metavolcanic be l t  ( the so-called 
Matchless Amphibol i te Belt)  include the Matchless Mine 
(Tsumeb Corporation), the Otjihase Mine, and the Ongeama, 
Ongombo and Kupferberg deposits near Windhoek (JCI Ltd.). 

The Khomas Trough is intruded by a major granite 
bathol i th  ( the Donkerhoek granite) which has been par t ly  
unroofed by erosion along the northern edge of the Gorob 
Prospect area (Martin, 1965). 

The Gorob deposits are situated around the r i m  o f  a 
major synformal structure which closes westwards near the 
Hope Mine (Fig. 38.8). The Hope - Anomaly deposits on the 
northern l i m b  o f  the synform have been subjected t o  high 
grade contact metamorphism resulting f r o m  the intrusion of 
the granite t o  the north. Thus the predominant i ron sulphide 
is pyrrhot i te  rather than pyrite, the mineral izat ion is coarse 
grained rather than f ine- t o  medium-grained, and the 
enclosing rocks contain upper-amphibolite facies mineral 
assemblages (the mineral izat ion is confined wi th in  drag- 
folded sections of magneti te-quartzi te horizons). The deposits 
on the southern l i m b  of the synform (Gorob, Vendome and 
Luigi)  are developed i n  magnetite-bearing quartz-serici te 
schists adjacent t o  barren magneti te-quartzi te horizons. Ore 
shoots are contained wi th in  drag fo ld  closures and the 
mineral izat ion is predominantly pyr i t ic  w i th  subordinate 
chalcopyrite, silver and minor sphalerite. A l l  the orebodies a t  
Gorob are character ized by well-developed pyr i t ic -ch lor i t ic -  
aluminous lenses adjacent t o  the quar tz i t ic  rocks. While ore- 
grade deposits have been delineated wi th in  the Prospect, 
these are current ly considered subeconomic by the holding 
company. 

The geological sett ing and characteristics of the Gorob 
deposits are simi lar t o  those of many other la te Precambrian- 
Phanerozoic py r i t i c  ore deposits, and exploration fo r  these 
could again fol low the search procedure out l ined i n  this 
paper. 

EXPLORATION STRATEGY A N D  GEOPHYSICAL METHODS 

The Search Target Model and Exploration Philosophy 

Test aeromagetic surveys over economic orebodies 
associated w i t h  magnetite-quartzites, conf irmed tha t  the i r  
common denominator o f  well-developed, sympathetically 
correlat ing magneti te-quartzi te horizons, yielded readi ly 
ident i f iable aeromagnetic anomalies of l im i ted  strike extent. 
Data released subsequent to  the in i t ia t ion of the exploration 
program have confirmed the results of the test surveys, and 
isomagnetic contour maps covering the Aggenys deposit i n  
the Bushmanland Sequence and the Otjihase deposit in  the 
Damara Sequence, are shown i n  Figures 38.2 and 38.3, 
respectively. 

The magnetic contour map of Figure 38.2 is taken f r o m  
a regional aeromagnetic survey (1976) of the Northwest Cape 
Province, executed on behalf of the South A f r i can  Geological 
Survey. The survey was f lown using a Geometrics 
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Figure 38.2. Aeromagnetic contour map, Aggenys area. 

G803 proton - precession magnetometer a t  a mean ter ra in  
clearance of 150 m, along north-south f l i gh t  l ines having a 
separation of 1 km. The Aggenys ore zones are distributed 
around the closure of a synformal structure, the l imbs of 
which can be readily traced via the magnetic responses of a 
major magncti te-quartzi te horizon contiguous w i th  the 
mineral izat ion. Against a background of weakly magnetic 
schists and gneisses, the approximately 1 0 m  th ick 
magneti te-quartzi te unit  yielded an anomaly (maximum 
response AT=550 gammas) extending for  2-6 k m  f r o m  the 
nose. The predominantly positive anomaly along the northern 
l i m b  and the low along the southern l i m b  are consistent w i t h  
t i l t ed  sheets magnelized by induction only i n  an ambient 
magnetic f i e ld  of incl inat ion I=-60D. 

F igure 38.3 summarizes the results of an in-house JCI  
aeromagnetic survey (1974)  over the Otjihase area; this 
survey was f lown using a Geometrics G803 proton-precession 
magnetometer at  a Lerrain clearance of 70 m, along north- 
northwest-south-southeast f l ight  l ines having a separation of 
400 m. The ore-zone is character ized by a 3 k m  long, l inear 
magnetic anomaly produced by the 3 m th ick magneti te- 
quar tz i te  horizon associated w i t h  the major sulphide zone. 
The predominantly negative response (maximum AT=100 
gammas) is consistent. w i th  a sheet dipping approximately 20° 
t o  the nor th and magnetized by induction only. 

F r o m  the results of the test surveys, i t was concluded 
tha t  orebodies of the search target type were characterized 
by  narrow, l inear magnetic anomalies having strike-lengths i n  

excess of 1.5 km, but probably not greater than 5 km, w i t h  
the anomalous horizon showing well-developed continuity 
along strike. Available evidence showed that such horizons 
had (i) magnetically ident i f iable widths i n  the range 10 t o  
50 m, but were generally not greater than 20 m, and ( i i )  a 
bulk magneti te content varying f r o m  5 t o  40 per cent by 
volume. While the str ike-trace of the magneti te-quartzi te 
units generally correlated wel l  w i t h  the mineralized trace, 
in fer r ing either contiguous horizons or an in t imate 
associatiori of both, one instance of a considerable separation 
(100 t o  200 m) between ore horizon and magneti te-quartzi te 
was noted a t  the Rozyn-Bosh Prospect, Northwest Cape 
Province. A discrete di f ference in  stratigraphic levels 
between the sulphide mineral izat ion and the magnetite- 
quartzi tes is a common feature of these types of deposits 
(Stanton, R.L. pers. comm.), and the phenomenon was 
incorporated i n t o  the f ina l  search model. 

Whilst recognizing tha t  thc magnetite-quartzites do not 
always const i tute the major ore-bearing horizons, their  
association w i t h  mineral izat ion and their geophysical 
responses, were such as t o  render these units of pr ime 
prospecting significance in  the search for  Cu-Pb-Zn and 
cupreous py r i te  deposits. I n  general, the magnetite-quartzites 
were assumed t o  act  as unique marker horizons for  such 
mineralization, and as discrete units their  strike extent 
appeared to  exert considerable control  (albeit  indirect ly) on 
the spatial development of sympathetically correlat ing 
sulphides. 
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Given the  resul tant  magnet ic  signal responses of t h e  
search t a rge t  mineralization, and the  l imited number of 
magnetite-bearing geological units within both prospect 
areas,  t he  aeromagnet ic  technique recommended itself a s  the  
pr ime reconnaissance prospecting tool,  both in t e r m s  of i t s  
cos t -ef fect iveness  and i t s  fas t - target  generation capabilities. 
Fur thermore ,  this s t r a t egy  eliminated large  a reas  with no 
economic potential  (i.e. a r e a s  of l i t t le  or no magnet ic  relief)  
a t  t he  outset .  Thus, t h e  init ial  prospecting approach was  an 
indirect  one, with a reas  of possible mineralization potential  
being se l ec t ed  on the  basis of thei r  proximity t o  in terpre ted 
m a a n e t i t e - a u a r t ~ i t e  horizons. 

A t  this s t age  of t he  program, l i t t le  a t t e m p t  was made 
t o  uti l ize any of the  conventional qeophysical prospecting 
techniques  in defining the  t a rge t  sulphide zones themselves. 
Within the  Northwest Cape  area ,  the  generally disseminated 
na tu re  of t he  sulphide zones  precluded thei r  detect ion by 
airborne e lec t romagnet ic  methods,  whereas  portions of t h e  
overburden-covered a reas  of t h e  Gorob Prospect  were  known, 
f r o m  a previous Input EM survey executed on behalf of 
Penarroya,  t o  be highly conductive,  thereby negating t h e  
ef fect iveness  of  AEM surveys over a large  portion of the  
area .  

Regional geochemical sampling was  not employed in the  
reconnaissance phase of the  Northwest Cape  program, due to 
doubts (since dispelled) a s  to  i ts  ef fec t iveness  in ca lcre te-  
covered arcos,  and i t s  inferior cos t -ef fect iveness t ra te  of 

coverage when compared t o  t h e  aeromagnet ic  method. 
Geochemical surveys were  utilized in t h e  Gorob area ,  but 
proved ineffect ive  in the  deep calcre te-covered zones. 

Selection of Potential Magnetite-Quartzite Horizons 
from Aeromagnetic Data 

Because of their  geometry,  magnet i te-quar tz i te  
horizons produce an anomalous aerornagnetic profile having 
t h e  character is t ic  thin-dyke (i.e. sensor ground c learance 
>> dyke width) wavefo rm,  (Gay, 1963; Reford, 1964). While 
this waveform is an important aerornagnetic parameter  in 
identifying potential  magnetite-quart~ite-units on the  basis of 
t he i r  geometr ica l  configuration i.e. d i f ferent ia t ing between 
th ickl th in  dykes, plugs etc. ,  i t  cannot be taken a s  uniquely 
diagnostic of the  causative source. Other  magnetite-bearing 
units (e.g. amphibolites) of long s t r ikc  ex ten t  and widths not 
g rea t e r  than the  sensor ground c learance (i.e. about 100 m), 
may be expected to  produce similar magnet ic  targets.  The 
only additional cr i ter ia  t h a t  can be utilized in separating 
significant horizons f rom those of lesser significance, short  of 
ground checking, is an  assessment of anomaly amplitudes 
within any one prospect area.  However t h e  amplitude 
pa ramete r  must be used with caution, a s  discussed below. 

The magnetic response (peak-to-peak amplitude) of a 
magnet i te-quar tz i te  unit is not in itself significant in t e rms  
of (a) i t s  identity and (b) the  exis tence  or otherwise of 
sympathetically correlating st~lphide mineralization. 

-- 

Figure 38.3. Aeromagnetic contour map, Otjihase area. 
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Neglect ing remanence, the  amplitude of the  magnetic 
response is mainly dependant on the  product of t he  width and 
magne t i t e  content  of t he  ho r~zon ,  and may vary by an order 
of magnitude, a s  shown by t h e  tes t  surveys over Aggenys and 
Otjihase,  which demonstrated magnet i te  content  (by volume) 
x width  character is t ics  of t he  order of 300 mOh and 20 m% 
respectively.  The development of magnet i te-quar tz i te  units 
is of g rea t e s t  significance, ra ther  than thei r  width or 
magne t i t e  content,  although the  major orebodies do seem t o  
b e  associated with higher magnet i te  contents  in most cases. 

In addition, localized tec tonic  thickening of the  
magnet i te-quar tz i te  unit e.g. drag folding, which in itself is a 
favourable  indicator of possible contiguous sulphide 
deposit ion, will generally result  in an increase  in t h e  apparent 
in tens i ty  of magnetization of this unit, producing an 
amplitude-enhanced magnet ic  response. Thus, given other  
favourable  parameters ,  i t  remains  a valid approach to assign 
high priorit ies to those horizons, or d iscre te  s t r ike  sections,  
showing t h e  greates t  magnetic activity within an area .  

Reconnaissance Phase - Ground Magnetometer Suveys 

Ground magnetometer  surveys were  rxecu ted  over 
se l ec t ed  airborne anomalies with the  purpose of 
(a) accura t e ly  delineating t h e  anomaly on t h e  ground and 
(b) resolving ambiguities inherent in the  selection of thin- 
dyke  anomalies f rom the  airborne data.  Based on waveform 
analysis,  (Martin,  1966; Koulomzine e t  al., 1970, and 
Am, 1972), t he  superior resolving power of t he  ground surveys 
pe rmi t t ed  the  rejection of heterogeneous magnetite-bearing 
uni ts  which had appeared a s  composite units f rom t h e  air, 
plus those  units which on inspection proved to  have widths 
g r e a t e r  than 40-50 m. Irr outcropping areas ,  nonsignificant 
anomal ies  were  re jec ted f rom geological considerations. 

Follow-up Exploration Phase 

Based on prior empirical  observations, t he  search model 
adopted allowed for  possible spatial  separa t ion between the  
magnet i te-quar tz i te  horizon and i t s  associated 
mineralization. Thus t h e  search for  sulphide zones  was not 
only r e s t r i c t ed  t o  t h e  delineation of possible ore-bearing 
horizons contiguous with t h e  pre-delineated magnetite- 
qua r t z i t e  horizon, but recognized t h a t  such zones, while 
paralleling t h e  former ,  might occur  up t o  (say) 200 m away 
f r o m  it. 

Magnetic horizons conforming t o  the  search t a rge t  type  
w e r e  accurate ly  located on t h e  ground, and were  covered by 
deta i led  geochemical surveys aimed a t  assessing t h e  base- 
m e t a l  potential  of the  horizon and adjacent area ,  up t o  500 m 
on e i ther  s ide  of t h e  horizon. Soil and/or o ther  surface  
ma te r i a l  samples  were  taken a t  10  m intervals  along line, 
w i th  the  minus 80  mesh f rac t ion being t r e a t e d  by to t a l  acid 
ex t r ac t ion  and analyzed for  Cu, Zn, and P b  on a tomic  
absorption analytical  equipment.  

Within the  Northwest Cape,  geochemical sampling was  
followed by IP surveys over the  same  grids, with the  a im of 
determining t h e  sulphide potential  of (a) prominent base- 
m e t a l  geochemical anomal ies  or (b) t he  en t i r e  grid, where  
reasonable  doubt existed a s  t o  t h e  ef fect iveness  of t h e  
geochemical  technique in any one area.  Under favourable 
c i rcumstances ,  t he  IP  technique is capable of yielding 
polarization responses f rom sulphide zones  having a s  l i t t le  a s  
2 per  cen t  sulphides by volume, and thus lent  itself ideally t o  
t h e  search for what,  in the  main, were  expected t o  be 
disseminated (about 5 per cen t  by volume) sulphides. 

As t h e  Gorob Prospect  a rea  was  known t o  be  typified by 
contiguous magnet i te-quar tz i te  and massive pyr i te  sulphide 
horizons, t h e  search for  t h e  l a t t e r  was  init iated using t h e  
Turam elect romagnet ic  technique. In terpre ta t ion problems 

arising f rom the  use of Turam led to  i ts  early rejection, and 
except  where  geological problems dic ta ted  otherwise (see 
la ter ) ,  investigation of potential  sulphide-bearing magnet i te-  
qua r t z i t e  horizons was  undertaken by sys temat ic  percussion 
drilling. 

GEOPHYSICAL R E S W T S  

The Pofadder East Block, South Africa 

Aeromagnet ic  Survey 

The aeromagnet ic  survey of the  Pofadder East  Block 
was  flown using a Scintrex Map-2 proton-precession 
magnetometer  a t  a ter ra in  c learance  of 70 m, along north- 
south fl ight l ines having a separation of 300 m. An 
isomagnetic contour map  covering t h e  major portion of this 
block is shown in Figure  38.4. The original contour interval of 
1 0  gammas  has  been coarsened in Figure 30.4 t o  50 gammas  
for the  sake of visual clari ty.  The corresponding magnet ic  
mterpre ta t ion map is shown in Figure 38.5. 

Some 40 per ccn t  of t he  to t a l  survey a rea  is underlain 
by weak t o  moderate ly  magnet ic  rock units, which show up a s  
composite assemblages comprising closely-spaced, subparallel  
magnet ic  anomalies. The short  wavelength nature  of t h e  
l a t t e r  indicates a near-surface origin for their  causat ive  
sources, ca lcula ted  depths of burial being in t h e  range 
0-20 m i.e. well within the  depth penetration capabili t ies of 
t he  IP technique. 

Major magnet ic  discontinuities, o ther  than those due t o  
contact - type sources,  a r e  not common within t h e  area,  and 
this implied scarc i ty  of faults/shears has since been 
substant ia ted  by l a t e r  geological mapping (guided by t h e  
aeromagnet ic  data).  While t h e  major s t ruc tu re  of this Block 
conforms t o  t h a t  of an  easterly-plunging synform, t h e  
presence of a rapidly alternating ser ies  of subparallel 
ant i formal  and synformal fold axes is r e a d ~ l y  detectable  f r o m  
the  data.  Where such fold axes  have been interpreted, t h e  
selection of an  ant i form or synform was based on t h e  
assumption of induced magnetization of the  outer magnet ic  
horizons. 

Four  major,  magnetically identifiable rock units 
coded A t o  D (see Fig. 38.5) have been defined within the  
survey area ,  and a r e  discussed below. 

Unit  A, which occupies the  centra l  portion of the  survey 
a rea ,  is corre la ted  with nonmagnetic bioti te gneiss 
assemblages. Although these  gneisses can be geologically 
subdivided, no such distinction is possible f rom the  
aeromagnet ic  data.  

Unit  B occuples some 40 per cen t  of t he  to t a l  survey 
area ,  and co r re l a t e s  with a reas  underlain by basal 
quartzofeldspathic gneisses whlch occupy in terpre ted 
ant i formal  s t ructures .  These weakly magnet ic  units generally 
exhibit a domal s t ructure ,  and t h e ~ r  nonconformable nature  is 
apparent  in the  centra l  portion of the  survey area. 

Moderately magnet ic  zones in terpre ted as Unit  C occur  
within t h e  centra l  and eas tern  areas,  and a r e  corre la ted  with 
d iscre te  calc-sil icate units falling within the  topmost pa r t  of 
t h e  local sequence. This is consistent with an  in terpre ta t ion 
of thei r  association with east-west oriented synformal 
s t ructures ,  and isolated units of this type  presumably 
represent  erosional remnants.  

Unit D encompasses a fairly large  zone in the  northwest 
and western  portions of t h e  area ,  where  i t  is geologically 
corre la ted  with pink gneisses and biotite-schist units, which 
have associated magnetite-quartzites,  me taqua r t z i t e s  and 
amphibolites. This moderately magnet ic  unit is t he  
potentially mineralized portion of t h e  Bushmanland Sequence 
in the  Northwest Cape. 
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The weakly magnet ic  cha rac t e r i s t i c s  of units A and B 
were  taken a s  precluding the  presence  of significant 
magnet i te -quar tz i tes  therein.  Based on t h e  search  t a r g e t  
model, this automat ica l ly  excluded some 50-60 per cent  of 
t he  present a r ea  a s  having l i t t le  or no economic potential ,  
which subsequent ground checking proved t o  be  correc t .  

The high density of magnct ic  horizons within units C 
and D, resul ted  in t h e  selection thcre in  of 1 8  priority a r e a s  
covering aeromagnet ic  anomal ies  thought likely t o  r e f l ec t  
magnet i te -quar tz i te  horizons. T ruc  magnet i te -quar tz i te  units 
a r e  now known t o  l ie only within unit D, where  they a r e  
identified by aeromagnet ic  anomal ies  AM1 and AM3 (see 
Fig. 38.5). Elsewhere,  major magnet ic  responses a r e  
a t t r i bu l ab le  t o  magnet i te -enr iched lenses within 
amphiboli t ic-type rocks, with t h e  exception of AM2, which 
r e f l ec t s  magne t i t e  layers in an intrusive metagabbroic  sill 
within b io t i te  gneiss country rocks. 

AM1 and AM3 appear  a s  predominantly negat ive  
anomal ies  which, given t h e  confirmed near-vertical  dip of 
enclosing s t r a t a ,  implies t h a t  r emanen t  r a the r  than induced 
magnetism must be  t aken  a s  t h e  dominant magnet iza t ion  
con1 ri butor, with t he  r emanen t  magnet iza t ion  vector  beiny 
ani.i-parallel t o  t h e  present ear l  h's f ield inclination. As both 
thc  unit C and D rocks a r e  cha rac t e r i zed  by normal induced 
responses only, i t  would appear  these  remanently magnet ized 
magne t i t e -qua r t z i t e  horizons must occupy a unique position 
wit.hir~ the  local  Bushmanland stratigraphy. AM3 was 
subsequently proven to  have no base-metal  sulphide 
associations.  

The northeast-str iking magnet ic  anomaly AM1 extends  
fo r  some 1 0  km, and fo r  a considerable portion of i t s  length is 
spatially associa ted  with a minera l ized  horizon a t  Putsberg.  
The Putsberg  mineralized s t ra l igraphic  horizon parallels t h c  
rnagnet i te -quar tz i te  unit which has  produced AM1 and occurs 
s o m e  100-250 m t o  t h e  south,  where  i t  l ies close t o  an  
in terpre ted  con tac t  be tween units B and D. I t  appears  
significant in t e r m s  of mineralization control ,  t h a t  t h e  
aeromagnet ic  anomaly a t t a in s  i t s  g rea t e s t  amplitude adjacent  
t o  t he  mineralized zone,  indicating a marked increase  in i ts  
width and/or magne t i t e  content  within this section.  In f a c t  it 
is  a combination of increased width and increased magne t i t e  
con ten t  which produces t h e  major anomaly. Magnetic 
discontinuit ies a r e  apparent  aL t h e  ext remity  of t h e  highly 
anomalous sec t ion  of t h e  anornaly, and a r e  re la ted  t o  local  
tc rminat ions  of t h e  magnet i te -quar tz i te  horizon. 

Given i ts  exploration siqnificance,  t h e  magnet iza t ion  
cha rac t e r i s t i c s  of this anomaly may assume special  
impor tance .  Insufficient evidence  exis ts  t o  establish any 
d i r e c t  relationship between a r e a s  of possible mineralization 
and the i r  association with rcmanent ly  magnet ized units, but 
i t  may be significant t h a t  t he  magnet i te -quar tz i te  a t  t.he 
Gamsberg  zinc deposit  is also repor ted  t o  show a l a rge  
negat ive  r emanen t  component.  

Ground Surveys 

The ground follow-up program over 1 8  se l ec t cd  
ae romagne t i c  t a rge t s  comprised ground magnetomctcr ,  
geochemical  soil sampling arid induced polarization surveys 
ca r r i ed  out  during t h e  period August 1973  t o  July 1974. 
Magnetometer  surveys were  conducted  a t  20 m in tcrvals  
along t raverse  l ines  having a spacing of 200 m, t o t a l  coverage  
being 700 line kilometres.  Thc ins t ruments  used were  Scintrex 
MF-2 fluxgate magne tome te r s  and Geometries G816 protun- 
precession magnetometers .  Induced polarization survcys 
to ta l l ing  100 l ine k i lometres  were  carr ied  out  using a McPhar 
P660  frequency-domain unit, t h e  prefer red  e lec t rode  
configuration being dipole-dipole wi th  an 'a' spacing of 25  m 
o r  50  m (prior investigation had shown t h e  thin overburden 
cove r  t o  be  modera te ly  resisl.ive (about  300 Rm) and t h e  
upper weathered layer  t o  be  less  t han  10 m thick). 

Sys t ema t i c  deployment of t h e  above techniques over 
and adjacent  to  se lec ted  aeromagnet ic  anomalies,  resulted in 
t h e  delineation of a zone of copper mineralization on the  
Putsberg  farm.  The ground magne tome te r  coverage  of t he  
significant portion of aeromagnet ic  anomaly AM1 (which f i rs t  
drew a t t en t ion  t o  t he  area)  is shown in i s0magne t . j~  contour 
f o r m  in Figure  38.613, along with t he  subsequently determined 
s t r i ke  t r a c e  of t h e  mineralized horizon. 

The  magnet ic  zone identified with AM1 extends  for  a 
d is tance  of 6.5 km, f rom line 9000 in t he  southwest  t o  l ine 
1 5  500 in t h e  northeast ,  and is  flanked by nonmagnetic rock 
assemblages  (with t h e  exception of a narrow amphiboli te 
horizon t o  t h e  south). For  t he  g rea t e r  pa r t  of i ts  length (l ines 
9000 - 1 2  800) i t s  major component is a sharply peaking 
magnet ic  low (AT=1000-2000 gammas) ,  which r e f l ec t s  a 
magne t i t e -qua r t z i t e  horizon having a width in t h e  range 
15-25 m,  and an average  "depth t o  top" of 1 0  rn. This unit  is 
i n t e r ca l a t ed  within a magneti te-rich si l l imanitc qneiss which 
ave rages  about 60 m in thickness. Both causat ive  sources 
exhibit  remanent  magnetization,  with t h e  polarization vector  
being anti-parallel  t n  t h e  ear th ' s  present f ield inclination 
(I R -60'). 

Lying some 100-250m south of, and paralleling 
ae romagne t i c  anomaly AM1, t h e  meta l l i ferous  horizon was  
del ineated  by detailed IP surveys carr ied  out  over and along 
t h e  projec ted  s t r ike  t r a c e  of weak, discontinuous Cu-Zn 
geochemical  anomalics.The copper anomaly is subdued and 
values between two and t h r e e  t imes  a background of 
25  ppm C u  a r e  t h e  norm, with a maximum spot value of 
260 ppm cu. The  z inc  is  more  e r r a t i c  but values four  t o  f ive  
t imes  a background of about  80  ppm a r e  common, and z inc  
values  a r e  sympathel ic  t o  t h e  copper values. 

F igure  38.ha shows two of t h e  original 
magnet ic /geochemical / IP  discovery t r avc r sc s  over t h e  
minera l ized  zone. The 4 km-long IP  anomaly r e f l ec t s  a 
narrow (about 20 m wide) steeply-dipping causat ive  source 
having a shallow depth  (< 1 5  m)  t o  top,  which was 
cha rac t e r i zed  by strongly persistent responses in t h e  range 3 
t o  4.5 per cent  PFE. The polarizable unit shows no unique 
corre la t ing  resist ivity low, thereby largely precluding massive 
(conducting-type) sulphide mineralization.  The  hanging-wall 
biotite-gneisses/schists a r e  cha rac t e r i zed  by resist ivit ies of 
200 R m, while t h e  footwall  greylpink gneisses show values in 
t h e  range 1000 t o  5000 R m,  thereby readily permitt ing 
mapping of the i r  con tac t  by t h e  resist ivity method. 

Contemporaneous  percussion drilling guided on s i te  by 
t h e  IP  survey results ,  showed t h a t  t h e  polarizable unit 
r e f l ec t ed  a 4 km long, persistently mineralized horizon lying 
under 1-5 m of overburden, and containing e r r a t i c  copper 
values of up t o  4 pcr cen t  

Subsequent work has  shown t h e  polarizable horizon t o  
conta in  finely disscminated pyr i te  (be tween 1 per c e n t  and 
rare ly  1 0  per c e n t  by volume) within a 10  m thick assemblage 
of he terogeneous  schists and thin siliceous beds. The major 
base-meta l  mineral  is chalcopyrite which is present  in 
suff ic ient  quanti1.y t o  gene ra t e  subeconomic mineralized 
bodies a t  t h r e e  scc t ions  along t h e  mineralizcd horizon, 
be tween l ines 10300-10500, l ines 1100-11500 and 
l ines 12100-12500. Because these  o re  zone sec t ions  a r e  not 
character ised  by a significant build up in sulphide content  as  
such, t h e  IP  technique proved incapable of defining them 
uniquely within t he  boundaries of t he  mineralized horizon. 

Geophysical Test Surveys over 
Putsberg Mineralized Horizons 

In order  Lo provide a more  c o m p l e t r  qro-e lec t r ica l  
"finger-print" of t h e  Putsberg  mineralized horizon, t e s t  
surveys were  carr ied  ou t  over se lec ted  s e c t ~ o n s  using t h e  
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self-potential, electromagnetic and time-domain IP  methods, Gorob Prospect Area, South West Africa 
and an example of the results obtained is shown i n  
F igure 38.7. Aeromagnetie Survey 

While consistently significant anomalies were obtained 
by both frequency and time-domain IP  systems using a variety 
o f  electrode configurations, i t is noteworthy (although not 
unexpected) that  the sulphide horizon fa i led t o  generate 
d is t inct  horizontal-loop EM and self-potent ial  anomalies. 
Given the near-surface locat ion (about 5 m depth) o f  the 
sulphides, this is of course direct ly attr ibutable to  the lack o f  
massive sulphides i n  situ, thereby precluding any significant 
degree of e lect r ica l  interconnection between sulphide grains. 

Figure 38.8 shows the results of an in-house JCI  
aeromagnetic survey over the major port ion of the Prospect 
area, the or iginal min imum contour interval o f  2.5 gammas 
having been coarsened t o  10 gammas for the sake of visual 
clar i ty.  The survey was f lown using a Geometrics G803 
proton-precession magnetometer at  a mean terrain clearance 
o f  100 m, along northwest-southeast traverse lines having a 
separation of 400 m. 

Figure 38.7. Ground geophysical test surveys, Putsberg mineral ized zone. 
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Magnetic activity within t h e  a r e a  is largely res t r ic ted  
t o  magnetite-bearing amphibolites of the  so-called 
Amphibolite Belt ,  which fall  within essentially nonmagnetic 
schists and gneisses. The magnetite-bearing nature  of these  
amphibolites is in sharp contras t  t o  those occurring in t h e  
vicinity of t h e  Otjihase Mine, which contain l i t t le  or no 
magnet i te .  

Major magnetic discontinuities trending north- 
northwest a r e  apparent f rom t h e  aeromagnet ic  map, and in 
most cases  have been corre la ted  with faults/shear-zones 
identified f rom photo-interpretation and geological mapping. 
The shor t  wavelength na tu re  of most magnetic sources 
indicates  shallow t o  modera t e  depths of burial, ranging f rom 
a t  or near-surface in the  south of t he  area ,  up t o  50 m in the  
north. 

Unit  A ref lec ts  a nearly continuous and for  the  most 
pa r t  l inear amphibolite horizon, whose s t r ike  t r ace  delineates 
a major synformal s t ruc tu re  in t h e  western  sector  of t h e  
area .  The amphibolites vary in thickness from 50 t o  300 m, 
and have magnet i te  con ten t s  up t o  5 per cen t  by volume. 
Their  a t t i tudes ,  a s  in terpre ted f rom t h e  magnetic da ta  and 
confirmed in the  field, a r e  consistent with a synclinal 
s t ructure .  Along t h e  southern l imb t h e  amphibolites form an  
outcropping or sub-outcropping unit, whereas  along t h e  
nor thern  l imb the re  is a marked variation in the  "depth t o  
top", ranging f rom sub-outcrop near  t h e  nose of t he  fold, up 
t o  a maximum t o  50 m in the  eas tern  ext remity  of t he  area ,  
ref lec t ing the  increasing thickness of calcrete/alluvium cover  
in this direction. 

The subdivided unit B r e f l ec t s  d iscre te  magnetite- 
qua r t z i t e  horizons lying s t ructura l ly  below the  amphibolite 
unit ,  and separa ted f rom i t  (in plan position) by dis tances  
varying f rom 100 t o  300 m. The  magnet i te-quar tz i tes  B1, B2, 
and 83 fall ing along the  southern l imb of the  syncline, 
co r re l a t e  with short-strike length (< 200 m) mineralized 
horizons delineated prior t o  t h e  survey. 81 ref lec ts  a 
500 m-long magnet i te-quar tz i te  horizon (maximum response 
AT=50 gammas) contiguous to  t h e  150 m s t r ike  length pyrite 
orebody a t  t h e  so-called Gorob Mine. 

8 4  r e f l ec t s  a 1.5km-long magnet i te-quar tz i te  
assemmage (maximum response A T=150 gammas) correlating, 
in par t  a t  least ,  with the  oxidized outcrop of the  mineralized 
zone of the  "Hope Mine". The magnet i te-quar tz i te  associated 
wi th  the  mineralization is complexly drag folded in a t ight  
synformal s t ruc tu re  (plunging shallowly t o  the  east-northeast)  
which, prior t o  the  survey, had only been t raced via sub- 
outcrop for a d is tance  of about  300 m from t h e  nose of t h e  
syncline. Subsequent work along t h a t  portion of t h e  ore- 
carrying s t ruc tu re  revealed by t h e  magnet ic  survey results, 
has  proved the  exis tence  of substantial  sulphide 
mineralization along t h e  down-plunge axis. 

Unit  85 ,  since renamed Anomaly Zone, ref lec ts  an  
approximately 4.5 km-long magnet i te-quar tz i te  horizon, 
paralleling and lying some  200-350 m north of t h e  major 
amphibolite unit defining t h e  northern l imb of the  syncline. 
I t s  aeromagnet ic  anomaly overlaps with tha t  of t h e  
amphibolite horizon, such t h a t  i t  is only clearly 
distinguishable a s  a unique horizon f rom t h e  original profile 
da t a .  The magnet i te-quar tz i te  unit is now known t o  contain 
ore-grade copper mineralization within th ree  discrete,  shor t  
strike-length (about 500 m) sections. For the  ent i re ty  of i t s  
strike-length,  t he  Anomaly Zone magnet i te-quar tz i te  is  
overlain by some  2-40 m of surficial  c a l c r e t e  and gravels. 

Unit  C re f l ec t s  weakly magnet ic  granitic intrusions, 
which have removed the  eas tward  s t r ike  extension of t h e  
nor thern  l imb of the  syncline in t h e  northeast  pa r t s  of t h e  
area .  

Ground Surveys - "Anomaly Zone" 

Ground magnetometer  surveys along a 10  m by 50 m 
grid were  carr ied  out over the  Anomaly Zone area ,  using a 
Geometries G816 proton-precession magnetometer .  Survey 
resul ts  were  used t o  guide contemporaneous percussion 
drilling of t h e  4.5 km-long buried magnet i te-quar tz i te  
horizon, and resulted in the  early delineation of in tercala ted ,  
narrow (less than 2 m wide) massive sulphide sect ions  
carrying t r a c e s  of copper. In an  a t t e m p t  t o  define the  
mineralized horizons more  precisely, and in particular t o  
isolate those sections exhibiting t h e  highest sulphide content,  
ground e lec t romagnet ic  suveys were  carr ied  out  over the  
magne tomete r  grid. These surveys uti l ized a Scintrex SE-71 
Turam EM unit operating a t  a frequency of 400 Hz, loop 
dimensions of 1000 x 1000 m, and a receiver  coil spacing 
of 25 m. 

Magnetometer  survey results over the  en t i r e  Anomaly 
Zone grid, and representa t ive  Turam EM results f rom the  grid 
a r e  shown in Figure  38.9, along with re levant  geological 
information, including the  position of significantly 
mineralized zones proved by l imited drilling. 

The magnet ic  da ta  indicate t h a t  t h e  magnet i te-  
qua r t z i t e  unit shows considerable pinching and swelling along 
strike,  wi th  a maximum thickness of about  20 m. Drilling has 
shown mineralized sulphide zones of low-grade copper in 
t h r e e  places, namely Anomaly West, Cen t ra l  and East. (In 
f ac t ,  Anomaly West and Cen t ra l  a r e  contiguous and fo rm the  
hinge zone of an  easterly-plunging drag fold). I t  is significant 
t h a t  i t  is within these  sect ions  tha t  t he  magnet i te-quar tz i te  
unit a t t a ins  i t s  g rea t e s t  thickness and/or magnet i te  content.  
Using t h e  magnet ic  width(t) x susceptibility (k) product a s  an 
index, t hese  3 sect ions  a r e  character ized by k*t values in 
excess  of 150 cgs  units, vs an "average" value of about  70 cgs  
units (Koulomzine e t  al., 1970; McGrath and Hood, 1970; 
Paterson e t  al., 1975); t h e  contribution f rom pyrrhotite may 
be  significant here. In general t he  magnet ic  da ta  show the  
magnet i te-quar tz i te  unit t o  have a near ver t ica l  t o  s t eep  
southerly dip, although in the  locality of Anomaly 
West /Centra l  this is reversed and a s t e e p  northerly dip is 
indicated ( la ter  verified by diamond drilling). In terpre ted 
depths  of burial range f rom 10-50 m. 

The broad deep-seated anomaly t o  the  west  of Anomaly 
Cen t ra l  has  proved t o  be re la ted  t o  an  amphibolite lens 
detached f rom t h e  main zone t o  the  south. 

The Turam EM survey delineated a continous 4 km-long 
conducting horizon, with an axis parallel  and some 10-20 m 
north of t h e  magnet i te-quar tz i te  horizon. The causat ive  unit 
in general displayed a monotonously regular 
conductivity - thickness value averaging some 1 0  mhos, and, 
assuming a thin dyke source  (Bosschart, 1964) an  average 
depth  of burial of 40 t o  50 m. The e lec t romagnet ic  da ta  were  
disappointing in t h a t  no unique responses were  obtained in the  
vicinity of t he  mineralized sections,  which a r e  now known to  
contain up t o  40 per cen t  by volume of sulphides. 

Given tha t  massive sulphides a r e  not present  along t h e  
en t i r e  s t r ike  ex ten t  of t h e  magnet i te-quar tz i te  horizon, t h e  
s t r ike  persistency and regular s t ra t igraphic  position of the  
conducting horizon, indicate  t h a t  i t s  major causat ive  source 
must  be a t t r ibuted t o  conducting minerals o ther  than 
sulphides in a zone flanking t h e  magnet i te-quar tz i te  unit. In 
this instance,  i t  thus appears  t h a t  t h e  EM resul ts  a r e  not 
diagnostic of buried massive sulphides, but r e l a t e  more  to  a 
wide l i thological unit, probably graphitic schists which have 
been in tersected in one of the  f ew diamond-drill holes in this 
sector .  
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Figure 38.9. Ground geophysical surveys and interpretal ion, Anomaly Zone crrea. 
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Ground Surveys - "Hope Mine" Zone 

Ground magnetometer  da t a  for this a rea  a r e  
summar ized  in the  isomagnetic contour map  of Figure  38.10. 
Survey ins t rumentat ion and grid configuration were  the  same  
a s  for  t h e  Anomaly Zone area.  The magnet i te-quar tz i te  
horizon gene ra t e s  a maximum anomalous response of AT=3000 
g a m m a s  in t h e  locality of t h e  synformal closure and 
diminishes eas twards  in accordance with the  shallow plunge in 
th is  direction. Individual anomalous cen t r e s  relating t o  the  
nor thern  and southern limbs, a r e  clearly identified on t h e  
profile d a t a  for  a d is tance  of 200 m down-plunge f rom t h e  
fold closure. Thereaf ter ,  t he  increasing depth of burial of t he  
magne t i c  units, and thei r  close separa t ion (about 40 m), 
combine t o  produce a single broad anomalous response which 
can  be  t r aced ,  a lbei t  with some difficulty, for  a distance of 
up t o  1500 m along s t r ike  f rom the  fold closure. 

Early drilling along the  synclinal axis (as  in terpre ted 
f r o m  t h e  magnet ic  data)  indicated t h a t  ore-grade massive 
sulphide mineralization was  distributed erra t ica l ly  throughout 
t h e  refolded keel of t h e  syncline, where  i t  conformed t o  a 
near  cylindrical mass with a d iameter  in t h e  range of 
30-50 m. Typical magnet ic  and geological cross-sections a re  
shown in Figure  38.10b. 

Magnet ic  profile d a t a  were  in terpre ted using both the  
thick-dyke and ribbon models (Martin, 1966; Paterson e t  al., 
1975), although i t  was  recognized t h a t  t h e  geometr ica l  
complexi ty  of t he  magnetite-bearing units hardly accorded 
wi th  e i the r  of these  simple models. Theoretically t h e  ribbon 
model should give t h e  best  approximation fo r  a synformal 
s t r u c t u r e  of t h e  type  developed a t  Hope, but i t  was  found in 
p rac t i ce  t h a t  t h e  thick-dyke model yielded (a) t h e  more  
internally consis tent  resul ts  and (b) depth  and dip values 
c loser  to  those  revealed by l a t e r  drilling. In all cases,  induced 
magnet iza t ion was  assumed, and simple field t e s t s  have 
conf i rmed a magnet iza t ion vector  within l o 0  of t h e  earth 's  
present  field inclination of -60°. In pract ice ,  t h e  thick dyke 
model was  used for  determining t h e  axis of t h e  synclinal 
s t ruc tu re ,  which, when combined with t h e  ext rapola ted 
plunge of t h e  mineralized zone, allowed t h e  designation of 
subsurface  drilling targets .  

Taking t h e  magnet i te-quar tz i te  l imbs a s  one composite 
magne t i c  source,  t he  thick dyke in terpre ta t ion showed t h e  
synclinal s t ruc tu re  a s  having a shallow eas ter ly  plunge (< lZO)  
and a steeply-dipping axial plane (>70°N/S). The thick dyke 
and ribbon in terpre ta t ions  were  largely in ag reemen t  t o  t h e  
e a s t  of line 115W, with the  l a t t e r  generating a ribbon lengch 
g r e a t e r  t han  1000 m in this sector  i.e. t h e  magnet i te-  
qua r t z i t e s  did not  appear to  be  significantly depth  limited. 
West of l ine 1 1 5  t h e  ribbon model inevitably exhibited g rea te r  
dep ths  of burial (by 20-50 m), with t h e  ribbon a t  t imes  
(fortuitously?) in tersect ing the  mineralized zone. Lack of 
p rac t i ca l  necessity has  precluded fu r the r  investigation of the  
appropr ia teness  of e i ther  model in such a complex geological 
s i tuat ion,  especially given t h a t  t h e  magne t i t e  distribution 
within the  synclinal unit is known to  vary considerably in both 
t h e  horizontal  and ver t ica l  planes. 

In an  a t t e m p t  t o  define t h e  highly localized ore-zone 
m o r e  closely, recourse was made t o  e l ec t r i ca l  survey 
techniques  a f t e r  co re  tes ts  had shown the  sulphide 
minera l iza t ion t o  be  e lec t r ica l ly  conducting. A down-hole 
resistivity survey in drillhole Hope 5 (see Fig. 38.11) showed 
t h e  upper 7 0  m of s t r a t a  t o  have a resistivity of about  20 Rm, 
res is t iv i t ies  down t o  1 5 0 m  being of t h e  order of 
approximately  40 Qm. These depressed resistivity values were  
a t t r ibu ted  t o  heavy ra ins  having generated highly saline 
groundwater,  although similar values had not been observed in 
t h e  adjacent  Anomaly Zone. Given t h a t  t h e  upper layer  thus 
demons t r a t ed  a minimum conductivity x thickness value of 
3 mhos, su r face  EM techniques were  initially discounted, 

especially given the i r  lack of diagnostic responses in t h e  
Anomaly Zone. The l a rge  depth to  mineralization and limited 
dimensions of t h e  sulphide zone, also mi l i ta ted  against  t he  
use of t he  IP technique, leading finally t o  the  employment of 
t h e  mise-3-la-masse method (Parasnis, 1967). 

Figure  38.11 shows t h e  results of such surveys along t h e  
s t r ike  t r a c e  of t he  magnet ic  unit, utilizing energizing current  
e lec t rodes  in drillholes Hope 5, 9 and 1 7  respectively. 
Infinite current  e lec t rodes  were  se t  out 2 km to  the  north and 
south of t h e  mineralized zone, and surface  voltage potent ia ls  
r ead  (with respect  t o  an  "infinite" potential  e lec t rode)  a t  
in tervals  of 12.5 m along line. Instrumentation consisted of a 
Huntec  7.5 kw, t ime-domain Ip t ransmit ter  and a 
Scintrex IPR-8 receiver  unit. 

The isopotential  d a t a  f rom Hope 5 and 9 (only discre te  
sect ions  of which a r e  shown in Fig. 38.11) confirmed t h e  
presence of a continuous, moderately conducting ribbon 
extending for  a minimum distance of 700 m. Of particular 
no te  is t h e  s t r ike  t r a c e  f lexure  in t h e  locality of l ines 
115-114.5W. The  relatively low values fo r  t h e  normalized 
potential  field response over t h e  mineralization and the  lack 
of a sharply peaking response, a r e  due t o  both t h e  
considerable depth  of burial of t he  mineralization, and the  
thick, upper conducting layer above i t ,  which a c t s  t o  short-  
c i rcui t  and a t t e n u a t e  a major portion of t h e  subsurface 
current  flow. 

The mineralized zone in tersected by Hope 9 appears  t o  
t e rmina te  in t h e  locality of line 114. Mineralization 
in tersected by I-lope 1 7  does  not appear t o  be continuous with 
t h a t  in tersected in Hope 9, nor exhibit significant longitudinal 
dimensions. 

The resul ts  of t he  mise-8-la-masse survey a r e  
summarized, along wi th  the  magnet ic  data,  in the  geophysical 
in terpre ta t ion maps  of Figure  38.12. Results f rom a Pulse EM 
survey utilizing a Crone  Pulse EM unit (see below) a r e  also 
presented thereon. 

An in terpre ta t ion of t h e  magnet ic  da ta  using t h e  thick 
dyke model shows t h e  synclinal fold axis t o  be  a rcua te  in 
outline and s teeply  dipping. The width of t h e  s t ruc tu re  
determined is up t o  60 m g rea te r  than t h a t  indicated by 
drilling, which is due t o  t h e  presence of magnet i te  in the  
schists adjacent  t o  the  quar tz i te .  Based on the  "depth-to-top" 
of t h e  magnet i te-quar tz i tes ,  t he  topmost portion of t h e  
synclinal s t ruc tu re  shows a plunge of 4O along i t s  western  
section, which s t eepens  eas t  of line 115W t o  an angle of l Z O .  
The marked discontinuity in apparent plunge angles is most 
probably due t o  faul t ing believed to  occur between lines 115  
and 114W. 

For  t h e  g rea te r  pa r t  of i t s  known s t r ike  length and fo r  
depths  of burial of up t o  125  m, t h e  mineralized zone is well 
delineated by both t h e  Pulse EM and mise-8-la-masse data.  
Only t h e  l a t t e r ,  however,  provides information on the  known 
northern f lexure  of t h e  zone a t  i t s  eas tern  extremity.  The 
lack of continuity of t he  mise-8-la-masse conductive axis t o  
t h e  eas t  of line 114.5W, presumably t i e s  in with t h e  f au l t  
indicated a s  occurring a t  this locality (from both magnet ic  
and drilling information). 

The contributions made by both magnet ic  and e lec t r ica l  
methods  t o  this par t icular  search problem, comprising a s  they 
do a mixture  of quant i ta t ive  and qualitative da ta  
interpretations,  a r e  an  e f f ec t ive  testimony t o  t h e  value of 
multi-technique geophysical surveys in assisting drilling 
programs a imed a t  assessing relatively small, discrete,  and 
the re fo re  difficult  drilling t a rge t s  a t  moderate  depths of 
burial. 
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Figure 38.10. Ground magnetometer surveys, Hope Mine Zone. 
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Figure 38.13. Ground geophysical t e s t  surveys, Hope Mine Zone. 

Tes t  Geophysical Surveys  - Hope  Mine Ore-Zone This was  followed by a ser ies  of comparat ive  surveys 
employing t h e  IP, Turam EM and horizontal-loop EM (Geonics 
EM17L) methods, sample  resul ts  f rom all excep t  t he  l a t t e r  
being shown in Figure  38.13. The 600 m s t r ike  extent  covered 
in these  surveys r e f l ec t ed  ore-zone depths of burial f rom 
30 m (L121W) t o  1 2 5  m (L115W). 

The Crone  Pulse  EM equipment (Crone, 1976) comprised 
horizontal  Tx/Rx dipoles having a separa t ion of 75 m. D a t a  
a r e  presented in t h e  conventional manner a s  a logarithmic 

Because  of i t s  l imited la tera l  dimensions, l a rge  depth of 
burial, and relatively low conductivity (about lmho/m), 
de t ec t ion  of this sulphide ore-zone presents  a challenging 
geophysical search problem, especially given t h e  conducting 
na tu re  of t h e  local country rocks. The postdrilling availability 
of a Crone  Pulse EM system (through Geoterrex Ltd.) 
prompted t h e  execution of a small  t e s t  survey a imed a t  
determining the  t ime-domain EM response of t he  ore-zone. 
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response funct ions  (signal ampl i tude  in ppt)  fo r  t h e  7 receiver  
sample  channels, with channel 1 ref lec t ing  t h e  shortest: and 
channel  7 t h c  longest  t ime  delays i.e. anomalies in t h e  higher 
numbered channels r e f l ec t  a progressively increasing 
conduct iv i ty  of t he  causative source and/or more  deep-seated 
responses.  

The  lack  of a comprchensivc in terpre ta t ion  scheme ( a t  
t h e  t i m e  of t h e  survey) precluded more  than an assessment of 
t h e  presence  or otherwise of rcadily identifiable channel 
anomalies.  While only line 121W (depth-30 m) yielded an 
anomaly wi th  a good signal-to-noise ratio,  i t  is possible to  
t r a c e  t h e  ore-zone responscs through, on progressively higher 
channel numbers,  t o  t he  vicinity of line 115W (depth  about 
125m). However ,  the  poor signal-to-noise ra t ios  from 
l ine  117W eas twards ,  would most probably have precluded 
conf ident  anomaly identification had t h e  presence  of a 
conducting zone not already been known. It is interesting t o  
no te  t h a t  t h e  horizontal-loop EM results  (a=200 m, f=800 Hz), 
whilc being of inferior quality t o  t h e  Pulse  EM da ta ,  
pe rmi t t ed  delineation of t he  ore-zone up t o  l ine  117W. 

In con t r a s t ,  t h e  Turam survey resul ts  failed t o  
de l ineate  t h e  ore-zone past  line 119W, and even on t h e  l a t t e r  
did not conclusively resolve t h e  na tu rc  of t h e  causat ive  
source. The  highly conducting su r f ace  layer  proved a scrious 
drawback in t h e  field uti l ization of this method. While t h e  
na tu re  of t h e  search  problem demanded small  loop s i ze s  (say 
500 m x 500 m)  and low frequencies (200 t-lz on the  
Scint rex  SE-71) (West, pers. cornnr., 19751, a t t enua t ion  of t h e  
pr imary and secondary magnet ic  f ields via t h e  conducting 
layer,  resul ted  in ext remely  poor signal-to-noise ratios,  and 

,a lmost  comple t e  loss of signal some 300 m f r o m  t h e  lcading 
edge  of t h e  loop. Field operations in this c a s e  were  only 
prac t icable  using a 1000 x 1000 m loop and a f requency of 
400 Hz,  wi th  a coil spacing a = 25 m. The surprisingly large  
f ie ld-s t rength  ra t io  (about 40 per cen t )  anomaly on l ine  121W 
may, in pa r t ,  be due to t he  current-gathering anomaly e f f e c t  
(duc t o  host  rock conductivity) described by Lamontagne 
(1970), Lajoie  (1973) and West (pcrs. cornm., 1975). 
Elsewhere ,  minor anomalous f ea tu re s  have been a t t r i bu t ed  t o  
t h e  heterogeneous  surficial  conducting layer. 

Time-domain IP  surveys were  carr ied  ou t  using a 
Hun tec  7.5 kw t r ansmi t t e r  (2 sec.  on/off)  and a Scintrex IPR-  
8 receiver .  Given t h e  search  t a rge t  dimensions, t h e  lack  of 
s igni f icant  anomalous IP responses along any of t h e  sec t ions  
t r ave r sed  is not unexpected.  The 5 mV/VIP anomaly on 
l ine 121W (gradient ar ray  + pole-dipole, n = l )  presumably 
r e f l ec t s  t h e  narrow, polarizable magnet i te -quar tz i tes .  Host 
rock res is t iv i t ies  in t he  vicinity of t h e  ore-zone a r e  ger~era l ly  
about  5 0  Rm, confirming (in a qual i ta t ive  sense) t h e  results  of 
t h e  down-hole resist ivity survcy. The disparity in value 
(20 Rm vs  5 0  Rm) between t h e  surface  and down-hole surveys 
may be due  to  t he  combination of a thin, su r f ace  resist ive 
layer,  and t h e  presence  of conducting muds  e tc .  in t h e  
borehole.  

Given t h e  d iscre te  na ture  of a sulphide t a rge t ,  and i t s  
conduct ive  geoelcc t r ica l  environment,  it would thus  appear  
t h a t  i t s  delineation by su r f ace  geophysical surveys can only 
be  done by uti l izing close-coupled EM techniques.  

SUMMARY AND CONCLUSIONS 

1. While no major base-meta l  discoveries resulted f r o m  t h e  
p re sen t  exploration program, adoption of a pragmat ic  
s ea rch  t a r g e t  model did result  in t h e  discovery of severa l  
smal l  orebodies,  in particular t h e  Putsbcrg  grassroots  
discovery in the  Pofadder  Eas t  Block, South  Afric-a, plus 
t h e  Hope  Mine and Anomaly Zone orebodies within t h e  
Gorob Prospect ,  South West Africa.  A t  prcsent  all t he se  
deposi t s  a r e  considered subeconornic by t h e  holding 
company,  and thus a r e  not being exploited. 

Within t h e  Southern African context ,  t he re  is a valid 
corre la t ion  between magnetite-quartzites and spatially 
corre la t ing  base-meta l  orebodies of both t h e  complex 
Pb-Zn-Cu-Ag and cupreous pyr i te  type,  in t h e  cover  
rocks  of many metamorphic  terranes.  

Base-rnetal  sulphides may bc directly associated with t h e  
magnet i te -quar tz i te  horizons or may be spatially 
s epa ra t ed  (up t o  300 m) f rom these  horizons. 

Deta i led  ae romagne t i c  surveys a r e  invaluable in t h e  
search  for  rnagneti te-quart .zi te horizons, especially in 
geoloqical  envi ronments  where  magnet ic  activity is  
r e s t r i c t ed  t o  a l imi ted  number of lit.hological units. Cost -  
e f f ec t ive  benef i t s  include rapid t a rge t  generation,  t h e  
re jec t ion  of obviously nonpotential  a reas ,  and t h e  
building up of a semi-regional geological framework. 

In terpre ta t ion  of t he  aeromagnet ic  da t a  should 
emphasize  t h e  se lec t ion  of anomalies ref lec t ing  thin- 
dyke causat ive  sources  and should be based on 
in terpre ta t ion  of profiles r a the r  than contour  maps. 
Priori ty t a rge t s  a r e  those showing a s t ruc tura l  
discontinuity or an  enhanced magnet ic  response resulting 
f rom t ec ton ic  thickening and/or an increased magne t i t e  
content .  

In t h e  f i rs t  instance i t  is t h e  presence of t h e  magnet i te -  
q u a r t r i t e  itself and i t s  re la t ive  (and not absolute) 
magnet ic  response, which a r e  significant in t h e  search  
for  associated base me ta l  sulphides. 

Ground magnet ic  surveys a s  a follow-up t o  aeromagnet ic  
surveys se rve  (a) t o  accura te ly  del ineate  t h e  magnet ic  
unit on t h e  ground, (b) t o  r e j ec t  those horizons which do 
not accord  with t h e  thin-dyke model, (c) t o  permit  an 
a c c u r a t e  in terpre ta t ion  of t h e  geometr ica l  configuration 
of meta l l i ferous  zones  in cases  where t h e  l a t t e r  a r e  
in terca la ted  with magnet i te -quar tz i tes  and lie under 
subs tant ia l  overburden cover,  and (d) t o  provide an  
invaluable aid t o  in terpre ta t ion  of t h e  geology of a n  
area .  

Having located  t h e  t a r g e t  using magnet ics  and geology 
(where possible), t h e  next  logical s t ep  is t o  assess t h e  
t a r g c t  geochemically where  overburden is not an 
inhibiting fac tor ,  using a grid which permits  coverage  up 
t o  500 rn on e i the r  s ide  of t h e  axis of t h e  magne t i c  
t a rge t .  

The rea f t e r  significant geochemical anomal ies  should be  
followed-up using IP/EM techniques,  bearing in mind t h a t  
possible ambigui t ies  may arise where sulphide 
mineralization is directly associated with t h e  maqnet i te -  
quar tz i te .  

Exploration of long s t r ike-extent  magnet i te -quar tz i te  
zones  is most cos t  e f f ec t ive  when inexpensive percussion 
drilling can be used t o  probe t h e  anomaly (i.e. where  t h e  
depth  t o  f resh  sulphides is generally less than 40 m). In 
ca ses  where  IP anomal ies  a r e  genera ted  in a r eas  covered 
by overburden and close t o  t h e  search  t a rge t - type  of 
magne t i c  anomaly,  percusison drilling will most cos t  
e f fec t ive ly  indica te  whether  significant mineralization is 
developed t h e r e  or not. 

The  exploration model adopted here ,  and the  
geophysical techniques  and in terpre ta t ion  schemes  utilized, 
a r e  deceptively simple. Howcver,  in t h e  South African 
con tex t  they have proved very successful  in exploration f o r  
t h e  various types  of mineralization which can  occur  in 
association with magnet i te -quar tz i tes .  Close liason must be  
mainta ined between t h e  geologist and geophysicist in order t o  
control  excesses  which inevitably develop where  one  or t h e  
o ther  adopts  too prejudiced and/or dominant a role. There  is 
no doubt in our  minds t h a t  detailed,  carefully in terpre ted  
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aeromagnet ic  d a t a  over potentially mineralized a reas  st i l l  
provide t h e  most reliable guide t o  significant targets.  
Thereaf ter ,  carefully-planned exploration programs utilizing 
a variety of techniques to suit  particular situations, can be 
adopted with a good expecta t ion of success. 
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