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agsemblage of quartsz wackes. Mineralogical study of the Footwall
mineralization swows that stibnite and mercury are intimately
related and predate the Au-As mineralization. The strong affinity
between Sb and Hyg suggests fumarolic or hot spring-type of
wineralization related to.nearhy voleanism. It is proposed that
the antimony minheralization is related to a syngenetic, and
probably endogencus, hydrothermal activity synchronous to the
deposition of the Last ﬂope Formation, while the Contact minera-
lization is related to a younger, structurally controlled Au-As
hearing hydrothernal activity superimposed on the antimony
mineralization. The development of & major thrusting evenﬁ,
related to the first stage of Leotonic deformation, played a
critical role in the mobilisation and the subsequent canalization

of the au-Ag rich hydrothermal fluid.



The Signal Hill Au-As~-Sb deposits lie in the uppermost forma-
tions of the Archaean Tati schist belt, located in northeast
Botswana. |

The surface exposures of these potentially economic deposits
are confined to three main zoneg: “AY Zrne, "B Zoné and the "FH
Zone. Tha "A" Zone and "B" Zone are found within the sedimentary
assemblage of the Last Hope Formation, while thes "F" Zone lies
within the underlying volcanic Penhalonga Formation.

The lLast Hope Formation sediments are characteriétic of an
alluvial fan which debouched rapidly inteo a water body. These
sediments were deposited synchronously with volsanic activity
following an uplift of the underlying formationa at the end of the
Penhalonga era.

At least four stages of tectonic deformation affected the
Signal Hill area. The first stage was the combination of large
scale folding and thrusting. The second stage is the development
of a regional schistosity. The third and fourth deformational
evants croeated nermal and reverse faults follewed by the
devaelopnent of a crenulation cloavage,

At the "A" Zone, two distinet zones of Au-As-8h mineralizatlon
have been identified; the Contact mineralization and the Footwall
mineralization. The Cantact mineralization eceurs in a shearaed
contact between a diamictite asgemblage and underlying quartz wacke
faucles, The Footwall mincralization is heosted within lenses of
gheared, silicifiod and soricitized rocke, associated with boudi-

naged Yehoert" and/or quarts veins within the silicified rootwall
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1.2 CGEOGRAPHIC SETTING OF THE ETUDY AREA

1.2.1 Location

The signal Hill Au~Ag=Sh dopusite oceur in an arca gituated at
the southenst end of the Tati schist belt in northeastern Botswana
(Fig. 1.2), and fall within the latitudes 21°¢ 00' and 23" 25' south
and longitudce 27° 35% to 27° 60! oast,

Falconbridge Explorations Botowana, in Jjoint vanture'with
Mosotge Investments, hold two exploration licences whach togethor
cover 35 K, called the Signél Hill block (Pifg. 1.2). 7The Signal
Hill AUQAS“$b.depdSitS are lecated in the southoanst corner of thig

“block.

The area lies at an altitude of approximately 9450m akove s6a
leval and is located between two major castward Llowing ephomeral
rivers, namely the Tatl and the Ramokwogbana rivers. The area io
covaxed by low mopane trees and thmrﬁ cgerrul excopt along the pivers
whore largor treas miay be feund., The area is mainly used for
cattle ranching in the frechold arcas and for cattle, goate and

subsistence farming in the tribal lands,
1:2.2 hcoenp
The sighal il Au-An-th depositae are loeatoed gone 43 Km

aoutheinnt of  fraeeintows, the second (arqest town in Botuswand.

Avweris to the otudy arcea 0 via an "all-woathor® gravel  road
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and theraefore no model for the origin of the Signal H1ll Au-As-Sbh

daposits has proviously been produced.

The main aims of this study are: _

A) Lo eﬁtablish the logal stratigraphy and the sedimentary
environment of the Signal Hill area.

' B) to establish the nature, distribution and the relative timing
of ﬁhe Signal Hill Au-As-Sb mineralization.

d) to eatabiish tha role of strvotural procasses on the
losation of the ore,
A sedinontological, mineralogical, geochemigal and structural

study of the Signal Hill Au-As~8b deposits will provide the

framawork for establiching a model for the genasio of thesoe esomplex

daposits.

=2



CHAPTER ONE
INTRODUCTLON

i.1 General Statement

The Archaean Tatil schist belt is situated in the a~riheasgt of
the Republic of Botewana, and forms part of the Zimiabwe araton
(Fig. 1;1]. This study is of the Signal Hil)l Au~As-8b deposlts
which lie in the southcastern portiun of the Archacan Tatl schist
balt,

| The Tati schist belt consists of various Archacan moba-
voleanic and subordinato motascdimentary rocks of low metamerphic
grada. The belt covers approximately 570 xm?, and censtitutos the
main source of gold in Betuwana, In 1867, the geologistwexplarer
Carl Mauch diseoverod the Monarch. recfs in the vielnity of
Francistown. A short gold rush follewed the disvevery, but soen
the activitios dwindlied and finally otopped In 1i64, Evon after
130 years of geold and other ccmm@dity.prcductimn, the origin of the
gold minorallgation and the ovarall geology of the Tati schist belt
remain.paorly underastoocd.

- B¥ploration werk carricd out by Paleenbrldge in the 8ignal
11l area has outlined several Au-Ap=fb mineralized zones within
the uppermest tormatiens of the Pati cehist belt: tho Last Hope
Fermation and the underlying Poenhalonga FPermation. Three of thege:
zonos called "AY Zonc, "B" Zond and the YFY Zono have good economic

potential for both oxide and sulphide oroe. No detailed geology
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amounts of badalt, banded ironstone and !imestone, - The Formation
ig generilly not extrnsively doveloped, ad mainly crops out in the
sovtheastorn part of the sehint helt (Fig., 102, Appundices VII and
VvITL). Althouqh Molynoux (1971) deseribed ultramatic rovks west of
the Matsileje Hill, the 01d Tati Formation is apparently absent in

the eastern part of the belt (near the village of Matsiloje).

The Lady Mary Formation is composed oif interdigitating mafic

and 1esaer_amaunts of ultramafic va;canic units, together with
minox ihterbedded méta-sedimentary rocks including banded iron=-
gtone, limestone and quartz2 schists. The proportion of mafic units
inercasoe towards the upper contact, The formatlon occurs along
the sou*' wn margins of the sehist belt, from Francistown in the
northwest L. the southeastern extremitiecs of the schist belt, and
also in the eastern part of the schist belt (Flg. 1.2, Appendices
VII and VIIL). ' '

Along the seuvhern marging of the suvhiot belt, all units dip
stoeply toward the southwest and to the south. Several losalitico
phow well-proserved mafic pillowed lava and pillow hrecoia unita.
The structural interpretation of the pillowed units show younging
directionn toward: the north, whiceh indicates that at these loga=
litien, the sequens o overturned (Fig. 208 The contact hotweon
hoady Mary Formaticn and the old Pat i Formation i elearly marked by
o strwetuarial diceordanee whied ha been Jdont it ded in the $i0)d and

unt the landoat hwoge b thee Tatd sehist et (Vig. 1.3,



0ld Tati Formation., The eastern part «: the Foruation was folded
and trunc&ted by a graniteid intruﬁion wliit:h could be paft of the
New Zealand batholith (Fig. 1.2, Appendices VII and VIII). The
Lower Old Tati Formation comprismes felsic lapilli tuffs and chert
units which overlie an assemblage of mafic volcanic and |
voleanogenic unita. Thia formation has not been previously
recognized. According to Dr 1,F. Wilson (Pers. comm., Tati work-
shop, 1991), the felsic lapilli tuffs and chert units are
comparabla to the upper mémbers of the Lower Bulawayo sequence in
- Zimbabwe. The lower Bulawayo sequence contains an extensiva
davelopment of iron Tformations interbedded with basaltle and
komatiitlic flbws.(koster at al 198G (a)).

2.2.,3 014 Tati Formation and nady Mary Formatian

The 0ld Tatl Formation was first dogcribed by Mason (1870) but
w4 net recognized by later workers. Both Molyneux (1971) and Koy
(1976), included the 0ld Tati rormation as a part of tho Lady Mary
Formation. Howover, beecause of the absence of common lithostra-
tigraphie markers in both formacions, and.tha gtructural nature of
the contact bobwoen those formations, the writer mupﬁmrta Masen'e

conglugleon that thesc asscemblages reprecent distinat formations,

The 0ld Pati Formation is vomposed of a repetitive scguaence of
nerpentinized ultramafiv rocks, which range in cemposition from

dunite through to komatiite and are intercalated with variouc

15



700 and 85° to the south, couthwoest ainl southesoutlioast,
A similar min ol Lineation, which alse plupges towards the
south, ia present in the iromstons mesbor in the southeastern part

of the cchist belt (Fig., 2.1).

Fiqurm_ﬂ.i: teemitone wenbor which dominates the Matsileje
Formation, Bovong integpnal detopmation with prominent lineations
plunging toward Che coatl,

2.2.2  Lowor 14 Lt Moewmnsios

Thic roruwation oyope onb cnoehntively in the soutaodsiaen
ot don oF the sehaad Dbl where Pithalogdeond nuita Jdip starryp ]y
ek tdedss Vhues connb b cane D o B ire cson T e L rtH e vl tges s b AYI e
P Bopvun o0 Moront ™ becbwnenn dbpe Rt bo b Vo mot oy aged Vi cehepd viing
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2,2.1 Matsiloje Formation

Members of the Matsiloije Furmutiuﬁ appeals  in two  geparate
localities, first in the castern part ot the bhelt near the
Matsileje village, and sccondly in the southeaster,, part of the
balt, immediately north of the Tati river (Fig. 1.2, Appendices VII
and VIII}. This Formation was first recognized by Mason (1970).
He described it as a succession of chloritie and sillicesus schists
and phyllitcs.wlfh thin interbodded limestones. These rocks are
consideraed to represent sheared tuffs and related pyroclastic rocks
(Magen 1970), | The rock succession is dominated by a thick
irenstone momber, which varies from less than 3 meters to a maximum
of approximately 60 meters. The irons-.one formation is composed of
altornating thin beds of phyllite and strongly magnetie, black to
pale grey chort units (Fig, &.1).

In the cagtorn part of the Tati schiot belt, In the vicinity
of tho Matalloje villags (Fig., 1.2), the Formation dipa steecply
towards the west into the main bady ot the schist belt. In the
goutheastern part of the Tatil oachiot bolt, the Formatiun'dipm
cteoply towards the gouth (Appendicoes VIT amd VI11).

Magen (1970), olwerved ripple laminations within irenstono
nembers locatod in the sastern part ot the bolt near Matsileje
villiagn, He eomchualed that the saeoncoion at that Joeality iu
rijht way=up,

According vto Maon (I970), the ironstono in the vastern part

wt the pehint Je Tt shows o 1aant mim ol lineation plamging botwoeen

]



2.2 Lithestratigraphy

Table 2,1 dtravigraphy of The Tat i sehint belt arter Mason
(1970}, Molyneus (19713, Koy (1970) and thia study.

STRATIGRAPH" OF TATI SCHIST BELT

_ _ o MOLYNEUX. | o
MASQN (1970) (1971) KEY (1976) | THIS STUDY
SELKIRK i . SELKINK
; | ' | LAST HOPE
LAST HOPE | PENHALONGA
e _ F’ENHALONGA e s s £
PENHALONGA 3 PENMALONGA
LADY MARY LADY MARY
e = . . EY ) OLD TAT’
OLD TATL | LADY MARY | LADY MARY =
i mad _ \ LOWER OLD TATS
MATSILOJE } |  MATSILOJE

The stratvigraphy of the helt can be divided into o tormations,
from top to botton,
Taps Lot Hopor Tormat jon
Prabulenea Formation
Lady Mary Format jog
Old ‘Tat i Format fon
laseor bl Tt 1 Farmeat {on

Tt t s Matollope Format fon



CRAPTER TWO
GEQOLOGY OF THE TATI BCHIST BELT

2.1 daneral Statement

The Tati schist balt was'first deseribad by Mason (1970) as a
vtypical example of an Archacan grecnstone balt which consists of
a complex synformal enclave of motavelcanics and metagedimentary
schists surrounded and intruded by a meguence of'diapiric tonalite-
granodiorite plutens", _

The stratigraphic subdivisions of the Tati schist balt differ
considarably between pra_vioms workers and rosearchors (Table 2.1). |
In 1970, Mason produced the first geological map of the whola.Tati
schist belt, which subsequently was modified by T.G. Molyneux in
1871 and R.M. Koy in 1976. Key's map of the Tatl schist belt was
subseguently  accopted and published by the Botswana Geological
Survey, (Key, 1976). Despite the work done by these previoud
authorz, the lithostratigraphy and the structural daformation
affecting the Tati schist belt has largely been uncxplained. In
this chaptor, several modificatiens to Mason's and Koyls
intorpretatiens are proposed iIn order to bhetter explain thoe
stratigraphy and the deformation affecting the 8ignal Hill area.
These modifications are based en the author's rescarch together
with an interpretation of the Landsat image of the Tati gehist
bolt.

13
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A tumber ol surface lithastratigraphic cross<soctions have
been mapped in detail over outeropping arocas.  Over arcas with no
surface exposure, mapping was performed using trenches, The
oﬁtcrnp data recorded include: structure, thickness, ¢olour, grain=-
size, textural charasteristies, and bedding features. A modified
geological map of the Tati schist bolt at a scale of 1:145 000 and
compilation maps at sealos of 1:20 000 and 1:2500 of the area
overlying the ore deposits, have been produced and are prosented in

Appendlces VII, VIII and IX.

An understanding of the geological setting, the mineralegical
characteristica of the Signal Hill deposits and the structural

controls, will assist in producing a model whiah in turn would lead

“to furtdher predictions of oaro ocourronces, both in and outaside the

Signal Hill arca.

N}



location of all the Rnown gold nines and showings in the Tatl

schist buolt,
1.4 RESEARCH OUTLINE

The'currdnt rescarch was aimed at exumining the nature and
genesis of the 8ignal Hill Au-As-8h mincralization, with a view to
botter undératandinq the local stratigraphic, structural and
1ithological controls affecting the locatien of the ore.

This entalled carceful field, and eorc cramination of structure
and lithostratigraphy and an invéstigation of deposlitional envi~
 ronments. | o o

The first phas. of the study was davoted primarily to a field
and eore examination, during which samples were collected,

From the YAY Zone, "BY Zone and MF" zones, core from 235
borgholes are available, Theoe borcheles have been re-logged with
a greater omphasio en the lithostratigraphic dooeriptions and
sulphide mineralization.

A tetal of 95 thin poctliens and 6% samples for whele rock
majoer and tracce clementy analysic wore celected from different
lithologieg., The petrographic and geochemical studies on those
sanples woere made to agseas their origing and to intorpret the
gedimentary onvirenmonts. A tutal of 42 pelished sections on
galocted representative o samples wiro used o identify the oro
gongtitucnts and the paragenoetie sequence,. Goochomieal results and

spoeuitic gqravity Jetornind ion are prosonted in Appendicoes 1 to VI,

i



location of all the khown gold mines and showings in the Tati

schist belt,
1.4 RESBBARCH OUTLINE

The current rescarch was aimed at examining the nature and
genesia of the Signal Hill Au-As~8b mineralization, with a view to
batter understanding the local stratigraphic, structural and
lithological controls affeeting the location of the ora.

This entailed careful field, and corc examination of structure
and lithostratigraphy and an invastigation of depositional onvi-
ronments. '

The first phase of the study was devoted primarily to a f£leld
and core axaminntion, during which samples were c¢eollectad.

From the “AY done, MBY Zono and W“FY 20nes, core from 3§
boreholes are available. Theoc boreholes have heen re-logged with
a greater emphacis on the lithostratigraphlic dogeoriptions and
gulphide minaraliantion..

A total of 956 thin sections and 68 oamples for whole roek
major and trace clomonts analysis were selected {rom difforont
lithologies. The petrographic and geochemieal studics on these
gamples wore made te awgess thedr eriging and to interprot the
gedimentary envirenmments. A total of 42 pelished sections on
solected reproventative ore samples wore used teo identify the ore
gonstituents and the paragenotic gsequence. Geochemical results and

spoeifie gravity a.h.»."c.c.ermin-t_t' fon oare presentad in Appendioes I Lo VI,
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000 g (200,000 oz) Au from Tati reefs.
| In 1867, the geologist~explorer Carl Mauch visited the area of
present~day Francistown. He digcovered the Monarch reefs which had
previcusly been exploited in several open slots by ancienﬁs. The
mine resumed productien in 1869 and hence is the oldest European=
worked gold mine in Southern Africa. A minor gold rush follaowed,
hut by the period 1900-1910, the richest parts of the Tati veefs
had been exploited and the miners moved on to more lucrative
pfospects in Rhodesia (now Zimbabwe).

A second period of production in the Tati geldfield occurred
during the period 1933 to 1947, since then, activity dwindled and
£inally stopped in 1964,

puring the period 1933-19%5, Tati ouktput was 6 2865 111l ¢
(201,428 oz) Au and 610 340 g (19,623 oz.) Ay from 244,700 tonnes
of ore. The.biggest.producer wag the Monarch mine which yielded
3 387 330 o Au between 19.1 and 1249 (Molyneux 1971).

S8ince 1969, expioration work for gold and other commeodities
wera performed by s&everal exploration and wmining companies.
Faleonbridge has beon involved in explaratior. in the Tati schist
belt since 1976. Exploration work by Phelps Dodgé and Faloon-
bridge led to a mining operation a% sntas - 1d mine (Fig. 1.3),
but unfertunately the mine elosed again in 19v.. Several other
companies have attempted to exploit the smaller reefs, Morex
RBotswana brought the Rainbow mine hack into production in 1988; but
was forced to shut down in 1989 and Mineral Holding (Pty) Ltd has

bean mining at Benanza recf since 1982. Filgure 1.3 spows the



connecting Prancistown and the wvill ge of Matsiloje on the
Botswana-Zinbabwe border. Bush and larm tracks pregently connect

this road to the Signal Hill Au-As=-usb deposits,
1.3 HISTORY AND MINING

"A mining émpire existed in Mashonaland probably from about
600 A.D. to:relativaly recent times., This empire yeached its peak
in the sixteenth century when the Zimbabwe edifices probably were
puilt. Prospecting methods employed by the ancients' were likely
to have been the panning of stream gravels and. sampling of
anthillg, The reefs were hroken by fire~setting and as ventilation
nethods were poor, mining rarely was undertaken at a depth of more
than 20m.M (Sﬁmmer 1969) .

'Andient prospecting in the Tatl goldfield was thorough and as
far as is known, only hhe Rainbow Mine was actually discovered hy
Europeans (Fig. 1.3). Summer (1969), lists ftitfty-thres ancient
nines in the Pati district and three in the Vukwe district (Lo Km
nerth of Francistown). All the ancient mines were open stopes with
tﬁe Blue Jacket mine heing the decpest, reachino a depth of some
28m (Pig. 1.3).

Summor (3969), vonceludomd that exploitation by ancients of the
zone of surface enrichment of rooefs in the Tati region was more or
Tons gonplete.  The ancients are 1ikely to have obtained some 6 000

VoAncients t Presonropein explorors and miners airea 1100 .
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interusion has  little relationdhiip to the volmnnn~5udimentary piloe
of the gchist belt. They are repreuented by nassive, sometir

porphyritic, adameliites and granvdiorites which in oome cases
appear to intrude the main tenalitic and granodioritie batheliths,
and in other instances appear to grade transitionally inte tham.

(Fig. 1.2, Appendix VII}. Only one scparate body of granodiorite/

adamallite has been mapped by Mason. This body ioc located north of

the schist belt within the Northorn datholith {Fig. 1.2, Appundi2
VII}. 1ts contacts with the surrounding Northern batholith are
gradational over a distance of about holf a kilometre.' Thae texture
devaloped in these rocks are typicall? graniteid and the mineral
assomblages conslot of sodic plagloelase, ortheclase, mierocline,
gquartz, biotite and epidote (Mason (1970)),

The thifd type consiptoof o series eof pmall, discrete and
elreular tenalitiv plutens which according to Mason (1970) and Key
{(1976), represent tho youngest granitice intrusiens in the area,
Hill view and Tati River plutens are considered by Mason (1970) ao
part ef the third typn of . ranitoid intrusion (Fig. 1.2, Appondix
VII}. ‘These tonalites vonsint of elt-white, gronular, modium te
aearge=grained, hommpuenous rock.  The cnmymuiti@n i¢ about 206 -
quarts, 7o % olipiclase with minor nivroeline, biotite  and

epiduta

A& utromg planar toliation has develoepod aleng the marging of
the tonalitie and grageddoritic batholiths which gives ehem a

mmelusic appearance (Fig. 207y, the telistion s bighlightesd by tho

wH



doos not represent the top ur-thé voleanic pile of the Tati schist
balt. It is proposed that the feloie voleanie anits belong to the
right way-up membeors of the bPenhalonga Formatien (north domain),

while the intrusive members belong to the Northern batholith.

2-2.7 dranitoid rooks

Magon (1970) and Crockett (1967) mapped and deseribed all the
granitaid bathell' hs and plutohs whigh surrounded and intrudced the
fati schist belt. The following seetion i a summary of %helr
ehagervations and interpretations.

Three major types of dgranitic intrusions have been distin-
guished in the Tati arca by Mason (1570). The most common type of
granitoid intrusion iy ropresentod by a series of tonalitie and
granedioritic batholiths which fo:m lavrge areuate ombayments around
the ochist belt, Thoe Matoileje, New Zealand and Northern batho-
lithe are part of the moot common type of granitoid intrusien (Flg.
1.2).

The bitholiths are multicomponent bodies concliating mainly of
noedium ta coarse-grained rocvk of tehalitic composition, averaging
abkout 20% guarta, 700 aligeclane with minor microgling, biotite and
epidote. Apsvciated with thene are gabbroie masves and within the
"Northorn” batholith a fow largoe grocnatone relios wore recognizad
by Macon (1970) and Rey (1v70) (Apperdix Vi),

Avcording to Mason (10}, the second type of granitoeid

N



Penhalonga Formation has been identitied in the Signal Hill area
(Flg. 2,3}. petadled lithestratiyraphic investigations ef the Last
Hope seodiments in the Signal Hill area shows a right way=-up

sequonuee with o youbging direvtion towards the gouth (Chapter 1}.
2.2.6 Belkirk Formation

Macon (1970) and Koy (1976), descoribed the Bolkirk Furmatian
(Table 2.1) as a thick overturned succession ef davitie and rhyo-
litie lavas and dsauciatud pyroslastic fuuks, which eccurred at the
top of tho veloanic pile. BAecording to thom the Seilkirk Formation
erops out along the northern part of the gehist belt in contact
with the Nerthern batholith, oxtonding from Francistown to the
2imbabwean border. Molynoux (1971) censldared the Salkirk
Formation te be youngor than the other grosnstone formations of tha
Tati cehiot bolt, and compooed largely of an intrusive basie
conplex together with 1euse£ amounts ot dacitic lavas, Wosk done
by Thatchor {(1990) and Sicgiricd (1990) hag indicated that the

Selkirk Formation retorred to by Mauen (1970) and Key (1976), is
CQmpﬂued mainly ol intrusive rocks (granocdierite, tonalite, diorite
and gablro) In contact with intormediate and felolic mota-veleoanic
recks, thorotore supportimg MHolyreus {19%1;  obuervations. Thae
present gtudy han fwdicated that the intermsiiate and relaio motas
vuluaitic angenb g shiows o right way=up suceassion (Goe Penhalonga
Yormation, North domain) inotecd ot an everturned succescsion as

propoved by Macon (1ovap and Fey (1970) . Theretore, this cuaeesuion

uui



mapped the same arca hnd invludred the Last Hopn iithuldqivu'un i
cenfoeraable assienbiloge within the Penhalonga Pormation (Table 2.1).

The Litit Hope Formation concsiots of varioun metasedimentary
rocks which form a disegrete basin in the central part of the Tati
sehist hoelt (Maudn, 1974) (Fiq. 1.2). The bulk of the metasodie
mentary. rocke are of olastic, veleaniclastic or voleancgenic
orlgih. 1n the central, north and northwest areas of the baain,'
clastic.smdimentﬁ; shale, voluanie and volc&nmqenic units were
identified. 1In the southern coctor of the Last Hope Fermation, the
rock assemblage in mainly vomposed ot val&anicluﬂtic and voleana-
goenie units (Appendin VIIj.

Work earried out in tne  southeastern gide ot the buuin
{viginity of Signal Hill Au~Au-3b devwosits), has identified a
soeguenee of  wainly quarte wacke sodimente  intorbebbed with

dimmickite unite,

On thee wont nide of the basdin, the Last Hope Forpation and tho
Penhinlonmt Formation are separatod by fhe Long Gongan stracture
(Fige 2.1) . In the north, nortliaest and eant sides of the basin,
mempors of the Last Hopo Poroat job atrike and dip subs=parallel to
the underiying ohert and ivonstene units (onhalonga Pormation,
Tt amd North doasadins, s, ;?._i). 14 the north, novrthoant and
fant ot tlie bauin, ey (tvey ddont it ied a4 contormabile contoct
rvwown Vhe Ponhaboatgse Poraat daomn At the fenst Hope Parmat 1.

ire the rewmath cged sosptheet e ot The baetipg,  an ulweont aps

mabbe contacd botween the bast Hope Porpgat von ated thee under 1y iteg



4}  South domain

Within thiag domain ail lithalegics dip steeply toward the
gsouth and southeiaat. The rocks passesy a woll-dnvaléped schig~
tosity and a late cremilation wleavage. A well-devoloped stret~-
chinq‘lineqtian which plunges towards the pouth is froguently
ohserved. Ii the vicinity of Signal Hill area, the rack assemblago
averlies the Lady Mary Formation and términatcu ét the "Main Thrust
Front' gtracture (Flg. 2.3). The "Main Thrust Pront" is a
struerure of apprexiwately 15 ka longhh, which forms a large~scale
are. This structure separatos the otructural South domain from the
ﬁtrﬁctural Easf domiin, It in suggested that this.structura is
related te a major thruoting ovent (Chapter 4). Howaver, 1t is
not elear whether or not the leng gosoan structure (Southweost
domain) and the ¥ain Thragt Front structure represent the extensien
of the same otructure or if theoy are two indapendent otructurcs.
The Landoat iwage intorprotation awpgeosts that the lLong goooan
gtructure erensg-cuti the Main Thrust rfront otructure (Fleg, 2.39%,
This relationship ham not been contirmed by ficld evidence (the
vonvordging area of  thoate  structures being an area of  poor
gutarops) .

2.2.5 Last Hope Format.on

That Tast Hopee Frmat e wan tirst deneribed by Manon (1470).
Hee eotabitiohed dhat. the contact with the umderlying Pephalondga

Farmat jor wous marked by ane ubeontormity,  In vontrast, Rey (19760),



chert unita with tebiico aeta tutt unsta, vhe anit dips at wlo

CFlgure 2.0t Rowk takscemsion showing Light-groy and well-banded
chort units with felsic nota-tutt,. A baand ehort unit (1) shows
an arosive vontuact intitted with meta-tutt material (2).  Tho
felsie meta~turt auntaing the wellt~developed regional vehistoosity.

tutt unite. The right waysup is indicated by the presence of a

rounded clastice $ragment whivh ereated a pourly developed load

structure within the undorlying unit,
3} Yast domain

In the Banst dosadin the Penbutondgas Pormat jon Jdips towards the
woent oaml o ewerlives the vight wav-ope Tasly Mary Foraad ion, Chort
unita interbedded witho telaie aphanitie o 0t tothe Signal Hill
ironatone aloo indicate o bbb wav gy cangio s (Fiv, 206). This
Gefuetnee shews o petet P e tthenas b ol siglit ey, well=banded
teawarib s theee st bt A sdpt it b Ty etoaiead pl'inx‘ 1 hir

it fon o an cver 1y g tolsie et tuart,



Figure *.4: Parge metasvnfoanie blovk within an agglemerate
hoot, chowineg o right way-up gegquence. The blouk deformed the
undorlying sediment while bolng emplaced, the oserlying sediments

are not dotareeasl,

s,
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on Landgat image, from south of Francistown to the Sikukwe river

and then mouth te the Tati river (Fig. 2.3).
2) North domain

Units of the north domain Qip towards the gouthwest (near
Francistown), south and southeast (near Texan gold mine). The
- rocks possess a well~developed schistosity and a wellw-developed
late c¢renulation ¢leavage. A relatively well-developed stratching
‘lineation whieh plunges towards the south is also fragquently
sbgervad throughout the north deomaih. |

South of the Texan gold mine, chert and irongtone rrmbers
underlying the right way4up Last Hope Formation dip at 35-40°
towards the southeast (Appendix VII).

The prominent alumina-rich horizon, which forms part of the
Penhalonga Formation described earlier, belongs to this structural
domzin. . ~ding to Mason (19701; this horizon is a succession of
salie tiirs and agglomerates in which bedding, cross-bedding, soour
structures and pyroclastic "hombs" can be recognized. Figure 2.4,
shows a large meta-voleanie block within an agglomerate host, The
klock deformed the underlying scdiment while boing emplaced, the
overlying sodiments are not detormoed. This evidence indicates a
right way-up seguonce, Otheyr ovidences for ﬁhe right way-up
succosaslon of the north domain was given by Cain (12803,  “ound
right way-up otructurcs in telsic tuftu ceast of Penhalonga mine.

Figqure 2.%, shows the right way-up seqguence within these felsic

o
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distinet structural domains (Fig. 2.3);

1) - a southwest domaih which éccurs in the érea south of
Francistown to the &ikukwe river and then extends
southeast from the Sikukwe river to the New Zealand
batnolith.

2) a north domain which covers the area from Francistown to
the Texan gdld prospect., _

3)  an east domain which extends from the 8ignal Hill area to
‘the Texan gold prospect. |

4)  a south domain is located in the southernmost portlon of
the Tati echist belt. It extends from the intersection
of the Long Gossan structure with the Main Thrust Front

gtructure to the Signal Hill area (Filg. 2.3).
1) Southwest domain

Within this domain all lithoelogles dip steeply towardas the
southwest. The rocks possesa a well-doveloped schistosity and a
“late crenulation cleavage. A relatively well-deveroped stretching
lincation whieh plunges towards the south is frequently observed
throughout the domain. All membors are averturned and show
younging directions towards the north, the northern boundary is
defined by the "Long gossan" structure (Fig., 2.3). The "Long
gogssan’ atructure at surface ig a ferruginous silicoous and outaw
glonally sulphidic rock. No dotailed study has been done along

this structure, hewover, it can be traced in the field as wall as

14



2.2.4 Pepghalonga Formation

tporhaps the most varied and interesting formation in the
schist belt,'the Penhalonga Formation, consists of a series of
cale-schists (carbonated schist), ;imestones, quartz-schigts, chert
and meta~volcanic (andesitic) rocks" (Mason 1970}, Pyroclastic
rocks are commonly found interbedded with veleanie and sedimentary
units. A prominent alumina~rich schist horxizon containing kyanite,
chloritoid and pyrophyllite cccurs together with quartz-sericite
and chlorite schists. Thim horizon can be traced from near
Francistown in the northwest, to beyond the Texan gold showing in
the southeast over a strike distance of approximately 13 km (Fig.
2.3, Appandices VII and VIII}). The thickness of ﬁhix horizon
varies from iSm to up to 300m.

& sulphidic and occasionally siliceous ironstone formation
forms the lower contact between the Lady Mary Formation and the
Penhalenga Formation. Tha contact between the Penhalonga Formation
and the overlying Last Hope PFormation is delineated by another
najor chert and ironstone wmomber, namely the Signal Hill irenstone.
The composition of the ironstone ig dominated by siliceous non-~
magnetie chert ovciauionally interbedded with local massive bands of

magnetite.
St

Mombwerit ol this PFPormation ocan be sube-divides’ inte four

P&



Appondices VEEL amd ¥I1L). 1n the tield, this structural vontact is
indivated by o cone conpriaing highly sheared, tolded and deformed
ultramariv unitsa.,

~Howewver, within the old rati Formation, it is not clear if the
repetivive vedquenue ot ipteroalated altpamaf ic and basaltic units
is the pr‘udm.-t' af duplication by thousting or if the seguence

represonta the original lithostratigraphy.

Fiautae 2oy Horth sonmping dive ot jon indicated by 4 pillow in a
Loy -#Mary Pormat ients mat e anit. The et Jdipe ateeply towards
they ssoul b, Pl ceapoebnce i gvertarned,
In the wastern part ol the schist belt (Fig. 1.2), the Laly
Mary Formation ewveriios the Matoilofe Format fon and dipa nheeply
towards the west s AP this Joeatity, fhee tady Mary Pormat ion is

right. way-up.
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Hueceassive poriods of deformat ion as well o intense hydro-
thermal alteration has changod the origing aineralogy into a
gquarte-goericite schict, Yluaren 3.4 and 3.5, chow the growth of
metamorphic chloritoid and epidote crystals in quartzesericeite

materix,
¢Chert and iremstone

A detalled cropo-snetion mapped immediately south of the #pn

gone, schows that at least tvive distinet lithelogical units form
thio membor (Fig. 3.6). A light gqroy ehert (Fig. 3.9) ig overlain
by a dark-reddish forruagineun qOBEAN (Fig. 3.8). A beige goswan
(olightly mere siliceous than the reddich tforruginous gossan)
~overlies the roddish gosoan, A "hrovoeia"™ ceompaned of angular
{raoments of teleie material in a tine silicesus and torruginoun
miatrin (Fig., 401 evorlties the heige yoosson, At the top of the
pucaenion in g well hedded, sliglitly terraginous ehert, which ic
averlain in placen by ..un'at‘-ha'-r Tiaht sprey olert. With the exeeption
ol Thee Yight grey chort at vhe la.':w-, Al o theoe facdies o gonos
rally naot laterally oxtensive, but van beoused loeally an marker
horisana,

Fac Teenad Yight grey schert Lo Toeab by interiaeldeed with thin
membors of apbanit be, Iedbnbe petatuty (Fig, v,ed. CFhe portion g
1nu1dwuuuuluuuhfuithin11&:;uni{-huwwuuvu:dunjdyﬁfﬁwdnh:l}u'tup
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Piquro 3,41 Parphyroblast ot opidote beding replaced by iron
oxide, HIDeand, tun, oo X,

Figure d.hs Porpliviobloast o1 chitoritadd jn aopuartdenericite
Mt iz, PP, 1o, oy,



Figure 4.3 Very  fimeegrained  varbonated quorteosericite
&}L‘hiﬁt, HPDeti d, ninn )

Figure 4.4 Fesleibes met s bapei i it with ke ongntelend
ironstotee,  cpeat gkt ovodeante claclse i a4 tine,  sheared,
bt vad ot o teridoe amat i, DEEY o0ob, e,
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forms part of the right way-up sueccession. U consasts of a basal
meta-veleanic unit, followed by a sueeession of guartze-sericite
schists intorbodded with felsic meta=lapllii tufis and ovaerlain by

the Signal Hill chert and iropstone (Pig. 3.4).

Menpvolcanic unit

A dark green, aphanitie, Intermediate to mafie volcanic unit
haa been observed only in borchole SPD=NG3 (Fig., 3.1, Appendix I¥),
The original mineral assemblage has been completely metamorphosed

to a chloritoid - chlorite i varbonate schist.
Quarz-sericie seliise

This ascemblage han L intensely altered and deformed by
povoral deformation nvc\.nfn. Thowe rock. are highly sheared, sili-
gifind, sericitized and, to variable degeees, dolemitizod (Fig.
3.2). Within thig quarte-nericite sehist agaenblage, several sub-
units show econcentrations ot roumled fragments of quarts and
irongstonse, as well an sube=gaeular o ampalal fragments o gar-
bonated quarts-serivite sehict of  the game - componition as  the
matris, (Fig. 1,8}, It jn vropessed that these sub=units are telsie
actua=lapil li tw s interbodadbnd within e quart 2enerioite osohiotes,
The "F% Pone miperatiacation 3o iptimately ennseiated with one o

thoesus Todate carbeoanated weta-apithi tntt cnbeunits (Fig, 1.1).



3.2 Penhalonga Fermation

_ According to Mason (1970), Key (1976) and the exploration work
done by Falconbridge geologists south ef the Signal Hill block
(Fig. 1.2), the Penhalonga Formation is overturned with a younging
direction towards the north. 1In the east and northeast of the
Signal Hill blook, the Penhalonga Formation shows a right way-up
succession. ' |

Due to the lack of outerops, tha overturned sequance of thé
Penhalonga Formation is cxposed only in dix small tronches (LAR-0)L
o 06, LAR=03 as Indicated in Appendix VIII), whereas in the viei-
nity of the "F* Zone, numerous trenches and 3 core boreholes show
a right way-up sequenca of the upper members of the Penhalonga

Formation {Appendix IX).
3.2,1 nhower members of the Penhalonga overturned seagquence

The lower menbors of the Ponhalonga Formation, ¢onstitute a
sequence of intermediate metu-velcanie units intorcalated with wall
baddod aphanitic voluanedgenic units, shale and a prominent carbo-

nated ironatone,
3.2.2 Upper Peonhalonga Formation

The upprermost oo o Lhe Penbalonga Formatdun, o oxposoed

only in th vicinity ot the "M% Zone (Appeaedices VUL and TX1), and

44



CHAPTER THREE

GEDLOGIan BETTING OF THE SIGNAL HILL ARER
3.1 denaral Statement

Despite work done by Masen (1970) and Key (3976), very iittle
work has been caxric? out_prdviously on the sedimentary aaspect of
the Signal Hill arei. '

The Last Hope PFormation underlics approximately 805 of the
Signal Hill bléck, wiile the Penhalonga Formotion iu-pfaéant only
in tho aautheast, cast and northeast ol the bleck (Fig. 1.2).

Intorprotation or tho sedimentary aspect of the Last Hopo
Formatlion was done by cxamining vertical and lateral sedimentary
suceesslons from coveral burchelon, sutueraps and trench expesurocs.
- The interpretation o1 the valeanis rocke ol the Punhalonga
Formatlen wi dore  using hboreltoles  and  trench .uxpauuruu.
Cluﬂﬁifimdtiﬁn.uitWUFLdni Hospnes Foppation gedimentasy rocks and  the
Penhalonga Forastion conseituents was ;muviounly_jn'.x utate  of
digarriay. The puarpose of thin chaptor v tirstly, to provide a
clasgificeation tor vheoo rooks, and socesdly, o us.e vertieol and
-1uteral angociations of sodiment aovemblages to Jdoflne ] ichofacion

and pensible changes e the deposivional enviroment through time,



Figure ».10: Shoared granodiorite rogk losated at the margin of
the Hill View pluton, sce Appendix VIT.

2,3 Goochronology

No dotail geochrepolwgical werk has been done on tho Tati
schist belt, However, bDr J. Wilson, trom tho Department of
toology, University ol Ziababwe, an g guest spedker at the Tati
&orkﬁhﬁp (Marah 190} ddentiticd nuvntal_uimilaritios botweon the
0ld Tati Formatica and Uppor Bulawayan soricsn in Zinbabwe, which io

dated bhetweon 2,7 to 3,8 a4 years,



Figure 2.9 Indetormed tonalitic~granesdioritic rock. Nurthern
batholith at Tekwane gold mine (Vig. 1.3, Appendix VI
possible that the intrusieon of those bathoiitha wwd the Hil) View
tenalite wore wm.t':-imn_n-a.-um:m atdd that their tinal consolidation
proedaton the devedopment o the regional toliation (8.
Avvarding to Mason (1w7ey, the ovoelation of the Ptabi aohist
belt s thawghit to have beon largely controlied Ly vertical toge
tonic forees telated to the intrasion of tenalitic and grang-
diorivice bathotivths amd the sympathet e ecodlapse af the veloano-
aedimehtuary tormat ioms., However, Lithoreland (1v/a), fuentified
toectonic Vabries whiivh prodate Meaasts tirct phase of delorgation
(Chaptoer 4. o the Jimbabwe eraton, which suggested that Large
nappestype atrwdarcs have beon tocmed during an carly epinodo,
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alignment of guartz and feldspar crystals in poorly developed thin
bands (1 to 2 mm thick) together with the development of sub-
parallel cleavages (Key 1%76). The writer observed that the
-follation at the contagt between the New Zealand batholith and the
0ld Tati Formation iz parallel to thae contacts of the intrusiohs,
and similar in strike and plungaé with the reglonal schistosity
observed over Signal Hill's "AY and "“F" Zonas (Filg. 2.8 A and B). -

Mineral stretching lineations, defined by elongated gquarts
and feldspar graina.are doevaloped on.the foliation surfaces and
plunge at approximately 50° to the south (Fig. 2;8 A). In.thg
centre of these tonalitic plutons, the foliation is weaker and
ffaquently abeent., Sclkirk mine and Tekwane gold mine (Fig. 1.3}
are good localities whare exposurcs of mostly undeformed tonalite
gan be seen (Fig. 2.9),

The Hill view tonalite has identical composition and struce
tural deformation as the New 2ealand bhathelith o the tonalitic
Facies of thae Northern bathelith at Tekwane gold mine. Key (19 '6)
mentioned that the Hill View tonalite was a "homogeneous rock with
nw tectonic or vompesitional tobrie" and therefore ropresents a
much youngey event than the othor tonalitic intrusions. Figure
2,10 demonstrates that like the Northern and New Zealand batholiths
the Hill view tonalite is alse afrocted by planar fOliation.at tha
marging, while in the contre the foliation is weaker and freguently
absent,  Therefere, it i not olear whether s Hill Viewtonalite
reprogents a younger intrusion than the New Yealand or the Nerthern

batholiths, ao proposed by Mason (1u70) and Rey {1976), It L
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Figure 3.7: Highly detormed graniteold rock loeated at the
gontact between the Hew Soalamd batholith and the Matsileje
Formation (Appondix vVI1).
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MAIME AL LINEATION |
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Firqure 2,81 A= Wervoplot chawing pales of the taliation and a
minecead it fon ot thee wargin of the New Sealand batholith,
B Siteicaplot of pobed o) the meaional schistosity obocrved ovor
the MAM amd MEY Dortes (Apperidienss Vib!oand IR},
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Northotrn paukige

This packagqe: 18 expoied i1 teonchos painly in the vicinity of
Cthe "CY Yone.  Harroew intoersoections ¢t the NHorthern paukagw wore
encountersd in two core horcholes drilled from the “A® %one. This
package was not studied in detail. Hevertheless, surface napping
shews interbedded ciamictite with numerous thin layers ot quarﬁz
wacke., The major churaaturiutiu of the Northérn”packagu is the
broad transition from diamictite with a fine quartz=-goricite matrix
to diamlctite with a quartz wacke matrix. The "¢" Zone minerali-

zation appoars to be locatod within this trangsition 20ne.
Fat Bny packagoe

Within the Fat Boy package, host ot the A" Zone minorali-
zation, numcroun individunl diamictite Jayers have beon obsarved
{up to 10 individual layors in HID=083 gure horsholu intorsection).
The thicknnos o theae ingdividual layers vary from less than 2
meter up to 1o medorse. Thote Jdiamivtite layers have varying
amounte of olants ranging {ren lesa Yhow Booap to unth, Thoy are
matrix supperted and uncortoad,

wWe specitico Iayers show dictinetive oharacterigtivce, At the
bane 1 the package o blocky setastut ! andt i overtain by a pink
diamivyive, The blocky neta=tuls unit concints ol a shearsd, fine
qraited,  oaartdEcerieite matria fabweenee o dberritad et

Pronpmentb oy with teras than o ot caberronaedesd P reieeenit s o jreistongue



vein tragmaents and granitold fracpments: whhn precent, o et exoeend
5% and 1$'rﬂspuvtivul?; The diamicetiten are o aatein supportod and
ghow na oign of revorhing atter dopositicn (Fig 3.18).

. Thren major segquences or diamicetite {acies have been identi-
fied, namely the Northarn, the Pat Bov and tﬂn NET Aunie pagkiagng,
Soveral individual lewoos o diomictite are also vhaerved within
the gquarts wacke Lacies (Fig. 3.10), Fachk o the throg packagos
conusists of alternating diamivtite layers with thin, pebbly, venry
wargt grainmt, wpaorted, aud imaature gquarts wacked.  With the
axcoption of o broad upward findmg sequence within each package,

tho individual diamictite layers lark any codimontary structures,
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Pigure 3.17: Vertical section of trough coross-beds showling
goneave and tangential fersets,. These trough oroga=beds indicate
a right way-up sequeonce with younging towards the southwest.

Digmictite facies

The diamivtite tacies conchsbs of voleanic material, banded
jromutone chert, quartz and qranitoid tragwents, within a matrix of
fine to coardve grained quartse wacke nizesd to various deqgrens with
{ine gquarty-serivite mﬁtnrinl. Volvanio elants represent the most
abundant fragment, avorating ool to 0ot of the celast pepulatioen.
The chert and froamtone clasts represgent locally up to 400 of the
clasts preassnt, but average approsimately 159, whereas the quarss

ha



Pigura 3,34z Pheto showing parallel laminations within the groy
purple gquarts wacke, west of fault rous.

Farpiree 5, fee Chioday chpvstiey ERee Ve oan o Looben oy v daes vt
AL S L P R T O N B O R RN TR N ST PR SN DERS FYRT I PRy LR E Ly .
il o oplod o ol S o e o ey S s ey et o toneg i
R I R Lt RN ES B A IR S ST B B R



sorves as a good marker horizon,

Tragh crossbedded quarts wacke fucies

At the southwostern end of the WAl ZOna}'a facies of beige,
oceasionally slightly silicifigd,_trough tross-bedded quarts wacke
overlies the planar laminated guartz wacke (Fig. 9,11, Appendix
IX). Compositionally the rock is similar to that of the planar
laminatad ¢uartz wacke. The sediment is cnarsa_grained, poorly
sorted and texturally immature. Individual beds vary from 3 om €o
20 om in thigkness, Each hcd.is composed of a multitude of fine
laminations which form either tangential or concave forsets (Yigs.
3.16 and 3.17). Crosswbéds observed in this fascies, show that the
rock assemblage is the right way-up (Fig. 3.17). The transition
from planax  laminaton quartz wacke to trough cross-bedded quartz
wagke, although sherp in & few localities, ls genarally ograda-

tienal.

Three~dimongicnal exposures of trough cross~beds in two
specific logalitios (Apperdix IX) weorc used to collect reliable
palaeccurrent measurements. Regults indicate that in both locaw
lities the palacocurrent pattern is unimedal. In the locality A,
the average current direction is plunging 50¢ towardas 190°
(Appendix IX), In the lecality B, the average current dircetion is

plungim‘; 35° trowards 2207 (Appendix 1X).
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Figure 2,14: Vory rare sircon within o gquaritz wacke, SD=-077,
Gdm, 200 X.

Plasar laminared quiait: wacke fucies

Wogt ot the faaldy roud, a planar Jaminatoed groy €o purple
guartz wacke underlics thin lenses of diaaictite helomwging to the
"Fat Boy" packano {(Fig. 3,10 and 3.14). 0 Like the gquarts wacke
facios dosoerilual above, thia fwedon {o coupased of sub=rounded to
angular doteital oprusts gradns in oo gnartoesericite matrix.  The
rock o watiris oupported, poarly copled and textarally ismaturao.,
thrain sise o the debvitat draction varies Qrom 0, ©o 3, 0w,
Phivs Facden Faorssmies o Phbobness towardit Cheowrondy, fram Doss than
ane aeled (Taweedbaboty oot or St Foosy Lo oo chan & moetors
(urestberal end o0 Y U GoneY . el nbagene Donbnatesd ofigoeis Wil
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Pigure 3.123:¢ Photonicrograph of quarts wacke showing angular
guarts Lragmengs in a quartz-sericite matrix,. - Thoe rask iu
matrix supported, SPH-081, 9%4m, 100 X, X nic.
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ﬁents are relatively éasiiy trangported in debris flows beacause
they are supported in part by high buoyaacy forces due to the high
density of the mud in which they are submerged. They also mention
that subaqueous rapid mass flows have never been directly observed
and ever the location and characteristics of modern examples are in
doukt,

A conglomerate is a coarse-draihed clastic sedimentary roeck,

deposited in a range of agquecus environments (Bates and Jackson

_1984); whereas an agglomerate is a volcanic hreccia formad by

disruption of a solidified crust or hardened plug of lava (Bates
and Jackson 1984}.

The.tarms debris flow, conglomerate and agglomerate, due to
thelr genetic connotation are not appropriate for daescriptive
purposas of these sadimentary facies. The term diamictit: will be
usad hereafter to classify these Tacieg., Diamictige is a compre-
hensive, rongenetic term proposed hy Flint et al (1960) for a non-
sorted or peoorly sorted, hnoncaleareous, terrigenous sedimentary
rock that contains a wide range of particle sizes, such as a rock

with sand and/er larger particles in a muddy matriz,
3.3.1 Lithostratigraphy of the Signal Hill area

Four lithological tacion have boen iddentitied over the $ignal
Hill arear guarts wacke, planar lamninated quartz wacka, Lrough
eroge-bodded gquarte wacke and diandetite Facleg.

A ueguendgn ol gtarts wackes  interbedded with several dia-



Figure 3.9: Chert and lronstone breccla showing fragments of
angular felsic voleanic material within fine grained, ferruginous
cherty matrix. For location see Figure 3.6.

3.3 Laslt Hope Formation

A sequance of quartz wackes interbedded with diamictites,
parallel lamin&tnd gquarts wackes and trough eregs-bodded guarts
wackes, characterizes the Lagt Hopoe Formatimm in the vicinity of
the Signal Hill Au-As-8h deposits. The torms "comnglomerate,
agglomarate and debris flow'" have been oxtensively used ag a
deseriptive classification for thesn diamictite facies in provious
Faloeniaridge inbevoal coporis, RBlatt et ol (1972), describe o
doebrisg flow an o Hll'ﬁ_h'.!:.'.‘l“i(.l.l dupeuit, poorly sorted amd bimedn) with
cobbles and boulders wbeddod in a finer matcise  beds deponited by
individunal Pleowrs ook intornal strobtiybeation. Thoe largev rfroage-

12



Figure 3.7 Basal chart facies of th chert.and ironstons
menber, Jdip towards the west., For location see Figure 3.6.

-
L ) .‘

Figure 3.8: Dark reddish gossan underlying the beige gossan.
Both fawdies are port of the chert and ironstone member. Thase
fagies dip towards the weat. For lovation see Figure 3.4,



CHAPTER FOUR
BTYRUCTURAL DEFORMATION AFFECTING THE SIGNAL HILL AREA

4.1 Genaral 8tatement

The purpose of this chapter ig to describe the succassive
structural events which affected the Signal Hill area and post-
dat.ed the deposition of the Last Hope Formatlon., A Xeview of
previous structural investigations is firet presented £.7lowed by
a datalled investigatios carried out in thae prasaht study.

Most geological units within the Signal Hill block are south
dipping. Bodding and cross~laminations in the Last Hope sediments
indicate a right way-up sequence vhich youngs towards the south and
southweat. South of the Signal Hill klock, the Penhalonga Forma-

tion is overturned and youngs towards the north, whilst in the cast

and nertheast of the Signal Hill block, the Penhalonga Formation is

right way=-up.

Bvidence of early phascs of deformation in the Signal Hill
area, have bheen eoutlined in glinpter 3. These aurly phases ALe va
lated inthe first instance to the detormation and alteration (quarte
stogckwork and pervaosivo earbonatization observed on voloanic glasts
of diamictite layern) which attectoed the area hafere the deposivion
of the Last Hope ondiments, and thercatter by dan ui;:lii"t: at the end
of the Pephalemga era which lod o t.iu:s deposition of the Last Hope

Farmatien.
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Distal alluvial fan interbedded with water-inid sediments

The first appearance of parallel and trough cross-bedded
gquartz wvackes (west of fault F098, Fig. 3.11), together with the '
thinning of the diamlctite 1ayers,.cuggeats'a distal alinvial fan
cuvironment interbedded with a braided channel enviromment. The
interpretation of the shapae of the frough cross-bed guartz wackes,
suggest that the palaeocurreht direction at these localities was
rowghly perpcndicﬁlar to the main axis, oriented sast-west of the
alluvial fan lobes. It iz alse suggested that the hydrodynamic
conditions h:d changed from higher velocity ocurrent and/oy
shallower water environment to a lower velosity current and/or
deeper water environment.

Block diagrams presented in the Figure 3,22, summarize the
proposed model of an uplift along a normal fault teo explain the
vonfiguration of the Last Hope Formation and the local unconformity

in the vicinity of the ®ignal Hill.

G



Reineck and Singh (1982), tavourable conditions Yor the depodition
and precorvation of alluvial fan dopoditn exist whoere several
alluvial fans are juxtapoced in a tectonically active area (oub-
siding baging).

The writer wsuggests that an uplift of the underlying
formations along a normal fault, occurred at the ond of the
Penhalonga exra. This uplift togother with synchronous voleanie
activity could have heen roopencible for the unconformity between
the Penhalnanga Formation and the lact Hope Formition, and for the
depoesition of altarn.*ing quartz wackes and diamictite paukages of
the Last Hope Formation,

Evidence for the normal fault can be oean in trenches STC-011
and 5TA-007 (Appendix IX), where in both trenches ¢ sub-vertical
contact soparates the quartz~seriecite schist agsonklage (Panhalhﬁga
Formation) trom the Nerthern and the Fat Boy diamiotite packages.
Furtherpore, In trench 8TA~007, the fault is characterized by o
zone of intense carbenatication and fermation of a thick layer of
calercte at purface at the inberiace hbetween the Last Hope
units  and  the Penhalenga quarts-cerieite schist,  Geological
mapping has aleo indiceted that an abrupt  transitien betweoen
quarts-soricite andienr and Tant Hops roeks oceeur along o plone
otrikingg 130° pageing through beth trenches STC-011 ang STA- 607,

The upliftt comoined with rapid bavin rubsidence could perhaps
explain  the  suggestod  freguent  alternatien  from  subaerial
(diamictite ftaciow) o subaqueous aehnvironments (quarts  wacke

Lacion).
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hydredynamic environment und}mr.in sho o er water than trough budg
with tangontial toprwets. It is interproted that from the base of
the planar laminated quartz wacke to the top ol the trough bedded
QUartz wacke, the hydrodynamic conditions ot denosition chianged
from a higher velocity and/for shallower water ecovironment to a
iower valoalty and/er déeper wator onvironment,

Pulacocurrent meagurements taken west of the "A" Zone indicate
that the palacocurrent direction at this specific locality, was
roughly porpendicular te tho long axis, orisnted cast-west, orf the
Fat Boy dlamictite packago.

Sedimentation in the Last Hope basin, in the vicinity of the
Bignal Hill area, cecurred in.tﬁo distinet onvivenmants:

Ay in ptmximnl alluvial tan, and a

B) digtal alluvial tan intorbedded with water-laid
sodimenty

Preximal wthwial fun

1‘51;1tt et al (19%2) doseribe an alluvial ran as "doposits with
great thickness, rapid laveral 1acies changes, amdl the prependns
rénuq of conglomeratoes ohd sandotenes with net oo abundant shale,

Accoraing o Bull (1973}, diamictite amd debriv Dlow, mibght e
padt sl o alluviag ran, A alluvial fan san beooubaerial andgor
snhaciies g, T G ltorTet g urarts  wiekios |
diapjoerite layers, precently coon b dhe U39 Pome, oagtwatrd from
Taunlt lr‘u's.:-'- Yo tho eontaet with the Poenbiidlocera Formation Signoal Hitl

iton tote,  arc chueracteriot boroor o oa gl havial fa Aocariling b



sub-aguoous ahd sub~acrial environments are envisaged to explain

the present assomblage of diamictite and guarts wacke,

The first appearance of quarts wacke with internal sedimentary
gtructured, (planar laminated and trough cross-bedded guarts wacke
facles), oeccurs west of fault ¥098 (Flg. 3.11). These guartz
wackes ‘e interbedded with thin layers of diaﬁiétite of the Fat
Boy packaga, as well as aéverul immature guartz wackes. It has
heen obgerved that the thickness of gquartz wacke unite with
internal sodinentary astructures incereases rapidly from cast to
wesat, Aecording to ‘fucker (1989), planar laminatioh is most
commonly produced in two ways: either by deposition from strong
currents, or by deporltion from suspension (low~density turbidity
curronts or from woak traction currents). It.has been cohaserved
that the »lanar laminated quartz wacke facles are toxturally
immature, coarse grained and poorly seorted, which suggests that
they were formed by doposition from strong curronts.

Avvording to Rainecok and Singh {1982), large~soale crosge-
badding, including trough cross-bods thicker than % oom, are of
varied origin amd thoey aggquire difforent shapes (from angular to
tangentinl to concave to sigmoidal) dopending on the hydredynamie
factors exiotimg at the time ot deposition.  Field cbservations
show th.t the dianmad Hill trowh craso-bodded facios progreuss trom
coneave at the bottam, to coneave and tangential towards the top of
bl psguensuy, Poineek and Singh (lasy), copebwded that trowgh

erosdstends with concave Torsets are either deposited in o highoer
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The £illing material is similar in composition to the matrix of the
underlying diamictite layer. This featurcs suggests that the
carbonatization took place within the quartz wacke prior to the

congolidation of the urderlying diamictite member.

3.5 Ddiscusgien

It is interprcted that the quartz.wackes originate from a
nixture of fine tufficeous and argillaceous material with highly
variable amounts of detrital material, The diamictite packages are
mainly composed of voleanie derived sediments with variable pro-
portiona of reworked clastit sediments (rounded to sub-rounded
chert, irongtonc and granitolid blocks). To-produce the concen-~
tration of voleanic clasts presenc within these diamictite mambefs,
a significant amount of volcanic activity must have heen syn-
chronous with tho deposition of the Last Hope sediments., Each
individual hed of these diamictite packages represents a gingle
depoaitional avont.

Individual diamictite layors do not show signs of reworking
after deposition. 1t im suggested that these gediments ware
deposited in a sub-acrlial rather than a subeacgquecus environment,
Howevar, the guarts warkes underlylng the Fat Boy packagae have
broad sub~paratlel beds with ne inteornail sodimentary structures.
Bods 1nnkinﬁ lamination are tormed either by very rapid deposition
fram suuaprpsion or by deposition from very highly concentrated

sodiment digpeasions (BRlatt ot al, 1940}, fheretfore, alternating

1)



strong internal deformation., Thewe fragments are sub-rounded to

rounded in shape and their sizes varies from 1.% Yo 5.0 om.
"B" Zonhe package

-This package 1 exposed in trénchqs at the Y“"BY Zone located
roughly 600m south of the YAY Zone '(Appendix IX); | Like the
Northern package the "J' Zone package was not studied in detail.
Howaver, the surface mapping indicateg that the *B" Zone package is
similar in composition to the Fat Boy puckage. .The HEY Zone mine-
ralization is locétcd at the basal contact between the YB" Zone

diamictite package and an underlying guarte wacke facles.

3.4 Carbonatization

Carbonatizaticn ig present, with varying intencities, in all sedi-
nontary facies ef tha Last Hope Formation., 1In most units the alte-
ration had partially replaced the matrix of thoe host unit (Fig,
3.20) and less frequently almost comploetely replaced the matrix of
thae host undit (Fig. 3.81). PFigure 3.21, ohows unaltered dlamictite
matrix £llling & small rracturs within the overlying carbonataed
guarts wacke, Thiu feature  ¢an be compared to a elastic  dyke,
whore an injoetion ol water  goahed matrix orf diamicton
took place into overlying semi-vconsolidated guarty wacke unit, The
petrography ot the 1illinyg material indicates a.enmvauitiun of fine

quarte-scerleitic matriz with onall Yroguenty o detrital qudrun.

LS



Figure 1, 0u: vuarts wackn's matrix partially replaved by
carbanat icat ion,  HPDh~06n, 7o,

L % "

Figurme .0 Carbonatedd cqpkart s wacke {reddiche-Irown) overiying
o thin diamictite layer. Mnaitered diamietite's matrix tilled o
small fravture within thy overtying carbonated quarts wacke,  the
youmging direetion 0 trom the right to the iett,



dark green material, In addition, minor amounts of aphanitic to
finély grained fuchsivie and =iliceous ¢lasts, pale heige to
greyish clasts with an intense guartz stockwork and dark-brownish
intensively carbonated material have been observed. These latter
three types suggest that the soucce rouk was altered prior te it

erosion and incorporation in the diamictite layers. - The petro-
graphic work carried out on voleanic clasts has identified an
agsemblage of quartz-sericvite 1 carbonate 2 chloritoid. This
assenblage shows stroeng simirarity to the quartz-sericite schist

agsgemblage af the upper Penhalonga Formation.

The chert and ironstone fragments are composed of aphanitic
gilicecus matarial. Within the ¢lasts, laminations vary from well
to peorly handed, and in some cases the laminae and bands are
doformed, posaibkly by slumping., Few clasts uru'bfauciutud by latar
' guartz stockwork. They are generally rounded to sub-rounded and
occasionally sub-angular in shapo. Their sizes vary from 1 em to

20 em in diameter.,

The guarts veln clasts are yenerally white to light grey and
aphenitic.  They are usually rounded to sub-rounded with sizos

varying from legs than 1 ool te s oom in diaustor,

The uranitoid fragmentss e conposed o} coarse grained
miaterial avepraagimg D=l apnart s oand doedyn teddipar, Hu matic

material hit beon ohoopyvend, AN cryotials are antoedral atel show



Potrographico studies nf the diamictites of the Fat Boy
package, show that the matriy consists of fine teo coarse quartz-
gsericite 1 epidote + t:arhrﬁnte material with varying amounts of
angular t‘régmcnta comprising polygranular aggregates of detrital
qu.artz, and pml'qunular aggregates  of quaft.a of a chemical
sedimentary origin (chert and ironstone) (Fig. 3.19). The
composition of the matrix is generally similar to that of the

quartz wacke tacvies described abave.

ey AR

Flgure 3,193 Carbonated quarts-sericite matrix of a diamictite
layoer supporting an angular ocomposed quartz tfragment, S5D=111,
d1m, 100 X, ¥ nic,

Thtee types of voicanic tragments yepressnt the bulk of the
voloania  olonts, They are  compousd ot aphanitice pale belge
material, pale green alightly scericitic matertal, and unaltered
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and angular blocks of gquartz sericibte material (similar to the WEY
Zone's quartz-sericite rouwk). The size of fragments varies from
icm ta 1% cm, The size and cancentration of fragments decreases
from bottom to top (i.e upward fining}. The blocky meta-tuff unit
extends laterally for approximately 150 neters béfOre pinching out
[Fig. 3.11). _

The pink diamictite ig characterised by 80-90% angular guartz
~gexricite t carbonate fragments (few fragments.are up to 35 cm in
dlameter) and a lesaer amount of rounded ironstcng blorks in a
sheared quartz-sericite % carbonate matrix., Qua aricite
carbonate fragnents are interprete& to be of felsié valcanic
origin., Despite the high proportion of clasts, the pink diamictite
is matriz supported.

The overlying diamictite layers of the Fat Boy package éxpose
a sequence of more than 200 meters thick in the eastern portion ot
the "AY Zone. However, the thickness decreasges rapidly towards the
west (Fig, 3.11)., ©Detailed mapping ilndicated that thé lataral
extent of individual dilamictite layers is limited. It is ditficult
to trave a gpecific layer for more than 150 meters, they pinch out
rapidly or are abruptly terminated by other layers. West ot the
fault "Fog8", the suriace expression of the Fat Boy package ia
limited to tew thin sheared ‘'iamictite horizons interbedded with
pebbly guartz wiacke facies (ig, 3.11) . However, boarcholes (8PD-
083 and SID=09#)  dridied west ot the fault Fuvg, intercoctoed o
thick sequoence of the packane, which indicates that the main body

of thr packiage pluteges to thos woest,

tll,
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below the gignal Hill ironstone,

A

| RN

=+ QUNATL WAEKE
S LNy " epge. _ e,
% R B 3N ' _
Figure 4.4 Phwto showing the contact betreen a chert stratum
of the "B Zone torcland dipping duplex strucsure and underlying
guartz wackes, The ventact dips at approximately 50° towards
1909,

It appedars fram the obsorvations above that o major south
dipping thruast fault breasght the older overturned  Penhalonga
Formation ta 1iv on the younger right wayeup - quemve of the upper
Pﬁnhulongu and  Laot Hope Formationms, The Main Thrust Front
tnqéthur with snbeidiary thrust faults within the Footwall, aye
responsible tor the antitorsal inderivate stack and toreland dipping
duplex obueprved in clert and i onstone menbers of the right way-up

upper Ponhialotnga Format jon,

i



north of the contact betwesn the everturned gcguence and the right

way~-up succession.

B) chert and ironstone “blocks" af unit ﬁ show stacking of chert
and ironstone strata in an antiformal imbricate stack (Fig. 4.1).
The ralative diaplacemgnt of each.individual stratum forming tho
inbricate stack, is about the same as the length of aach indiﬁiduél

chort and ironstone stratun,

) gouthwest of the “BH Zone, saveral distinet chert and iron=
stona strata were stacked together to form a foraland dipping
duplex (Fig. 4.4), the slip of individual stratum appears greater
than the length of tha strata, All of these strata dip
moderately (30 ta 50°) teowards the south and southeast, The
foreland dipping duplex soguence is crogs-~cut and displaced by the
"Wator" rault(Fig} 4.4). The northernmogt mombers of the foreland
dipping duples, present unconformable contacts with underlying
folded quartez wacke units (Fig. 4.3 and 4.4). Figure 4.3 present
an almost perpendicular (90°) contagt between the foreland dipping
duplex (dipping at $0° towards 180v) and quartz wackes (dipping at
60°¢ towards 270¢). The vontaut io charactorized by highly sheared
and mylonitie material. The fault called Water Fault truncated and
digplacaed the stack pile into ito presest pocition (Fig, 4.4}, It
is nat alear whether thowe chort and jronstone striata wore part of
the Hignal Hill iI.‘i.,l!Lif'.t,H'il‘ or part ot dany othes Ponhalonga Forma-

ticen's wiwrt and frohstone torpation loceted stratigraphicaily

FL



4.3,2 Main thrust and associated "E" Zone

A structure, wpproximately 15 km leng and rorming a large-
scale are, separates the overturned Penhalonga sequence (Seuth
domain, PFig. 2.3) from both tha right way-up nembers of the
Penhalongh Formatien (East domaiﬁ, Flg. 2.3f and the Last Hope
Formation (Figs. 1.2, 2.3 and Appendix VIX). South of the Hp"
Zone, this structure separates the Penhalonga Formation wverturned
lithological units dipping at 30-45° towards 100-135°, from the
upper Penhalonga Forﬁation's right way~up chert, Jironstona and
voleanic units dipping at 50-60° towards 215° (Fig. 4.1). Further
gsouthwest along strike, this structure saparates the overturned
Penhaldnga'sequence from right way-up cquartz wacke and diamictite
facles of the Last Hope Formation, dipping 50-60° towards 140~160°,
Although the gontact ketwoen the overturned Ponhalenga Formation
and the right way-up formations crop out only in one location (Fig.
4.3), the structure is casily identified on acrial photographs and
on the Landsat image. Figure 1.2 and Appendices VII to IX show tha
trace of thig struvture. Fioeld evidenee @oliected in the vicinity
cf tho YF' Zenz and the "K' Zone suggoot that a major thrust,
namaly "Main Thruut Front", brought the older and avurturnéd Penha~
Tenga Formation over thue youngey right way-up gsequenee of uppor
Penhalonga and Last Hope Foermations.

Thig riuld vyidence  id emrurated as tollow:

A) ag ashown in Figure 4.1, che ohert and ironstone hlsckoa" ot

unit A have beon rolded, taulted and abruptly terminate ismediately

Ta-
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the fold nose. Subsogquently, the southers limb of the syntform was
fanltved by Py and Fe (Frg. 4.1, Thereatftor, trault Fe e mated the
sauthern limb ot the synfortt an well as tautts Woand FYae  Figure
4.1, (detail 3) shows tho faulted contact (Fn) betweeh manbers At
and A:. The presence of black gossan within mombers Ay and A2
indicates that Az is the oxtengion of At and therefore, implles a
loft lateral movemont along fault Fr.  The black gossan pro.sants a
“ghort lateral extension, and lg present in only three "blocks! of
unit A chert and ironstone, The black goscan ila therefore a useful
‘marker to gstablish the sense of movement. Regardiass of the So
‘orientation of units A and B chert and ironstene, the regional
schistosity (S2) is consistently dipping at L5-60° towards 290° and
has not been affected by felding and faulting duseribed above (Fig,
4.1, Appendiwn IXy,

It is propeosed that the chert and ironstone units in the
viginity of the "M Zone were foldd and subseguontly faulted.
Theoe two doformation events proedate the formation of phe regional

foliation (&),

An antirerm hag been outlined approximately 1 km west of the
At Zone (Fig., 4.03). only the asuthern limb of the antitorm  is
cut-=cropping and has been altected by taults, as shown in Figure
4.2.  The ntereoplot o poles or lithological omtacts hotweon
planar  laminated quarty wackes and trough eprods bedded  guarts
wickes (M) indioares o told o axie plamring art 380 towards 2040

(Fige 4.2), Ho tabric woao aenceratead by thin varly tolding ovent,



wasg related to slumping of blocks of Penhalonga Formation in the
Last Hope aodlments at the odge of the basin. These apparent
chaotic ironstone members belong to two distinct and laterally
extensive chert and ironstone units, which form part of the Penha-
longa formation (Fig, 4.1,'Appendix VIII). Geolqgical mapping
carried out northeast of the Signal Hill area shows twe distinet,
laterally extensive and sub-parallel chert and ironstone uﬁits
within the Penhalenga Formation, namely. Signal Hil1ll chert and
ironstone, and unit B chert and irenstone (Appendix VIII). Based
“on the interpretation of a Landsat image and aerial photographs,'it
is congidered that the dnit A "hlocks" (Fig, 4.1) are an extension
of the Signal Hill chert and ironstone formation, while unilt B
"blocks" (Fig. 4.1) are an extension of the unit B chert and iron-
stone formation (Appendix IX). lHowever, as a .~esult of approxima-
tely 400 meters of poorly outoropplng area.betwaen the "F" Zone's
chert and lironastone units (unlts & and B) and the two distinct
chert and ironstone formations locatoed north, no definite answer
can bo obtained regarding their rolationship. The disposition of
chert and ironstone "blocks" of units A and B in the vieinlty of
"EN Zone (Pig. 4,1}, indicates that both units are folded, followed
by faulting in unit A (I te Fs faults, Filg. 4.1) and imbrication
in unit B (Fig. 4.1). The unit A fold is a close synform, the
gouthern -limb of the rold shows o right way-up seguence, with an
inferred axlal plane dipping approximately Lu=60° towards 1359,
This inturpretation.iu based wmainly on the overall digposition of

thase chert mombors, Collection of data suftered from lack of
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4.3 S8tructure of the sSignal Hill area

Interprotation of structural data collected from the Signal
Hill area, and especially from the chert and ironstons units of the
UEN gdone (Figs. 4.1, Appendix'IXJ outlined four diptinct phases of
deformaticn. The "F" Zone's chert and ironstone members, unit A,
(Fig. 4.1) are extensgion of the Signal Hill's chert and ironstone
members, which stratigraphically culminate the Fenhalonga Formation
and undarlies the Last Hope Formation. cChert and ironstone membars
of unit B (Plg. 4 1) are lovataed stratigraphically below the unit
A. The unit B is the aextension of the ghert and lronstone unit
located west of the gignal Hill's chert and ironstone (Appendix
VIII), These members are useful stratigrdphic markers which
Irecorded doformation phases predating the development of the
regional schigstosity (Mason's 5i, Table 4.1). Mapping in the
vicinity ot the "A" Zone, shows that the Au-As mineralizaticn is
located along faulted contavts between diamictite and guartz wacke
facieg, and has been deposited beiore the developnent ot tha

regional schistosity.
4,3.1 D1 evant

The apparent chaotic position ot severdal chert and ironstono
upits in the vicinity of the "FY Zone (unite A and B, Yig., 4.1),
has not boeen catistactorily  intorpretod by provious workers.

Martin {(19a9), propouded that they chaot ie posit ion o thegse wunitn
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lecalities. In most instonces the schistosity (Mason's Fl) has
destroyed this c¢leavage. Both Mason's and Hey's structural
interpretations together with the presont interpretation are

summarized in Table 4.1,

Table 4.1 Tectdnic evaents of the Taﬁi gchist belt after Mason
(1970), Key (1976) and this study.

K TECTONIC EVENTS AFFEGTING THE TATI SGHIST BELT

PR Y - - . . . A e o e
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north of the Tati schist belt (Tutume-Vukwe schist belts, Fig. 1.1)
and were not seen in exposed outcrops within the Tati schist helt
{Mason (1970}, Lithmrland (1976) and Key (1976)}). Neither Mason
(1970), Litherland (1976) or Key (1876) describad these folus in
detail.

The third episode (F3} 1s more widely davelopad.."xt has
rafolded the éarlier structures and is respensible for the wide-
spread formation of one or more sets of crenulation cleavages. The
crermulation cleavage, although locally intense, is essentially a
non~penetrative structuré dependent largely ¢n the lithology of the
host rock" (Mason 1970). _

The fourth and fifth eplsodes recognized by Masbn (1970) are
of a more brittle type of deformation. The fourth épisodé involvad
the davelopment of a later .leavage which locally deformed the
erenulation cleavage (F3). The final episodeg, belleved to be
closely associated with the fourth, includos faulting and shearing
of both the schist belt rocks and the adjacent graniteids, with
development of proad shearing parallel te schistogity, accom«
panied by guartz veins and mineratization. * .ar structures trend
between north and north-northeagst. They are videspread throughout
the schist belt and especially concentrated in the central-north
sector and in the gransdiorites to tho north.

Kay (1976) revisod Mason's tootonia interpretation without
introducing majer changens to the segueonve of eventii. He introduced
an early phase of deformation, which predates Mason's Fl. HKey

(1976} deseribed it an a alaty oleavage observed in very few
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4.2 ¥Previous structural investigations

Mason (1970) recorded five deformational episodes in tha Tatl
schisgt belt, The first episode (F1) involved the formation of the
regional schiétdsity (Table 4.1}. A mineral stretching lineation
iz frequently observed on schistosity surfaces. In the western
sector of the schist helt, the lineation generally plunges towafds
the‘west-sduthwest, wheraag further east it plunges to the south.
west, scuth and southeast . Masen {1970) remarked, howevar,
that the attituds of tha lineation is usually constant in a given
area. The schistosity and assoclated lineation are developed in all
the formations of the gchilst belt., Mason (1970) cansideraq that if
the schistosity is regavded as an axial planar structure it must
repraesant a period of folding earlier than any recognised folding
in the schist belt. The apparcent absence c¢f ezarly fold closures
could he exploined if the fold axes were more or less horigontal.
Masen (1870), considered the rogional schilstosity 60 he a
penetrative planar structure related to tha.fiast recognizable
period of deformation, 1 the relationship of the stretch
lineation, observed on  the ﬁuhiutm:';ity. surfaces, with the
lincations devaloped at the margine the granitoid plutons {New
deaLand pluton, Fig, 2.7) is uunsjdwrud{ the lineation prohably
repregehty a Feature parallel to the Jdirection of  toewtonie
tranuport.

The seoond cpisodn (I} cocodquiced by Mason {(1w90), involved

the formation ot isoolinagl totds, Thery folds wern Libpbitied



CHAPTER RIVE
MINERALIZATION

5.1 @General Statement

This echapter discusses the nature and distripution of the
glgnal Hill mineralized zones, based on observations from surface
mapping and from borehele core interscetions,

These zones were brief;y dosoribed by Von Spacth (1970) and
Mdlyneux (1971), and have been the subject of various internal
raports from seltrust Batawana and from Falcunhridge (Byron (1983),
Harwoed (1986), Blaine (1986}, Blaine et al (1990}, Adudet (1990)).
Surface exposuraen of the known gold-arsonic-antinony mineralization
are confined to four main zones, namely; “A" Zonp, “BY Zone, "oU
Zone and the "I Zone. In addition a @ km long arsenic=in-seil
anemaly known ag the "K* Zone has been identitfiod.  Only the “av,
MY amd "PY Zonen are eensiders] to be potentially coonomically
viable,

Extoennive  woathering he attectsel the country reck  and
oexidation of the mincratiged sopeo ocours to oo = 0 mobters in

depth,

gl
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ettt 1D fheno tye Palb gystoena aroc aob part of o« snige
cettaeivraberl, Che roverno toull cirnien vepreconton o gounger ovent

e U nnreal vttt syston,
Leetet gitmulation wleavage

A nonepenetrat ive gronulation aleavags, dipping at saeq0 v

Ch Lot Bheas aroviconts oo and 87 and Lltects e antire A 'i.t'{il."li ikl

lii:‘[;l;lk}‘llﬂf,‘. Thic cleowge {0 particulagly 2videat within the ltamic-
Siue Pacien, where the orenulation oloaviue i Foraed by “ho
dievalopient o pigralolds in tho pre-existing schistosity (8.

Rogln fyacments o) voleanic origin within diamictite tacies, shovw
uthonqu dovasopoed  erenilation cleavege, while the surrounding
Latriy amd fieartone trragmoents show nene op weakly developed
crentlation cloavage, Quarts wocke facies show thoe development of
the orenulation oleavage to varying degrood, The wrenulation
eleavingn i Yairly consictent throughout the signal HiL1 area (Fig.

3.02) . The astorcoplot of poles o erenulation cleavage (Fig. 1.12)

ndicates an average ddp of B2 towards 04%°,  Flogure 4.8, ashows
that the crenulation cieavage poat=dated the develoeppont or S0, tho
aiheralization and ehe eiomal aotiistoniry, T™he aronulation
Glavintn Wi not orfegted by the drag fold eeeated by the fault
Funat,  Althouaglt the erenubation elboavisqe and the fault P9 e
aimi bar treauds, the crenulat on obeavage dipe b shallowor amgtos te
tho northeant than the nermat paultas,

Somte vom b argpne thatt the orepulation o loavadge may he part or
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dextral apparent soense ol moveRent, varying from tew centineters to
2.% Loty Redther gquarts wmaterial or mylonitie matoerial were
observed within the tault'a planes, 1t is difrfienit fo eatablish,
with the limited amount of data available, whethor thege roverse
faults and normal faulty, deﬁcribnd above, are part of a canjugated
fault gyuston, If these two tault systoms aro part of a conjugated
fault system, then the stercographic representation of thege two
fault systems, show thot the axis of the maxinum prinuipal cOmpYes-
sive stress (o) plunges 20v fowarda 070, the intermedilate agis
(o2 plunges 64% on 499% and the miaginun pringipal comproession

gtress (01} plunges 20% towards tedv (Fig., 4.11).
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Pigure 4,118 Hoersaplot o e norpal  and reyorse fault
syntems and  the aooociatesd otrous syoten, T axis ot the
"RAR I mum pomprera e s G0 e 2o Lowards e, the
intormediateo anie ) plundgos b towards 2oo aned the min b

briperipal strean ) Plugbnes Jor Yowagrdn 1on



the movement along tault Fous, attected 8o, the mineralization as
wall as the rogional schistosity. Consogquently this fault system
iz a younger event than the minecalization and the regional

schiatoaity,

\ A #IF# ;

J : v } o

B 3‘ T
Figquiwe d.10: Fsponure of the relationship botweon the reverse

fault pystem and the normal toult system.  The secomnd gyotom han
been displaced by the revorue fault aystem, "AY Zone poar 9400 E,

A ovries of reverse Jaultae dipping o towards 30 to 3lse,
eroad dats the pBoroal Faultss (Floge .oy, Theue taulty show
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froguently  absent in any facies non oriehted v -0 tu the

gehistosliy. In the vicinity of the Signal Hill's "A" ZJone, the
schistosity dips aﬁ a shallewer angle than the bedding (Fig. 4.8)
and cross-euta the faldeﬂ and faulted chert and ironstone memkors
south of the "¥' Zone (D1 event, Fig. 4.1).  In the "F' Lone ared,
the rogional schistosity is well duvaldped in felsic meta~tuff
regardless their orientations (Figs. 2.6 and 4.1). There is a
slight variation in the strike of the regional schistosity from the

east ("F" Zone) to the wast ("A" Zone), (Appendix IX).
4.4 Late strucktural events
4.4.1 late faults

A Leries of normal.faults dipping 8%° towards 020° cuts the
entir: -:~nal Hill soquence (Flgs. 3.11, 4.2, 4.7). Those faults
have a sinistral apparent lateral displacement ranging gencrally
from 0.4 to 3 metars, Howaver, govoral taults oxhi it greater
appazent digplacements, up Lo 500 meters ror the Water fault (Figs.
3.1 and 4.2), and approximately 35 moeters for the fault FOY8
(Flga. 3.11 and 4.7},

Barren white guarts material ic observed within several faulha
which crop out at the "A' Zone. When prosent tho guarts vary

from + mm te 2 om in thicknoos, and is falrly consistent along

the strike of the rault, Figure 4.7 shows that a drag fold due to
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Figure 4.7: Fracture system F£illed with white quartz and
affecting the whole "E' Zone hogt rock, Theso fractures dip at
an avorage of 50° towards 0l4e,

4.3.3 N2 avont

A goneril ly modoraate bo o pooply penetieative schistosity eof
ragional extent, dips condistently at 30 to 40" to the south and
af focts tho viuelo Hiqnqi i1 area, e ot the characteristics of
the roegionnd cechisbosivy, ba that 10 e paratlel o bedding plnnéts
and lithobogioal boundartos (Moason,  1970). In tne Signal Hill
aret, e v ioaoed el cbosily e wal b odewatopod within Last Hopata
sodblmenben croel wWhiven ot gl poe db e e the et iy, Ther

Venglana b pecitioaontte T aeeh o vaone b o poor by develope - boar



The "E" Zone is located immediately couth of the Main Thrust
Front, and extends {or scveral kilometers te the northeast and
southwest of the Signal Hill block (Appendices VII and VIII). The
"EY Zone is characterised by a highly dolomitic and siliceous rock.,
Erratically distributed within the “E" Zone dolomitic and siliceoué
rock, are several dragged and folded blocks of bandec ironstone and
what appear to be sheared felsic meta-volcanic "xenoliths". The
surface area of these xenoliths varies from a few square meters to
400 syuare metewrs (Fig., 4.5). '

A locally intense atockwork of kyanite, appoars to have crys-
tallized late within the dolomitlic and silicecus hogt rouk (Fig.
4,6)., A series of late fractures, dipping aﬁ approximatély 500
ftowards 015° can be locally obsoerved croass-cutting the YE" Zane
host rock (Fig. 4.7},

The YEY Zoae bhinches and swells along strike  and can be
lecally absent, but it is inpvariably located south of the Main
Thrust Front (Appendices VIII and IX), All telded and imbricated
lronstone members described in agection 4.2, are lecated cither
nortnh or at the Main Thrust Front.

This implies that the "E' Zone structure could be intimately
associated with the main thrrusting ovent,
| The xenoliths observed within  the MEY fonte:  have  boen
toatonically aftected prior to their inclusion in the "EY Zone,
Figure 4.5 indieates that these genoliths bave bea deaggod and
Foaldd l:f‘.v'.ﬁlh-'* RN Yone structure, and rthereattie alfeotod by the

develomnent ot the regional oolilntonity (oo (see meation 4. 3. 13,
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Figure H.4: Stibnite (ub) bedng veplacoa tiratly by chal-
goatibite (1) amlfar native antimeny (1) and thercatter by
moetacinnalbarite and/or tahlors (2, in a gecond generation
gangue, Skp-ani, 201m, (20 X, rod leoted light).

Pligure o0 Stibiite (b)) with incheiions of native antimony
(1) and/or ehateestibnits (1) (high retlectanee, white, top lett)
AP 08, oo, owutple Lot (A0 X, et dectesd Tighty,

16y



Bilver oculd perbaps be proscent as an alloy with the native qold

and/or amnsociated with the suspected tahlors phinse,
5 3.1 St 'hnite 5'11‘);'5‘5)

"The ﬁrbﬁent study shows that the antimony mineralization

seours in two distinet phases:

A}y an early phnuﬁ, and
B)  a remobilized phase

The carly phase stibnite ouvours ag gearse, irregular shaped,
hypidiomorphic granular agegregatos, Thege are ugually monomi-
neralic but can have smalt inuiuni@ns of native antimony and/er
chalcostibite, Howsver, oarly stibnite (s also obsorved in
asgeclation with berthievitoe and sphalerite, 1¥ is net elear
whoether or not the mondminvvuliu stilnite and  the utibnitg-
berthierite~uphalerite  ascociation, reprosents two ditferont
phages, Thig carly stibnite o replaced, tirstly, by chaleostibito
and/er native antimony and thedeat ter by a4 poasible anpociation ot
metacinnobarite and/or tallore (gee section bedcd) (Filg, w8y,
Figure 45,9, ghows 3 cencentration of  miinly umndetermed and
unbrecaiated stijnite with inelusions ol native antimony amnd/or
ohaleost ibite within a siieibesd and carkborated matrig {oallad thoe
Ui oy geherat Tez) o Thic st ibaite pliase appesarss o e hean
werll  pbesiopwest within Foetwall veins (l-'.iq. e lud, Hevdoegor,
attt imediy miteral oot fon o oduiorwead by caanpdes 10300 (Fig, bond, 1ol gl

(Fipt, bod, ) amed S0 12 arel bedses iR g, o) fetieatas intetne

1404
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o approximetely 1850 petors,  Unfoptnmately, no ativhiide sineras
lisarion wan intersected by Jdritlimg and, therelore, noo tredn
(unweathored) mineralised samples are available for bl Study.
geologienl Jdata ol lected trom surraca mxpp.inq, cronching amd
corne boreholeds, indicaten that the gold mineralization seems te bo
ohear~gontyolled, lotabord within;xfﬂULu%nifelsiﬁ lapill) meva-tuty
unit as well as the underlying quarts-serleite sehist unit (Fla.
5,7).  Thooe units ape cenelderad to be pard of the upper Ponha-
longa Pormation (Chaptoer 3). o Gold minerali:atibn ig intimately
assoclated with pervasive carbonatization and hematization and
oacauidnally with ferruginous, antimony-bearing boudinaged velns,
Although erratic high values of antimeny, up te 2.0%, are
aspociated with the ore zone, no visible antimeny hag been

pboarvod,

§.3 Mineralogy of the A" Zone mineraligation

A dorailod study of che minoraleay has boen iarried ot ol
ovor rhivey polishoa sootions {ﬂgidn At ptulphido opeet oo thee MAN
Soanr. Jdemtificoabdon of the oo mdaessle Wit cardyied oul by nesass
ot terdectod Dbt miotomeore. the prineipad ore mineralss oo
stibntte,  berthivrite, matiee antiweny,  ohaleost ibmite,  Chalo
pyrite, sphalerite, pyrito, apseeaapyrite and gold, Phe preasace ot
wieeawrimialartes andsor falilore pmeearian ot rahedsdtiog b
sapectaoed, Atthoasth Fow omd oveatio walues ot IS RLCE AR Y RIS URL SRR A
ioa tew lewalitdes dn Ulee A Done, no gilwver minovals wers
obgepwsd I this oty

1o
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Pigure §.7: Crocs soction through the " Zone, the section ia

located along line 11285 (Appendix 1X).

5.2.4 YFY Zone mineralization

The "PY Zone mitncratization in jocated 400 petors eaont of thoe
AN Potee (Appendices VEIT aned 1Y), Numetronss Prenchos, 4% poraus-
Sion bupoholen and 4 corcd bopotodest woroe Jdp i dleed in the arca and

huve indivated goeod polent il tor exidised ore over a utrike longth

AE AL



.2.2 989 Zone mineralization

The UBY sone minerstization is locatod approXimistedy oo
metars goutht of  the "A' Jone amd has oa 1.0 Rmostrike  bmgth
(Appund;cas.vllr and  1¥). Along thia strike, 40 trenches, 13
percussion horeholes and 2 cbred ‘borcholes have delineated 4
potentially cconomic ore body approximately 150 meters in stuike
Longth, It has some gimilar features to both the Footwall
nineralization and the COﬁtnct mineralization of the A" Zono,
onee again, significant geld valuos on surtace are aspogiated with
fine grained, white/yellow siliciticd and sericitic quarts wacke
uhderlying a diamictite similarto that of the "A" Zone. Footwall

veing contain maspive stibnite in places.
4243 WeY Zone mineralization

The "C" Zonr minnrallsatrion jn associated with deformed qparts
veins  within the highly sheared Northorn diamicetite  package
(Appendices VILI and 1X).  The surtaee strike extension is limited
to leas than 100 metors and only thres ahallaw percussion borsholoes
wore dArilled inte the zenc.  Thercrors, no fresh (unweathered)
mineralization has beon studied and only little intermation about
the minerogy i pregently aval lable, Baood on surtace mapping,
the gold mineralisatrien is arcocoiagteed with a earbonatoed  and
ghightly siliciticd hoeor reck s woll as detormed atibnite and

ctibivonitosbeariter gquarts wedne (cinilar to o the YA Sapnin

an



Figure b by [vbail ob the contaet between a Footwall vein and
the sheared, silicrriod st mineralicoed gquaot wacke host,
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vl 1l eattor gt ol eyt proecipitation o pyrvite and
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while the core of the Footwall veins remain unaffected. This
suggests that the Footwall veins predate the formation of the S2
gchigtosity. Flgure 5.5, shows a Footwall vein with massive and
finaly disseminated stibnite in sharp contact with the surrounding
sheared, silicified and mineralized quaftz'wacke. Sevaeral £ine
fractures, mainly near the contact, but also throughout the
Footwall vein, have been filled by pyrite and arsenopyrite which
suggests two possible scenarios. Firetly, the Fodtwall. vein
preuaces'the pyrite and érSehopyrite mineralization, or the pyrite
and arsenopyrite-rich mineralization predates the Footwail vaein and
has been remobilized and filled fractures and nleavages created
during the development of the regional schistosity. However,
Figure 5.6 shows that the silieifiad and slightly mineralized
(stibiconite (8b30s(OH)) stalning) guartz wacke was tectonically
brecciated and thereafter replaced by pyrite and arsenopyrite~rich
£lulds. This observation indicates that the siliclification and the
antimony onrichment of the guartz wacke facies appeared earlier
than the pyrite and arsenopyrite mineralization,

While there are some Impressive gold values in lenses of
Footwall mineralization, the distribution of geold is of an erratic
nature. Surface mappinq.and drilling indicates that hoth zones of
Faotwall and Contact mineralization diverges westward and upward
{(Flg. 4.1). Ne trace of the Footwall mineralization has bean found

in the eastorn pertion of the "A" Zono,
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typloal dguarts vein material,.  gopetimes presont,  could  have
resulted ltom mpetamorphiom and/or later gquartz vein formation.
These chuat bowding amlfor qnarts verns called thereafter Footwall
velns  oeenr exelusively  within  the footwall quartz  wacke
agtieablage . None ol these Footwall veitneg have boen obgerved within
the tat Boy pagkaqu .

Footwitll voing together with the quarts wacke assemblags dip
towards the south ab sbaltower agaglest than the contact hetwaen the

Pat Boy pavkacge and the quart 2 wocke ansenbloge (Filoga, 8.1 and'ﬁ.dj

Flogure bt Poedbwad b oan plaovtineg 12 bowardst the southioagt,
Baowsated meat linngedy and v opl,

At gk P, tles cont oot Iwteghen e v Foaobtwall weing and tBhn

il Foowarhe oot poeel o Sl Pt tohier l_ll[.;[?_'.’__ otk ot el oy el

Wit o ke Forei ool b verrne s ad teetesd Dy the U :::.-hi‘-'l:r-:zj'r'_;;,



HAY Fone, at its woestern extremity (Fig. %.3). The mineralization
is hosted within lemses of sheared, silicitied and sericiﬁized.
rocks, éﬁsociat:nd with boudinagoed "chert® and/or quarts veing
within the siliciticd tootwall asascmblage of the quartz wacke {Yig.
$.1) « These chert boudins and/oer quarts veins are the main host to
the antimony mineralization and wore cxpleited at surtace by
previous prospectoreo. '_Lnd_ividual lonses of Footwall ore werc mined
for aatimony in the late 1840's (the deposit was known ag the "Last

Hope" antimony deposit)
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F@quru S.1 0 Tenuen af Foolwall mineralisation within the
gilicifiod aquarty wike tacicg, located 4n the wosteorn end of thoe
HAN nane.
Byron (1984) desteribesd this material as Tehert® an 4 has a
i bneregprraines], olight by oapgary testare aned it was 1eit that e more
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gtrike and down dip, gold is not distributeq uniformly within the

ore body.

(1Y «"yar poy" PACKAGE K
(£} ¢ QUARTZ-WACKE UNITS &,-"
ATA-087 1 TRENGCH , /
n2e ot A g/t ]
o -
STA~ONS
BTA-0G STA-087 . I \
STA-008 §TA069 .
STAL0T6 |
SR _ BTA-0T0
Figure §.2: Digtrihution of gold within the A" Zeone ore body.

The erxe body ie doetined by a cut-off grade of 0.5 Au ¢/t,

From one tronch to the other (10 meters apart) gold is located
within the diamictite layors and/for within the silicified quarte
wacken,  Figure 4.2, shows thoee in trench gTA-075, the ore is
loantod mainly within the bottom mmmher'at the Fat Boy packagoa,
while in trench STa-uaer, mont ot the ore ig Jovated within tho
gquarts wacke. In tronch §9A-067, the ore is exclusively within the
¥t Bey package, whilo in tronech S$TA=-ooo gold is evenly distributed

boetworn both units,

Foogwall Mineradi aticn

The Pootwall witvralication js presaont b the footwall ol thoe

:,"
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[.g'f] FAT BOY PAGRAGL L) BONTAGY MINTRASIZATION  tiigar B HGUSSION SOAE HOLE
F] ouantz wagkr ) TUOIWALL MINERALIZATION 10y 0f) QO ROAEHOLE

Figure 5.1 t Cross-section showing both the Contact minera-
ligation and the Footwiall mincraliczation, along the line 987% E
("A" Zone grid).

The bottom portion o1 the Fat Boy package (Fig. 46,1} showa
diamictite laycers which are sheared, weakly -ilicifled and show a
weak limenite stalning,  Westward amd alang the YA" Zone strike,
underlying quarts wackes show inepreases in silteitication. While
An the castern part ot the "A" Vape, the carleonatization is very
intense o both hosts amd doeeyeses olightly towards the wout,
The scomemic ore body of the A" Sone mineraslivation s
Al fned by o series ot intersection, trem borchelon and trencia:,

it minimie width ot 1 ometer arading o/t Anoand abawe, Alony
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5.7

Mineralization types and distribution

S.2.1 YA" Zone mineralization

Tho surrace mineralization ¢f the YAY Zone has a strike length

of more than 1.5 km. One hundred and rifty trenches, 38 puercussion
boreholes and 29 wvored boreholes have delincated potentinlly
aoonomie ore over 1.1 k. The termugation at depth of the sulphide

phage of the "A" Zone minoraliﬁation is not known with the deepest

Arill interscetion at 250m vortical depth., Two zones of Au-As-Hh

mineraliaation-havm been jdentiried, namély

A}~ Contact mineralizution, and
B)= PFootwall mineralization

The erocs-sociion premented in Figure 5.1,

ghows tha oocur-
rence of both zonoew  of

=

Au~Ag-8h nmineralisation and  thelr
relationship to one another.

Cemraet mineralization

The z2one of contact mineralisation dips at 4h=H0" rowards thoe

south and oottt both in the batad pertion of the Fat Boy package

and in the upper portion ol the underlying mquar e wieke facdos
(Fig. %.1)}. The

e af adperalication s usually throe to jour
netors thick, bat may range tron e

o than ons metor up to about
fouertoon mtaors, The minerallsvd cono siows vabrying dogresas ol

hydrothermal alteration, mainty silicirication and carbonat ication.

"l
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5.3.9 Pyrrhotite (Foixii)

ryrrhotite wau obuerved ‘n only one sample, where it oceurs as

an anhedral phaée in cloge relationship with arnnnop?ritc.-
5.3.10 Pyrite (Fesy

Minor wenemerphic to nypidicmorphic pyrite with multiple
" inclusions of yangue material ig found in close assaciatiun with
the arscnepyrite (Figo, %.16 and %.29). Late pyrite also tills
open fracturces and aleavage planes reloated to late derormation of

the country rock and the ore zome.
5.3.41 Cold (Au)

Native gold wJan found oxclusively aa vory line, frea graing
within the socond gangue qeneration (Figoe, 5,21 and H,23), The
gold mineratization in asoociated with the gecond pulpe of hydreo-
thermal fluids which alno resulted in the precipitation of the

argenopyrite and pyrite {oeo section w.3002),
5.3 12 @angue minerals

vaniue minerals are predomiooant by apaarts, carboiate and o oa
Tesoer amount sericits and chlorite. guarte o by far the moot

sopuen const itwent, whereas the carbonate cantent. can e highly

i1



ehde albtorat fon plraso ropososond mot.eonnabarits oy Fahloger,

nnnnn ;v'wl-ﬂr" u-‘:‘l-\ Ffr‘m“ﬂ

Pigura 5,301 Avtonblivte  of  ouhcdral! arcenopyrite  (Apy) and
porews xenomorphie pyrite (y).  hoth phases are eelatod to the
pecand hydratbermal owvent, @N=003, Sum, (320 ¥, reflectod light).

5.3, ﬂ Arsanopyrita (teiod)

Arvotopyrice {n by tar Lhe st abuedant owlphiide minerat
ohoorved, It i presont aws file Yo coarse ddionovphic te bhypidio=
norphic eryatals with inensiom: of gangue minesaln. Arsehopyrite
I frevuentty asoociabed with pyrite,  Arocopopyrile is caelugively

argioe lalond wibh vl ovmvied peiee gt T o enae i e ot ion

Sade Y Frers, o0 b, GGl L, ey,



stibnite and forthier bte, Doy peots vepdaenad 1 st by elntboonst iite
Atd/or et foc int breny and chateopsyy ey A darh ooy i witeer ot
phasie, which fooweak by onjaotropic, roplaees the -».tr'l.',' -mt.imuny Sipes
art wedll an the Chaleostibite e native antimeny, T o suspected
hot wmetacinnabarite andfor - AFig. 4.8) could pepressont;
thin minceral phase,  Intortunately, wicrostopbe Bdentiticat ton o
theoy phases remacing atntertain. A r:.hunl'n'i-i:_.;u wicFohnan b (3970)
cleetron mioroprole (chertection Timit of tis wboL Hy) was uned in
order to deteert any g content within this .'sit-r_»r-trinz.: P,
Twoelve points were anadyard within the unaltersd st ibnite core, the
stibnite. rim olose to the alteration phase  and Wwithin the

alteration phuas.,

Table Ho 11 Meroary (Hy) content in otitntte core, ot ibnite riw ond
within the glteration phase,

I'mrind Wt L Heg Pheargop i pt- jun
1 i 11 Alteration I'ih.'i:h‘
< . 1n HMteravion phasn
t SRS Aiteration phase
4 (1,11 Alteration phase
Y 04 AMteratian phoaae
Fy Vb !11”'[}.]11'[{'_0 rim
¥ -0,03 Sibnite 1rim
A TN Sitnite im
4 UV St ibgrite rim

1 SRR Stitnite core

11 LRI St ibmite o

P TR stitnite oors

The reralts procsented in v Deou b, indieate Dot thee gt ion
}‘i.lll.'-t' | FTE Y i‘.il"‘-l in 1!"_1 [ T F | O A R T I I | Wit} -‘“Hi}.-.
witioln the ot TEaites vner e ut“l*_‘."i!:i Yhoo Ay esante vt o b by the Fimit

Aetectiom. Lrtortunat el o g booa b copntiue fan e bee drawn wited by
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Figure 5,19 Broooloted early sphalerite in a quarta-carbonate,
firet genoration gangue material, thorvatter aifocted by a later
tectonic event and the assooiated socomd gangque genaeration and
the growtht of areenopyrite, fp=ou3, usuan (500 K, reflecta:) Tight)

5.3.8 #plalerite (And)

Sphalerite is tound in ¢lose anoociation with stibnlte,
borthivseite ael chateapyrite bt ean aloso omag independently
within e ivat gangme geapration. Spltalerita fn ustally
:i!:t*u'-qul‘u*w sliapesd and ocomigon ey intowsely beocciatoed by a lator
foctonic ovent and bho s iated socsasd paclse of gangue: material

@O FUFTIMLTINN I S P R P I D DA EANPET 1 T8 ST K O
Ba3.7 Melorbpuobhaoiie (Had) aaelfae Sablovo (o (Aa, B, Hy) )

The o ipteradberieal o sbaedt e s Pl rhe aad oy minea b,
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5.3,3 Berthierite (FoSbpds)

Herthierite i present  as  annedral cfyﬁtulé in wlose
association with etibnite (Figs, %.12 and 5.16). 1t is not c¢lear
1f the relationship is one of a replacement or of a mutual inter-
arowth. Howaver, replacement to Qarying dagroees of berthierite by

chalecostibite and/ov native'antimony i common,
5.3.4 Chalcostibite {Cushaz)

Chaleostibite is found as the Iirst phase of replacement of
stibrniite and berthierita. It is ocxclusively anhoedral, and
gunerally.dcea not exeved 3 p oin diameter. Duve to the close
optical characteristics of the chaleoatibnite with native antimony,

these two phases can caslly be confused (Fige, L8, 5.9 and L,12) .,
§.3.5 Chalcopyrite (UCuFebh.)-

Chalcopyrive has beon found in trace amounts, in association
with stibnite and ovaasionally with sphalerite, It is present as

vory fine, irregular shapoed orystalus in, and adjavent to, stibnite

and sphalerite (Pig H.10).

IS4



event (Figs. 5.11, H.14, 5.18).
5.3.2 Native Antimony (Sh)

Minute flakes ot native antimony are associated with the
mononineral ic stibnite and the stibnite~berthierite intérgrowths.
They are presaht as anhedral inclusions more often within stibnite
than within berthierite. However, due to the small size of these
inclusiong (3 to % u) and the similarities in eptical uharacf
teristics to chaleogtibite, these two phases can be casily vonfused

(Figs. 5.8, 5,9 and 4.13).

Flgure %.161 Early atibnite (8b) and berthierite (Be) partially
replaced by chaleootibnite and/or native antimony and the growth
of late pyrite {(Ry) and arsenopyrite (Apy), 8D=-003, S6m, (320 X,
reflectest 1ighty,

1aY



Figure %,1%: Btringer of remobilized stibnite located adjacent
to a pyrite crystal, SPD-083, 221Im, (320X, reflected light).

brecciation and romobilisation by a later tectonic event. The
pyrite and arseonopyrite crystals appear to be precipitated from a
hydrothermal fluid related to this later tectonic event. Figure
5.6 ocuggests that the antimeny mineralization is related to the
early pervanive silicification and uarbonatizqtion of the guartz
wacke host rock, rather than to the late pyrite and arsenopyrite

bearing hydrothermal evont,

Thes early stibnite has been revonstituted due €o incrpases in
prassurc and temperature conditions generated by a later tectonic
event, and hag tilled tine troctures within the Jgangue material,

Those fratures were probahly generated during thig Iater tectonic
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Figure %.12: stibnite (8h} and berthierite (Be) (replaced by
chalcogtibite and/or native antinony). in close relationship with
sphalerite (fp)} and chalecopyrite (C¢), SPMD-083, 25%m, (320 X,
reflected light).

Figure H.13: stibnite (85b) aftected by a later tectoniao event
(travtures intill by the sccond generatiuvn of ganyue material)
ard the growth of late evhedral arsenopyritoe (Apy,, sh-o0s, 22in,
(3200 X, retlected light),

lind



Figure %.10: Fantwall  vein  with  maasive  and  disseminated
stibnite partiafly replaced by ot ibivonite (Ge), The photo shows
a sharp conlact betwoen thin Jootwall vein and the surreounding
pyrite and the arsenopyrite mineraticod sone, Soeveral fine
fractures through the Footwall vein has leen 1itled by pyrite
daivl arsenopyrite, 4pp-asi, sanple Lud o,

Figure bH.113 Remobitioed  otibnite s tine  stringers in
fractures created by a later toctonie event.  sphalerite (8p)
ocourss at the bettom et sSPB0sd, 201p, (420 X, reflected

1ighty.
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CHAPTER 51X
‘LITHOGROCHEMIBTRY

6.1 Geheral statcment

The purpose of this chapter is to mupplemcﬁt the potrographic
identification of volcanic rocks and their derivatives, to
establish geochemical correlations botween  Au, As, 8b and other
assoclate minerals, and to teontatively ostabligh a correlation
pattern between hydrothermal alteration indicators and the Au, As'
and 8b mineralization.'

Geochemical analysls were carried out on 63 borehole core
gamples from the Bignal Hill area, Pifty~five samples were
collected ivom borchole intersections of the "A" Zone, and 8
samples wore eollected trow the "F" Zone. The lecations of those
arill heles are given in Appondix IX.

Of the 45 saaplos trom the “A" Zane, 13 are unweathored ere
sampleos, the romaining camples were eolleoted from footwall and
hanging wall lithologics.

All samples wore andiyzod by XRF for major elements and for 18
trace clemonts at the Duepartment ol Geoloyy, Univeralty of the
Witwatoerorand,  aold (otandard firve ansay), an well ag argsenio and
antimony (ReE) tor the 13 A% e oro samples wore aualyzed by
Boargutron Antl_li.ﬂ:l-:nl-‘. Latboratorios in Johanneshburyg, K, 8.7,

In dealing with altored lithelogies it fu nocessary o

putablich o link hetween the parent 2ok ana ita altoration
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CHAxibR BIX
LITHOGEOCHEMISTBY

6.1 d@eneral statehent

The purpese of this chaptar is to supplement the petrographic
identification of wveplecanie rocks and thelr derivatives, to
egtablish geochemical-qarreldtions between Au, As, $b and other
associate minerals, and to tentatively establish a eorrelation
pattern between hydrothermal alteration indiecators and the Au, As
and Sh mineralization. _

Geochemical analysis were varried out on 63 borehole coré
samples from the BSignal HiIl area. Fifty«five samples were
celiegted from borchele intersections of the YAY Zane, and 8
sanples were collected from the "¢ Zone, The locationsg of theso
drill holes arc given in Appendix IX.

0f the %H sampler trem the YAN Zone, 13 arce unweathoered oro
samples, the remaivning samples wore wvallectod {rom footwall and
hanging wall litholagics,

All pamples wore analyzod by XRF tor major olements and for 16
trace eleponts at the Uepartpent of Geoleygy, niversity of the
Witwatersrand, Gold (ctandard §ire assay), as well ao arsenie and
antimony (ARF) oy the 13 "A" Zone ore samplos wore analyacd by
Bergutrom And Bakkey Laboratorion in Johannoshung, RG8GA.

In dealimg with altered  fitholesgios it i necogsary o

patalilish o link botween tho parent rack and its alteration

1o
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ora combined with é Footwall vein in sliicified qﬁartz wackas.
This Ore Zone 1, shows a clore relationship between Au and As, and
a mere erratic assoeciation with Eb. The Ore Zone 2 is located
approximately 10 meters Ffurther in the footwall, anda is=
characterised by brecclated Au-Py-Apy mineralized gquartz wacke
facies and injected by barren guarte veins. In Ore Zone 2, the
same clése relationship between Au and As exists, but 8b is
practically absent, Assuming that the Au-As mineralization of Ore
zone 1 and Zone 2 are of the name origin, and If the antimony
mineralization was the latest phase assoclated with gold to
precipitate, as proposcd by Harwood (1986), then it could be
antieipated that the Au-8b relationship in Ore Zone 1 and in Ore
zbne 2 would be the game. Figure 5.28 shows that the Au-$b
relationship in Ore %Zone 1 and in Ore Zone 2, Iis not the sane,
vhich suggests that the Au-as associatioﬁ hag no relationship with
the antimeny mineralizatioen. |

Furthermore, ovidence of brittle detformation of the early
antimony mineralization by a later toectonic event with agsocciated
gald-bearing hydrothormal tiluido has been desceriboed and observed
megascopieally and microscopleally. These obscrvations indicate
that early antimony mineralizatimn.tc@k place before the Au~Py-Apy

mineralization.
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Figure 4,271 arageonet ic sogquence of pinotralization atter
Harwood (1986) . Although gold has boeen olzorved and denerilwd by
Harwnod, he did not inoalwied gold in the paragenstio seguenee,

i the tining of fhe antisony ore enpliecaent,  Harwood (1986),
considored the stibnite Lo be introdwesd ac g late sulphide phanse,
while the writer argues that the antimony sineralisation predotogs
the main rmlti mineralivatiop.  Accorditg to Boyle (1979), ot flmite
in dnvariably o late mineral in osgold depositae, Most ant fwony
minerals torm ot L low tempsratures thar ewen in fhe caane of
sotation trom woleande tesdss,  the water aight ey el itn
ceniedetriat ion pusint l}-'.ln‘-.l.i{iln', Teunny, f‘l."i‘.:'\ifl-’t‘ill'z thoa pbat ement o,
Harwood Yo parapenesin appears it acooe prab e,

Hows wor . Figre Lo00, precent s iteer gt biesd B oot ozt ol
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the "A" Zone Au-pdg-gh deposit Is prescented in Figure %.26.
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Figure 5,261  Ore paragenesis of the A" Zone mineralization,
Signal Hill area.

Harwood (1986}, reported qudmundite (FeShS8) "in clese
intergrowth with stibnite which it appears to he replacing with a
cavcous texturc", L2 also reported a gudmundite-arsenopyrite

paragenesis. However, in this study qudmundite was not ohserved.

5.4 Dis¢ussion

Harwood (1adn), in his study of sulphide ore trom the Ya" Zone
proposed the paragenosis presented o Pigure $.207, for the An=Sh-as
mineratizatioa,

Howeved, the baragenet o seapenos deseribed in seetion 4.4,13

in ditferent trow Harwood's (P850} interperetation. Phe pain pouint

s



B} A subsequent introduction of siliceous material is associated
with a tectonie event which brecciated phase "a", and created
coarser grained dark grey idioﬁorphic guartz r:ustals.  These
guartz crystals are associated  with arsenopyrite-pyrite ninera~
lization. Gold is found interstitially or f£ills in microfractures.
Flgure 5*24 shows brecciated first gangue replaced by guartz-

carbonate-sericite with assoclated pyrite and araenopyrite.

C) A milky white barren guartz vein cross-cuts the two earxlier
phases. The guartsz crystals within this quartz vein are very

coarge grained and do not hogt any mineralization (Fig. $.28).
5.8.13 Ore paragenesis

It appears that several phases of hydrotharmal alteration and
mineralization took place within the sedimentary assemblage of the
tat Zone. It is proposed that the stibnite, berthierite, spha-
lerite, as well as chalcopyrite, chalcostibite, native antimony and
poseible metacinnabarite and/or schwazite were related to an early
phase of mineralization. It is not clear whether or not a certain
amount of gold was associated with this early phase., A second
influx of hydrothermal flulds was introduced, which resulted in the
arsenopyrite + pyrite + gold mineralization. A third barren hydro-
“thermal ovent is relatod teo later brecciation of the two earlier
phases, In addition, the early antimony mineralization has

undergone lator loval remobilization. The paragenetie sequence of
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Figure b.26:  Breceiation diue to Lrittle detormaticon of the gold
bearing second gangite generation (dark colour) and injection of
white barren guarts material, SPD=083, sanple 10444,

variable. Three porisds of lydrothermal alteration have heen

idontified.

Al The firsbt s an oarly fans aralred grey to brownish ouarta=
carbonato gangue related tooan antenss and porvasive alteration of
gquartz wavke. Yhis pervasive  intense silivitication and to a
lagser extent carbenatization took place 1n'the'Wa§tern portion of
the PAY Yono (Fig. 5.3, Stibnrte~tich Pootwall veins are.loﬁatmd
within these altered guarts wackes . Pigure %.25, shws a Tootwall
vein with stibmitecborthiciatescsphaleritse ninerslization. The

AN Ly uonpaen almesd exclusively of fing gra pnead aprarta,
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gontents of the whole rock (Foscor ot al (T9ual) . hocording o
Boyle (1979), foul mast et the gold deposits ascociated with gold-
guay btz vedoo andfor shear ',',uhs.-;.a, Eb Chown an inereasse au gald soton
are approachod while e deopsaoos,

Ploprers g Lty o LI T S T L R SIS
R o P T o TURER L RUIES IR ERLENRPPRE S PR R
Zone mineralization. Hoth decrease slightly towards the ore rone
Afhanging wall), drop at the ore sone and rise in the :i.uotwa'll WY
from the ore zone.  Hone of the other Yapre® elopeonts (As, 8b, 2,
Ni and Cu) show any correlation with 8r (Fig., 6.10) and Rb (Fig.
6.11) in the hast rock, Figure 6,9 indicates that  for all
mineralized - op o listed in Appendix IV, a broad eorrclation
exigts betweon the devrecase of Sr and Rb and the inoroase in qold.
This pattern doee net corrclate well with a typical goldeguoert 2

vain in a shear zane oystem (Boyle, 1794y,
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6.5), while no statistical signiticant correlation exiaté botweean
au and 8b (r= 0.32). Flgure 6.6 indicates that no direct
correlation ecan be drawn hetween high gold values and Zn, Ni and Cu
contants, Aiso, no corrolation exists between %n, Ni, Cu and Sb
{(Fig. 6.7).

Although mercury (Hg) has been reported to be agsociated wikth
diverse mineralizod zones ("A" and "¢V Yones, Appendix V), ne
direct correlation between Hg and Ay, Az and Sb can be ohtained
fron thin data (Fig. 6.8). Howaver, results from two samples of
undeformed magsive antimony ore (Table 6.1) show that high mercury
contant (629 ppk, 4120 ppb) is assnciaﬁed with the antimony ora.
The prasehce of schwazite (fahlore group minoral, Cuni(as,8h,Ha)813)
as suggested in section 6.3.7, could explain thesce mercury values
asg well as whe high As contente (408 ppm, 624 ppm). No gold has
hoon detoc~2a2 in theso samples.

Table 6.1t As, Sb, He and Au contents of two samples ol massive
antimeny ore {rom "A" Zone mineralization,

Sample As (ppm)  Hb (ppm) Uy (ppm) Au {ppm)
116G 408 C 14000 63 el

11612 124 12000 J1) ml

6.5 Hylrothermal alteration

The rale ot the variens teotonie ad hydrothermal  ovontas,

(Chapters 3 amd %) can be invest igated fuarther by using Kb oand dy
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where a slight build-up of these eloments is observed. According
to Figure 6.5, 4 chaotiec pattern for both Ke0 and Na:0 can be
observeéd throughout the ore zone.

The chemistry of the clastic components indicgates derivation
of the material from a relatively Ti-enriched and Zr-depleted
source (Fig. 6.4). The chemistry of unaltered volcanic fragments
collected from diamlectite facies (Appendix III), indicates a
variety of origins, from sub-alkaline hasalt to andésite (Fig.
6.4).

6.4 YAl Zone mineralization

The gold rich samples (& 0.50 g/t) are characterized by 2s
contents varying from 0.024% to 5.13% (avg. 0.72%) and 8b varying
from 0.010% to 2.74% (avg. 0.81%), (Appendix 1IV). Go;d minera-
lization is also associated with 2Zn (13.1 to 744 ppm, avg. 206
ppm), Ni {0.05 to 205 ppm, avyg. 63 ppm} and Cu (nd to 138 ppm, avg.
9 ppm}.(Appendix Iv). Mercury (Hg) has heen detected in gold-
rich samples wollected at surtace along the "A" Zone with values
ranging from 22 ppm to 740 ppm (avg, 265 ppm} (Appendix V). All
these elements are enriched'within_the ore zone, compared to the
unaltered guartsz wacke favies away from the ore zone (Flg., 6.3).
The Co, Cr and Ba contents do not show any gignificant increase or
dearease botwoen the ore zone and the unaltered host rock (Fig.
6 ).

A correlation betweon Au and Au iy oevident (= 0,65, Fig.
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at 1.9% (Appendix IIT). Consequently, Jdirect comparison of element
contents in unaltered and altered rocks without any mass and volume

adjustmont was deomed acceeptable.
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Figure G.4: 2r/Ti0: - Nb/Y plot showing the classification of
the guartz wacke facies of the Last Hope Formatlon and voluanic
fragments of diamjetite facies (after ¥Floyd und Winchester,

1978Y. ' :

6.,3.1 Major and trace element behaviour,

The K0 content of the.haut Hope Formation ranging from 0.87
to 2043 wto L, {avy, 1.unowb %) correlates well with the minor
quantity of sericite oboorved within the matrixz ot these sediments
(Appendix T11). These reoks appear to beoalmost freco af W and

Mo, with tler cxoeption of the A% Jenne wineralisation (Fig., o, 3),
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T

romaing generally very low throughout the whole sucecession vith one
exception nmear the “PM Zops mideralizatjon, where the values
inorease dramatically by approximately 28 timen the bichgreand
(Fig. 6.1}, The  SrfTior versus Ny plot dndieates an acid

valeanic protolith (andesite to dacite) (Fig, 6.2).
6.2.,3 Chert unit

The thivd agsemblige is characterized by Hde 00 Wt B sige, 1‘:.85
wht % Fe20d amd 2.4 wt ﬁlﬁn. futranuphiu ahsorvations (Chapler
3) and chemical results, (less than 1% lods on lgnition and very
low Can and Feroz) indicate that thie unit s unaltered. This unit

Belongs to the unit A& chert and ironcstones (Chapter 4, Fig, 4.1)

6.3 Liast Hope Formation
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). Although this unit is heavily chioritized and carbonated
(mainiy valeite), the chemical conposition outlined by Ko, Nad and
Myo undoubbedly ditfers from the quart ze-sericite sehiiast asgoenblage
Pig. 6.1}, The chemical compocition, as we.ll ag the drfrive -
Hb/¥ plotr (Fig. 6.2), ::.auqejr.'x-.: ‘5, although not conclusivoly (rmly one

sample), o sub-alBaiine basalty pretolith.
6.2.2 Quartz-sericite achict units

The gquartaz-oserizite sehict units wore h»;r;:w:ily arfected by the
succankive toctonic events and ooocomvaesing altaratiaon provessoes,
Theretore, the interpretation uasing the major alements of theosoe
rocks will b limited to the i(..lunt:iiﬁiuatinn o1 yonoral 1“.1'#:!:1:1:.: in
the alterat ion process, The interp ot ton 1o aloo vowplivated by
the Lot thalt dntense woeathop ing han af Pectnd yvhiesse Focks atoa
doepth dewn Lo 65 metonrss,

Chemically, the whole aucosblage 0 charactoriged by highly
variable awmountsn of Sy, varying trom S8,he7,00 wt L (avdg. Ha, 8
Wi V), 2.E0-0L00 who U (aseg, Db wWie U)ol Mago oend TIPSR TR T
(avg. 00wt ) of Tios, Ba o ramgos trom bed ppmote L R {aveg.
344 ppm) o amd Nby from 4, 87 ppar o fGao pran (aves, 3.0 ppad (Appemdix
). From bottem to top, this ook siecossion shows g brood

decreane Tn I geenmpanded By nfiaht increae in Hoen (g, o, 1),

A drey g Loet bn Pl s e rendse b Gy i loa) Gire

anteciatod with the "M Cone wincralicat bon, Sl Mo capt ot



deformation and alteration. In additien, dilution due to possible
hydration and carbenatization, as defined by loss on ignition, is
highly variakle but remains on average very high (Appendix I).
Consequently, the interpretation of the chemistry of the membars of
thé upper Penhalonga Formation, without mass and volume adjustment,
will remain speculative,

‘Figure 6.1, shows that three distinct units can be outlined by

the general trend of K0, Naz0 and Mgo.

L3,
¢ QUARTZ-SERIGITE SCHIST m?
LOMETA-VOLCARIG wi
Crea RHYOLITE
ol SagE e T e
Lo | v an
ANDESITE T -
2y )
Titys . Yr
bt amteuig. "
ASALY ALEAL
. oo BhgALT |
SUHCALKALINE NASALY !
G .
Khify
Figure 6.2¢ Zr/Pi0y - Nb/Y plot showing the olagsifica ‘on of

the voleanic rovks of the upper Ponhalenga Formation (after Floyd
and Winchoester, 1978).

6.2.1 Me a-veicanic unit

Chemically, this unit is componed ot S1.4% wtoo Gioe, 14,68 wt

OALME, G.d4h wh o Mgo, dnbh ppmood Ur oand od o of NI (Appendix
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the schist belt on markedly ditterent bearings.  The regional dip
throutgghout mast of the schist belt is to the gouth or aouthwont.,
but westerly dips are recorded in the extreme ecast. The sub-
diyisidn of the Penhalonga Formation into distinet strustural
domaing can also apply to the wholo suhibt belt..  In the south and
southwoat domains the stratiqraphic suceeagion is inverted, with. -
the ultramatic/matic phases nﬁcurrinq at_the.tpp of the structural
suceession. The north and ecast dopains show fiqht way-up rock
successions, Exeept for the broad arcuation ot the schist belt,
major fold structures are not prominent.

Positions of tonalitic batholiths and theif marked effoct on
the échist-bathcliths gontawts, suggests that the schist belt
collapsed between thom as they noved upwards inte their present
positions (Masen 1970). Based on Mason's statement and in light of
tield observations and a detailed examination of the Lamdsat imagoe
of the Tati schist belt, an interpretation of the structural his-
tory cf.thn Toti aehist bolt is presentod.

At an oarly stage in the development of the Tati sehist belt,
the agtratidqraphic succession was indtially subjected to large geale
tolding caunod by o conbination o1 the sinkimg ot the vniuunic pile
and the diapirviaally rising gqranitaid compleves, and pocsibly by
other tectoniv mechanisms (happe Like sdracturos 2, Litherland
(1976} (¥ig. 7.1y Thin early detormat {on prosdiessd a torgesacalo
syntform with an overturned counthern Himbe and a0 rigbt way-up
northern 1iwmt. 'l‘ln-. scont inuos bty of bathot iths and/or othor

Coboatier dowen, venved thee et o1 toddine o flecreaane ond thee

Pdgn



CHAFTER SEVEN

DISCUSSION

7.1 General sStatement

The sedimentolegical, structural, mineralogical and goo-
chemicel data presented in earlioer chapters of this dissertation,
provide the'framawork for entéblishinq a model of the genesis of
tha Signal Hill Au~Ag~Sb deposits, Those complex deposits tormed
Al a rasponge to inter-related qeelogical praceases.. Theage include.
early rhages of tectomig amﬁivitibu raspensible for tho depoesitien
of the Last Hope sediments, early formation of the antimony minera-
1ization, later thrustipg and tolding events which control ﬁhe gold
and arsenic mineralization and finally post-mineralization teetonic

activitien.
7.2 Struotural deformation affecting the Matl schist belt

Befere one ovan understaml the stractaral detormation which
affeeted the Signal Hill arca and its control on the location ot
Au-ag~Eh doponits, an undnrﬂtdndinu of  the regional struoture
atfecting the whole Tati ol rat bolt i ancosnary.

The whole tuecession o weakly netamorphosed under gromsebi ot
facien conditions and e intolded btwoon o welriodg o1 Tonalivio
hathol ithe, Thee Tat i sehist deelt pusshseest an overall  souths-

copterly trond, aithowgh appetsdage:s Lesed ottt rem the main bendy e

Fiu



less than 1 ppa, However, a fow exceptions to this rule exist; in
the Puhipubi gobd depoesit in Hew @oalaid (hot uprimgs), the range
fg Jouow700 ppn Hy,  Boyle (1979), deaoribes taveurable conditions
for mercury encivhment in guld deponits ans the rollowing?

L U S E IR STRNE S T T T R TUN AT

thuat, b . TS R YA T E L SIS N RPN

2} tho presenhoe of sphalerite andjor sulphosalts and einnabar
are the controlling factors for enrichmento,

1) under most conditions mercury is lost from the exidised
zones ot gold duposits ecpecislly where the osidation has
beon intenpe and prolonged.  Where the oxidation ie lens
aevers moroury may ezhibit an enrichwent,

In section L.3.7, it has been proposed that tor the "AY Zone
mineralization the mercury could have been intimately associated
with the early phase of stibnite mineralization, ratiter then being
agsociated with the liater gold mineratizaticn.

This relationship between By oand thoe aptimeny mineralisation
it ¢ lso gupported Ly chemical evidenco,  Beoults < com undetormed,
urweathered moascive antimony oo bhave proved that antimeny and iy

mineralization are related,



nags and/or volume changes, the rock assomblages were detrined using
general tronds of sz, Naad amnd Mg as well as Zr{TiOe.versus Nb/Y
plots. According to the chemical clarsification the rock suc-
cession can be detined as follows: a meta-voleanic unit of sub-
alkaline basaltic origin cccurs ak the base, followed by a seguence
of guartz-sericite schists of acid voleanic affinity (andesitic to
dacitic), which in turn .3 overlain Ly cherty units,

The chemistry of the quartz wacke facies of the Last Hope
Formation indicates derivation from a relatively Ti-enriched and
Zr-depleted source.  Furthermore, valqaniu fragmants from the
diamictite units indicate a suh-alkaliha basaltic to andesitic

origin,

The "A" Zone gold mineralization is characterized by a high
concentration of As, &b énd Heg, Gold-rich samples show a direct
relationship with As, but there is no_umrrelation with b and Hg.
Although thie "AY Zone ore shows i slight enrichmant in Zn, NiL and
Cu, quid doocst not show any correlation with thooe elements.

Interprotation  of mercoury within the YA"  Zene ore ig
agomplicatod by the fagt that mt\.t‘c:ur-? iz a mobile elemepnt which
eould have been atioeted by succossive hydrothormal activities and
by aoveral dotormational ovents, Weathering could algo have causoed
cither enrichunont or depletion of the merciary content (Boyle 1979) .,

Arvnapding to Boyle (19749), pereary is oa common asoociante of
gold in practically all typmer o) hypogens gold deponits, bat the

tlemoent §n invariabdy proesent only in osamall oanounts, atton mach



6.6 UEY Zone Stiucture

Thin 2one s cvharacterised by o ottong 1 ks long artonie
anomaly in soil canplios.

The rosulty listed in Appomdix V1 oindicatoe that t:.lm. rock i
cemponed of Bo79 10 6,34% Fepos, 7,010 to 14,400 Cal, 2loud to 24, 30%
Mg, 13,70 to 33,800 5i0p and high .ol (30,0 ta 30.75),  he
FoeOs, Gad, Mgl and the L.0.T (mainly due o o) are roelated to thu
inttense dolomitization (ankerite) oluerved in the ®IM Zone rochs,
Two rock canples vollected from the "I»:“.zunu, show  As values
rianging trom 133 to 1263 ppm, Sb values trom 149 to 410 ppm atud u:-.r-.

giample returned an anomaloug qold vabe of DLu ppm (Appetnilz V1,
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syngenetic, and probably endogenous, hvdrathnrmal theory provides
the mont catinfactory answoer tao oxplain the geneais of the early Sb
ninerralization,

Pellowing and suﬁcrimposcd on the parly ancimony ninerali-
‘zation of thoe "A" Zone, a second phase of hydrathermdl activity
took place precipltating gold along tha interface between the Fat
Boy package and the underlying quarts wacke tacles, This socond
hydrothermal event is thought to be intimately related to the and
of the thrusting avent (D1}, the "E" Zone structure and probably to
the weglunnl groechechist metamerphism. All of these ovenkts pogt-
date the consolidation of the Last Hepe Formation sediments,
gubsidiary thructs and/ar'shéars in the “ootwall of the Main Thrust
Front (Fig. 7.3) and relateda to the "§Y Zone structure, are consi-
deraed to have acbed ao cliannels for the gold and argenlie-rich
'fluids and controlled their tinal precipitation. These thrusts
and/or shaars are preferentially develsped aleng lithological
contacts, | '

The syngenotic Fe-dolmitization imd the carly antimony mine-
ralization, probibly prepared the foground® by cotabliching a
favourable phyuice-chempical  onviromment,  neeoossary  tor the

whooquent gold precipitation,



indicated thet the vravent ot fon ot 8 apd lg=mlphides in sedium
sitlphide solntioms, epelds on thie peensatre,  tonperature, pH,
coneentrat fom of the solutvion, andfor the oexidation state o the
trannpoprting went, The depoasiticn ot ::Ih .:.ml tr-nmulphides in
vontrelled by chamgeoe: in tompeopatute,  oxidation state aml pH,
I L N TR T PUNU T U IR VRITE S PP T N R
tewperature,  Toereasiug proveare, saeddie condit i.mu.'., uxidaticn and
ditution of £he [lnids By gqromndwat era will docresse the solubility
of - 8b and Hy-amiphiden,

Abhot et al. (1o}, congsidered that fumarol o amd late stage
voloan: @ exhalations provide the material recponsibie for an early
antimor ¢ enricloead in uneoneolidaed, epicladic andiments and
tuitn, accompanied by carbematication aned silicitied ion, at the
Alpha=Gravelotte ant jnony ore body, Harehison areenstone belt,

Bimitar early mineralisavion can be cxpiained by the "Hajle
minerativation woded® (Mardaling, tona) . Acvorting to this wodel
the mineratizet lon oyoten o cotpti-detod o b eontre ol intengse
hydrothermal et ivity trom nearly valeanise cxprosoed an hot
aprings or fumaroles ot the time of the depestit ion 0! enalousing
debris flow  copgbomeraten and tut baeeonn sedimenta,  Ginjlar

it et ot the Cantion wine, MLOUA (Mo lin, TenYy gave rige to oa

Avedeg winerad il Corae o1t e i vt ke denth,
ot bdering the v Toi e i, e i osreent s Dayonirdabie 1o
. L oo antinemy
cre gt SRRl ML rerains wure vt it Mediemer L, 5t 5 L the Wriler s
Gpti e, e b e s b et be o el e, that the



) an epigonet i.n. ini-i.lt.z:*.ﬁzi:..an of 4 low tomperature hydro-
thoermal fluid ot o later ctage, which poste=daten thoe
deposition of the Laost Hope waslimentn and the early
pervaiiive carbunarivation,

3) remabilisation of presexioting cpigenetic or oyngenctie
antimeny. This ovent would theretore poutw-date the
dieposition of the Last Hope sodiments ag well as the
pervasive earkenatizotion ut predated the Au-Ag
ninecralization,

Boveral comparisons can b diawn botweoen the Au=As-8b minora-
lization of fignal Hill «nd Gthbr antimany=yould ouuurrenuas; cupom
cidlly at the "antip my-Line" ci the Murehicoen greenctone belt,
South Africa.

In his atudy ot the Antimony deposits in the Murchison range,
Muff (1978; otaten that the antimeny-morcury assceiation wuo
initially introduced by submarine, cynsedimentary or syngenctic-
hydrothormal nctivition, HBeyle (1079} montioned several localities
“areund the world where antimony and mbrnury doposition {rom hot
oprings are known! o 9. Sultur Spritgs, Cal., Witbur springus
District, aal.; Reoaver Oreck districot, éal., and mewoeral others.
Furthermoiye, g ondfor 85 minerads aluo precipitate {rom hot
springs in the U8SSK, and on Hokkabdo in Japan {(Bayle (a7,

Ramdohr (1180), congidered that the meroury=bearing suiphide
in a atibnitesnor ey ore appears late and a8 a replacement phase

Bacsesd on tloe pesearch of Erauskopt  (190a), Tunell (1964),
Buarnes amd  cgaasanchke (1967), White (1vsd), Biekson and Tunell
(196#) ared Brookinas (1o72), Mudrt (1972} went bravad that cinpabar
and nhibnite e net precipitated cioaltaneously 1ram b oand Hegs
earrying cofutions, and  in the cane of ant ischy  and nereury

slphifde depostitlon, their pressipitat fon arer fapese Mutd (i‘}'{i’.}
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2)

1)

4)

zones Have beon dentit ied, namely the Contaot winero-
lization ani the tootwall mineralization,

The Uontact, pinoralisation oears at the basal veontact
Drtwoen the Pat boy dianictite pockage amd the undep Iy (g

Cguarts wacke,  The Bost rocko are sheared ond weokly

silivitied,

The PFootwall mineralisation is present in ailicified
guarts caghes of the AT duhe al ito westoern esiyos aty.
It consinty of lensos of gheared, silicivied and serjci-
tized material anoociated with antimony-rich rootwall
veins, : . :

antineny ore (ctibnite, berthicrite, sphalerite and
chaleopyrite) in related to an parly phase of mincera-
livation whivh prodates the Au=-As mineralization,

it is belioved that the nerouwry i intiwately associatod
with tha early antimony mineralization. Mevoaury in
prevent  within metaeionabarice ar o 1 which
replacen otibidite, native antimony, b thiortte and the
chalvontinito.

threo distinet gangue genorations have been identitied,
A fquartes and carbonate rich gangue is relnted te tho
parly antimony phasc. A wocond goneration i aseociatoed
with +the Au=As minoralizatien, and a third barroen
vilivrouy gangue tformisd during the late ductile defar-
mation of the host,

the antimeny ore was Iocally remobilized as it can bo
seon 1illing later (ractures, '

epelel weas the Iosl phasse to precipitate at the "AY Zone.

Gliiorvab oy 2 to o, vl b ogtrapolatesd to L Y130 pgne,
T i considered that the sione struetin e regpensibile tor
The  AuwpAn miweraliszation of the "A" Jone ig aluve

]'f":“}lul'l:_}ih](\_ for the Au=Au mineralisation of the "BY Zone,

Regurding the swwrve of the varly ant fmeay, no 1irm conehuston

vatl e peenthieds AT leant thoree pesitibile seenar o ol b nonnge

drepads

3!

the mitieradieitg thubls wore comtemperateops with tes
depaiit bah eb thee Jenst Hepee sugian it s atel with the LOARE:
setvier gt bt (ot pon oD },‘,' nu”ju",- T I E TR T

i‘l I"



Pt A Ay i P oAbk R
FraMarigy ’ i
»
&
. g ! .
" ¥
' )
@ L
- Wt "
K ) P » "
. ! " N
; ' . oo
& _‘? .'_J it
,‘ s L
et ey
oL w
vy LI
1 * v
[ ¥ '
T
LI
L !
| N
"v“‘ WOECLANE  EHRiTe b P
T WURHED WRREE UMt 1 seunmie
L i ik
.‘q\)"‘ UIAKITTITE, GUASTT wacal  MATHE
ST ARGTITL, GalE) CERMITEL MATMIX
Figure 7.3: Crogs gection through the Last Hope Formation trom

the overturned Penhalonga Formation to the right way-up Penha-
longa Formation (location of the crouss section In Appendix IX}.

7.4.2 Ore chemistry, mineralogy and cmplacement

The "A" Zone mineralisation fa ohomically charactorized by an
ansociation of Au, As, Bb and Hg, While o yood correlation exista
botwenn Au and Azt the Ag daest not, show any divect correlation with
8bh or Ha,  However, 10 bos beont ftelicated that the Wy io intimately

aspioetiatend with the varly ant imony mineralisation,

A sunonary o oboervat boenns g ll’ii"l'n\:-‘-"“}ril' Al m-l:',!l"i'l:-;t'hpil,‘
el it are Pinted belows
0 Pt WAM Cone, two dpea et A Acenh mdneralisation
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it i prupuuod. that  the cambipation of the large acale
folding  the granitoid batholith intruasiong and the setanarphism
resultiing from these deformation evonts uuuid have pldynd i
uriticai role in the mobilization and the suhquumnt_cnnalizatioh
of the Au-As rich nydroihermal fluid along the *E" Zone structure
agsociated with the main thrusting ovent,. The developnent of the
regional schistosity followed the increased toelding and compres-
sional effects in the schist belt pousibly due to the intrusion of
' granitic plutensg at higher levels in the orust.  The third and
foorel deformational events oreated o series of conjugated normal
and revorse faults followed by the develapment of orenulation

vleovage widely ohderved throughout the vhele Tati schist bult.

An apparent unguiar anaonturnitbty oxists between the Pat Boy
package and the underlying quartse wacke tacies. Contacts examined
in eore intersoctiong are highly sheared and broceiated, No urde-
formed  contact betweoen  these  two houst rovks was  oboorved.
Furthermore, it bhas been obaorvesd thal Pootwatl veing belonging to
toatwall oilicitiodl guarta wacken do not orosy inte the Pat boy
pivckinge, Thene  abgervat fone indicate that the origin of the
angular contact between the Pl oy packago and the anderlying
qiarts woache anienblage 1o oot tectonio pature, Howover, the amount

ot divplacement [ unknowsn,
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T e thpdlogy of whe Jiqnatl dill oo
7.4.1  Budimentologieal yerting and lithogeochemistry.

Thore fr oowidenoe that the Tast Hope Forme - 3on sas depoosted
rallowing. an ﬁn{iif o) the umberlyims format ion. of the ol ot he
Prnhatong: ora, Thiv uplitt together with oynobronouns voloanie
activity |, eould have beon recponsibie tor che development ot oan
alluvial tan which debeashed rapidly inte o watet sady.

A stratitorm and oceaniondley divcordant pervasive catsonnae
tivation atter od the non=conseliblated gedipents ot the baet Bope
Pormatjon e woell aas the volvanie apita of e adpper Pelbadongg
Pormdabtion,  This eanggests tiat theoe flalds wore aynechronon with
the Jdepopition ot the Lant Hope Formastion and ~igrotest thieesth
Favenirabile hoota copecially porous usrts wackon, diamictiten,
Tul oot nanity, ated Jithao o] ovont oot Plivne D ikl vondin
Baaves Pwewegn gpetiesr et ond byttt el sl e v et iR iy |
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Ted Gualody or Ghoe dignat Q111 ipea
7.4.1 Padituntolegical sutting and lithegeoch mistry,

Thore ooy nibaneee that the Toat dope Popgt don wats adepoaiitod
rollowing an uplift of the underlying jormation .t the ond a1 whe
Penhalonga ora. This uplift toaether with synchronotss volcanie
activity . could hay been respunsible tar the develuprent ot an
alluvial tan which debouched rapidly iata o water boly.

A :ttﬁﬂ:i."t.ﬂ':ﬂ aml oeewdonally diseordaht porvioave warbeolies
tication artectod the non=crmgolidated dodimenrts of the Tast Bope
Formation .o well s the volvanie anito of the apper Penlvilobog
Parmation,  This cwaagists tin.it thints tiuide wors synehrojous with
the depagition ot the Last Hope Porwatijony and. sisgratnd throngh
raveurabls  anta cdpocial iy porons arte wacler,  Gbamiet phos,
tudtaceons anits, sl bitholoerional ettt Pl Dbl ononding
v bavegr apoiier ol by peatdsy o nteony srane s S0 e agth lvity

Ther geowchemintey o v wpper mesbers ol Ui Perdibobedug
Format ion sanneests an aenoombo v sl oo i ritii b b kgt e
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Major tectonism icnll.um.\.d the deposition of the rocks of the
Shamvaian Group. This was acvompanied by low to medium grade
motamorphism and eventually culminated in the intrusion of the 2.7
Ga Sesombi and 2.0 Ga Chilimanzi suite of late granites, aspecially

in the western part ot the Zimbabwe craton (Foster et al (1986a)).

Table 7.1 Zimbabwean Archacan greenstone pugcession conpared
to the Tati schiast belt .,tr'ltiqraphy (Fogter et al (1986a) and
this study).

. ZIMBABWEAN ARCHABAN QREENSTONE SUCCESSION
comparud to THE TATI SCHIS‘I‘ BELT

ZlMB a\BWi’.‘.AN ARGHAEAN GREENGTONL

TATI SCHIST BELT

Gn Gmup!Suliu nutalln

~Northors BathoMih
- Hitl Vow pluton
. Othe_r Batholithe 7

2.0 | CHILIMANZIL 1 Tonallte, @eanodiariie
2.7 [scsoMmbl t 'I‘rondh]amuo
J

| clostic soadimo nto with

" LAST HOPE Pm
voleonism falsig :

2.7 SHAMVAIAN
T UNCOHRORMITY
RENHALOKGA Em

2.7 g
uhRrER 'BPER BULAWAYO Fm . LADY MARY Fm

) FN| GRLLNSTQNL ; . N : OLD TATI Fm
LOWER ¢ LOWER BULAWAYO Fr G- LOWER OLO TATI Fm
2.9 7 ' : I MATSILOJE Fm

GREENSTONE | UBPEN VELINGWE Fm .:
_ :© LOWLR BELINGWE Fm
. UNGONFORMITY |

a5 | SLUAKWIAN | L Thu syuivmhoent was ‘

: = hat whootvud i

* [} 1

Tabibe 7.1 sliows Sl Dimbadweatt Arvhacan o venstonn ¢ ut'r'nq‘.wn
gompared  to e Tati o sovhist boelt strat fgraphy. similaritios
betwoon the Lact Uope Forsation i the shomvadian droup can b

out Lined. While st ratabound gold mineralidation is reportol te bo
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The pivot point where the horthern limb broke away and then
was pushed towards the southern limb by the intrusion of the
Northern batholith, could be located at the position of the Hill
view Tonalite. This small pluton could have intruded along the
gzone of weakness created by the pivot point.

Several other structural features suggest that a. major
tectonic event, younger than any topalitlc plutons, took place and
also contributed to the deformation of the schist belt. This is
demonstrated in the southeastern portion of the schist belt, where
chart and irqnatona nenbers of the Matsileje Formation together
with the regicnal schistﬁsity have been intensively folded (see
Appendices VII and VIIL). Considering that thse regional foliation
sz) ocecurred late in the deformational history of the schist belt,
and that the development.of the follation was contemporansous or
slightly vounger than the consolidation of the tonalitic batholiths
and plutens (Chapter 4), then a younger avent would have to be

interpreted to explain the foldinq of the regional follation.

7.3 Qorrelation of the Tati schist balt with Archaean greanstona
baelt within the Zimbabwe crateon

Fostor et al (1986a), provide a detailed deseription of the
Archaean greenstone suecession in Zimbabwe. They describe the
sucesssion as tollowa. Rellos ol metavoleanic rocks dominated by
mafice and wltramafic types with minor folsice varletics, kneown ag

the Schakwinn @roup, revresept the oldest rocks of the Archnean
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APPENDIX 1T
Specific gravity determination

Bpoeifio gravivy detorminat tollg were dote using grab camplepr fom
cronclies for weathersd material and sdoplios. from borohole 8P opd
for wmalterwsd, alterod and minevalized samples, Al sampleg wers
varnighoed with wood varnish (bo seal v poresy, A typle boam
Lalance wag uged tor wolalting the sanple in adr and in waber. '

LI W {irn)
J - W ‘Wr!fl'!‘l

A} Weatherad paggpiion

Ove samle
Sampl e Lopatian Desserrigd dom K e
- Auogt
15608 96008, 100108 Silicitiod quarts waeke  2.90 Loy )
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: CRULANE S WK,
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vi) A third barren hydrethermal event locally bepecociatod the

two previous phases,

hing  thie daba from  this  disgcseriat ion,  and incorporat img
proviously publishied informat fon, the sogquence of ooents oeaser ibeed
ahove is bolieved to be the mogt satiotactory theopy teooxplain the
geobodgy of  the  Signal Bl drea amd the assoocrated Ancas ;"?i.!.
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deposition of the lLast Hope Foroation,
iv} At Toast four stages of Gectonic detormation atiected the
Signal Hill areas,

It i proposed that the first stage was the combiaation oi
large s2ale folding, graniteid bathelith  Intrusions and the
resulting increase in metoamorphism throughout the Tati schist pelt,
This deformation event tfaogether with the Maan thrusting event and
the ;:.Ssm;_:im:ud YEY Zone otructure, could have played a aritical
role in the mobilization aid the subsequoent canad ization of the Au-
As rivh 1yrlrt.>{fhrsar.-m:1.l 1 i,

The socond distinet recognizable detormational ovent fol lowed
the ond of the thrusting event., The development ot the regional
foliation toliowed the inereascd {olding and comprossional of Tects
in the gchist bolt pogssibly due to the pntrusiion ol the granitao
plutdns at higher levels in the ot Thee third and {ourth
deformat ional pvents oreated novwal el reverse tandts o) lowed by
“the development. o the orenalation oleavaage  widely  obsierved

thioneghout the whatle oehisnt et
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CHAPTER EIGHT

COHCLUSIOLE

In the discussion ot the geolugy ot the Signal Hill area anmd
of the genesis of the complex Au-Au=ib deposits, HURMSIOUS  Cobi-

clusions can be made.
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ii) A stratiform and oceasionally discordant pervasive

carbonatization atfected the non-vonsolidated sediments of the Laat
Hope Tormation as well as  the valeanie units of the upper
Penhalonga  Formation, This suggests that these fluid:s  were

emplaced bofore the final consolidation of the Last Hope Formation,

1ii} 7The origin of the early antimony mineralization s ustill
uncertain, However, the aineralogical study shows that the
antimony ore prodates the Au=As mineralization, Thé affinity
between  Sbhoand Hgo suggests tumarolic or hot :--:;-;finq-—-ty}n! of
wineralisation rolated to nearby voleanism, Tt i0 swggested that
the oarly antipony mineralicacion s rebtated to o syngenotic, and
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APPENDIX V!
Malor and trace elements analysis of rocks from the "E" Zone structure.
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APPENDIX V (Con't)

"A" Zone surface ore samples coliected and assayed by Seltrust BotsWang in 1983..
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_ APPENDIX V _
"A" Zone suirface ore samples callected angd assayed by Seltrust Botémna in 1883..
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LEFENDBRCIV (Con't)
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APPENDIX I {Gou't)

Mitior and teaee elements aniddves of sediments from the Last Hope Formation,
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APPENDIX il (Can't)

wear and frace elements anelysis of sediments from the 1ast Hope Pormation,
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Major and trace elements

ARPENDIX H (Gon't)
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APPENDIX [l {Con't)

Maior and frace slements analysis of seditnonia from the Last Hope Formation,
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APPENDIX il

aior and trace elements anelysis of sedimaenty from the Last Hope Formath
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