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ABSTRACT 

The geology of the Shamrocke area is described relative to its regional 

setting and position within the stratigraphic succ-ession of the Lomagundi System. 

The stratigraphy in the immediate vicinity of the Shamrocke Mine is detailed and 

discussed relative to the work of others south of the pro ject area and in other 

regions. The petrography of the rocks of the Shamrocke Mine area is described 

and the results of a great deal of mineralogical work recorded . Maps of the 

project area are presented at various scales from field and photogeologicalevide·nce. 

" 

The thesis area is situated on the South Zambezi Escarpment- of Rhodesia, 

and the geology described included the basa I succession of the Lomagundi System 

and the pre-.Lomagundi Escarpment Series. The Shamrocke Mine is located on a 

copper orebody associated with a granulite or granofels zone within the Dolomite 

Series of the Lomagundi System. This ore zone granulite appears to be a metasoma­

tised calcareous grit some 1000 feet above the upper contact of the Deweras Series 

(basal Lomagundi) and, within the graphitic schist and phyllite, below a dolomitic 

horizon in the Dolomite Series. 

The Lomagundi succession in the Mine areCi unconformably overl ies the 

pre- Lomagundi gneiss and meta-arkose of the older I metamorphosed and deformed 

Escarpment Series. The basal meta-arkose, meta-quartzite and coarse schist of 

the Deweras Series ascends southwards through the Dolomite Series (graphitic phyllite 

and schist, granulite, calcareous grit, dolomite, limestone), and the Argillo;rceous 

Series (schist, phyll ite, quartzi te), the beds dipping steeply to the south 'at an angle 

of between 50
0 

and 70
0

• Post""lLomagundi plagioclase amphibolite"(altered, 

intrusive meta-diabase) forms 'Iarge semi-concordant and transgressive si'lls' thoogh-

out the area, particularly along the contact between the Deweras and Dolomite Series. 

The Shamrocke Mine is on the northern limb of a·.large· synclinal structure, 

the Rusere Syncline, which forms a large embayment of Lomagundi rocks into the 

.pre-Lomagundi gneisses and granodiorites northeasi' from the Mine. The fC)lq is 

overturned to the east and southeast. 

The copper mineralisation within the areel and in the areas to the south 

is considered to be invariably Clssociated with the basal rocks of the Lomagundi System. 

It occurs within both the DewerCls and Dolomite Series rocks and more often than not 

I ies close to the contact between these two Series. 



The sulphide mineralisation of the Shamrocke orebody is considered, from the results 

of the present study I to be metasomatically emplaced during carbonate metasomatism" 

either from an extraneous source or from within the ore zone rock itself 8 The 

present writer favours the origin of the copper sulphide to be original syngenetic 

sulphide of the basal rocks of the Lomagundi depository I which has been mobilised 

and metasomatically relocated, possibly by the effects of regional metamorphism 

related to intense deformation 0 It is perhaps not fortuitous that the majority of 

the copper occurrences in the area occur where the base I beds of the succession 

have been cross-folded. The copper ore comprises a simple suite of minerals, 

the main .. constituents being chalcopyrite, cubanite and pyrrhotite. 

The deposit is compared relative to the other copper deposits of the 

Lomagundi System 0 

... 
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INTRODUCTION 

Location: The Shamrocke Mine is situated in ,the Urungwe District in the 

northern part of Rhodesia at the confluence of the Angwa and Nyashiri Rivers some 

35 miles northeast of Karoi (Latitude 16°25' south and Longitude 30
0 

east) I' The 

Angwa River is one of the major rivers dissecting the south Zambezi Escarpment 

and flows through the broken country typifying that escarpment and the Shamrocke 

area. (See Figure lA and B). 

Historical Review: The Shamrocke copper orebody was discovered in 1958 

by an African prospector who introduced it to Nyashiri Copper (Pvt.) Limfted, 

a local prospect company. That company pegged 15 blocks of claims over the 

area. Rand Mines Rhodesian Exploration Company (Pvt ,,) Limited investigated the 

claims from 1958 to 1961" and incl uded in th is exploration both detail ed and 

reconnaissance work over some 500 square miles of the South Zambezi Escarpment 

(Exclusive Prospecting Orders Nos .. 80 and 81)", Panchromatic aerial photography 

wa s carried out over the E (l P '" 0" areas at a scale of 1 : 30,000 and the photography 
, 

mosaicked. An aerial geophysical survey was flown over this area utilizing 

magnetometric and radiometric methods (scinHllometer)" Following initial 

trench ing and sampl ing.va drill ing programme commenced in May 1959 and by 

December 1960 a total of 42 boreholes comprising some 40 1 000 feet of drilling 

was completed D The deepest borehole in'tersected the orebody at a dip distance of 

2,,400 feeL Prospect mining commenced in January, 1960 with an adit drive into 

the hillside along the strike of the orebody, with cross=cuts and underground diamond 

drill holes probing horizontally across the orebody at regular intervals., Vertical 

boreholes were drilled from the hongingwall side of the cross-cuts to intersect the 

orebody below the adit level.. Two shallow winzes were sunk from oUi-crop to 

connect with the adit drive and to explore the orebody below adit level to some 300 

feet below surface. The underground development explored a strike length of 

1200 feet and all workings were surveyed, geologically logged, and sampled .. 

A total of 4492 feet of underground developmen-t was completed and 40 underground 

boreholes were drilled totalling 5/ 074 feet. 

Detailed geological mapping on a traverse grid was undertaken over the 

Shamrocke claims, augmented by geochemical soil sampling .. Geological mapping 

and geochemical s'tream sediment sampl ing was undertaken over some 150 square 

miles in the immediate vicinity of the Mine and northwards~ 

Rand Mines Rhodesian Exploration Company (PvL) Limited did not exercise 

their option to purchase the property" The Lonrho Group then obtained 'the "I~ 

~t 



control I ing interest in the claims and have held this interest until the present 

time when they are currently developing the mine for production" 

The Present Study 

2" 

The writer was privil eged to be a member of the Rand Mines Rhodesian 

Exploration Company's geological team which investigated the Shamrocke deposit 

and E e P .. 0 8 's 80 and 81 from 1959 to 1961" During this exercise he personally 

mapped the area southwards of the Mine to the Deta River and west of the Angwa 

R j4ver; and the eastern two-th irds of the area north of the Mine shown OD the 

geological maps of the Shamrocke Area (Figures 5 and 6).. The writer was 

closely concerned with the drilling and underground development programmes, 

logging the maJority of the boreholes and some of the underground workings. 

The geological maps as presented have been upgraded by subsequent 

information from the present study and augmented by photogeological analysis .. 

The photogeological analysis was carried out using recent (1965) 1 : 25,000 

panchromatic aerial photographs of the Rhodesian Surveyor General's office, and 

covered the area from Chidwara in the south t following the basal rocks of the 

Lomagundi System, accommodating the extended tongue of the Rusere Syncline 

and westwards through the Shamrocke Mine and again northwards to the Mukwishe 

River ~ This study included the detailed stereoscopic annotation of the photographs 

of aU aspects of the geology with special emphasis on the structure. The 

photogeological map presented extends northwards from Ch idwara" 

The petrograph ica I and mineralogica I study of the rocks of the Shamrocke 

Mine included the preparation and examination of upwards of 250 thin sections 

and 23 polished sections. Microscopic study incl uded extensive use of the 

Universal Stage in the examination of the plagioclase felspars and amphiboles, 

and laborious measurement of the refractive indices of the amph Iboles by oil 

immersion methods" Staining techniques were tlppl ied ,to distinguish between 

quartz-orthoclase .... plagioclase and between calcite and dolomite .. A small number 

of reflectivity measurements were done on the polished ores. Three full 

silicate analyses were undertaken (one by the writer). 

The detailed field examination of the Shamrocke deposit, together with 

the geological mapping, was carried out over 20 months; approximately 6 months 

were spent at Rhodes Un iversity studying the petrography and mineralogy; and the 

consideration of the resul ts and the preparation of the thesis has been undertaken 

sporadically to date. 



3. 

PHYS IOGRAPHY 

Topography 

The Shamrocke area comprises well dissected country of the South 

Zambezi Escarpment in the northern part of Rhodesia. The South Zambezi Escarpment 

is generally well dissected by rivers flowing towards the Zambezi valley floor, 

producing a young relief along the escarpment between the mature rolling plains 

of the Karol-Miami area and the Zambezi valley floor itself. The rivers in the area 

• are sufficiently deeply dissected to produce topography of steep V-sh"aped valleys 

and narrow ridges. This terrain is very difficult to traverse, access by vehicle being 

impossible without road construction and access on foot is made difficult by the 

steep relief and rubble-covered slopes. 

Drainage. 

The main river in the area is the Angwa River flowing approximately 

north-south, joined by the other major rivers; from the east the Deta in the southern 

portion of the arec, the Nyashiri River at the Shamrocke Mine, the Mukwishe River 

immediately north of the Mine, the Chidpra River and the Maura River at the 

northern extremity of the project area. From the west the Rukute River flows into 

the Angwa north of the Mukwishe-Angwa junction, and the Chituhwe River joins 

the Angwa towards the Maura-Angwa confluence. Besides these major rivers small 

streams and gullies are ubiquitous throughout the area. The Dete River in the south 

tends to meander slightly in a wide more mature floodplain valley, while the other 

rivers of the Ciea show a V-shaped valley ~ection, of young relief. The rivers west 

of the Angwa River flow generally east-northeast toward the Angwa and the 

escarpment edge while those rivers east of the Angwa tend to flow in a northwesterly 

direction. 

Soils 

The soils in the immedite vicinity of the Shamrocke Mine and southwards 

and south-eastwards from the mine (occurring on the metamorphic terrain of the 

Lomagundi System) are generally greyish and reddish-brown clayey loams and sandy 

loams, fine-gr ained and somewhat sil ty ~ The soils found on the Escarpment Series 

""~ 
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rocks north of the Mkwihi Hill are shallow lithosols, usually very stony and on steep 

slopes. North of the Moura River the soi Is are sandy, usually with heavy textured 

sub-soils with low inherent fertil ity 0 

Access 

eo 
As previously discussed, access by veh~e is impossible without road 

construction. Access on foot is hampered by steep rubble-covered slopes and deep 

gullies. Heavy vegetation in the gully areas in the summer make access difficult, 

whereas in the winter the vegetation becomes very sparse Clnd movemeqt through the 

area is somewhat easier. 

Vegetation 

South of the Moura River and in the Shamrocke area the vegetation is 

typical of the South Zambezi Escarpment from the project area through the Kariba 

area to Livingstone (northwest of Wankie in the ~f2Istern part of Rhodesia). The 

vegetation can be described as Escarpment Woodlands or Brachystegia, usually 

with a high proportion of B. Boehmii or B.AlleniL Northwards from the Mauro 

River there is a narrow tract of country populated by the Commiphora ... Combretum, 

which passes outside the project area to the north, and into the typical volley floor 

vegetation of thickets of Bussea .... Combretum .. 

Rainfall and Temperature 

The mean annual rainfall of the area is between 24 and 32 inches 

per annum, which is similar to the greater part of central Rhodesia. The seasonal 

variation of the rainfall is such that it has its peak during November - December .... 

January .... February and shows a 150/0 to 20% variation. The annual mean temperature 

is approximately 75 of with the mean maximum temperature in October, 900 to 

9SoF, mean maximum temperature in July 7"J'iJ to 81°F and mean maximum tem·perature 

in January 81 0 - 860 F. The relative humidity shows a mean average of 60 ... 650/0. 

The wind direction is generally from the northeast. 

Population 

There is a small settlement at the Shamrocke Mine which comprises a 

European mining community and African labour compounds.. Outside this mining 
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. community there is a very low Afri can population. Within the study area there are 

. African villages CIt Rusere, east of the Mine and east of the Angwa River; a small 

Icnely set'f'iement on the Angwa River immediteiy north of the Angwo"""Mukwishe junction; 

a very minor settlement in the Bedzuanga area and a very small settlement on the 

Maura River. Both sou,theast and west of '~he S hamrocke Mine area the Afri can 

population increases, both in theUrungwe Reserve towards Miami and in the 

European areas southeastwards towards Domo. The Afri can langua~es spoken in this 

area are both Shona and Sana. The Shamrocke area is intermediate to both these 

language groups.. Shona being' spoken both sou,th and west from the Mine and 

Sena to the north and east ~ .... 

WUd Game 

The study area is surprisingly devoid of natural game 0 The South Zambezi 

Escarpment area generally has little game, due mainly to the lack of water in the winter 

season. Originally the area was cleared of game by shooting by the Game 

. Department ,for tsetse fly eradication. Elephants are found in the Dete and Moura 

vaney areas, with som'e small and large antelope throughout the area .. Lion are 

encountered north of the Mukwishe River and in the Rukuti River area. The area 

now forms part of the Urungwe and Zambezi Game Reserves. Northwards from 

the Mukwishe River Tsetse fly occur; to the east of the Angwa River this species is 

generally Glossena MorNsans, and west of the Angwa Glossena Pollidipes~ 

Climate and Health 

The climate in the winter season is dry and extemely pleasan't, with 

warm days and fairly cold nigh'ts 0 There is very I ittle rain in the winter period. 

The summer season is extremely hot, humid and unpleasant .. If' is pertinent to note 

,the advantage of camping on the higher ground away from th~~.rivers~ Precaution 

against malaria in the summer season is imperativeo The rivers of the area Cire 

bilharzia infesfedo The African population are f.ar from healthy, with the majori·ty 

suffering both low fever from malaria and infected by bilharziao 

·f;":~ 

..r~ 
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NOMENCLA lURE 

A brief discussion of the nomenclature used in this thesis has been 

.. prompted by the rather difficult task of assigning a name and origin to the 

even'...,grained granoblastic and sometimes porphyroblastic felspar-biorite rock 

60 

of the ore zone.. This rock has a groundmass fabric of granoblastic anhedral crystals 

of plagioclase felspar I with generally some anhedral to subhedral biotite crystals 

scattered throughout.. The quartz content of the granoblastj·c fabric of these rocks 

of the ore zone is a Iways less than 60/0, and porphyroblasts of amphibole (horn .... 

blen~e, actinolite, cummingtonite, anthophyl.lit~) sometimes occur" This rock 

. can be highly calcareous D Careful consideration has indicated that the most 

appropriate names applicable to this rock are "granulite" and Ilgranofels". The 

former term has been accepted in this thesis, due mainly to the fact that this term 

has been used from the inception of the investigation of the Shamrocke deposito 

The very low quartz content I the absence of orthoclase and the predominance of 

plagioclase felspar makes the rock type relatively unique. This "granu lite ll 

may be considered to be probably metasomatised and altered calcareous grit or 

impure felspathic marl: A possibility is that it could be an altered tuffaceous 

material from acid vulcanism" The term Ilgranulite" as used in the thesis in no 

way implies grade of metamorphism .. 

Granulite: 

Schist: 

The foll~wing definitio~s are pertinent to the text :-

An even-grained pink to grey granoblastic felspar 

(plagioclase) - biotite rock, very often calcareous, 

with generally less than 60/0 quartz wi thin the ore zone" 

This rock,outside the immediate vicinity of the ore zone, 

contains more quartz.. Amphibole porphyroblasts 

often occur (hornblende, actinolite, cummingtonite, 

anthophyllite.. No orthoclase appears to be present" 

Strongly schistose, often graphitic, usually well lineated 

rock, where the slightly coarser grain size makes the rock 

less compact and less fissile than the phyllite. Biotite 

is abundant 1 the biotite crystals at times being conspicuously 

sub-parallel, this orientation giving the rock a linear 

schistosity.. Amphibole porphyroblasts sometimes occur 

together with elongated granular quartz-felspar porphyro­

blasts (segregations or pseudomorphs).. The groundmass 
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Ph¥lIite : 

Meta -Arkose: 

• ':--I~~~ "..;::'!i ... ~~~~.. 1 

comprises generally phanerocrystalline plagioclase felspar 

and quartz. 

A fine""'grained and compact, often graphitic1 schistose and 

fissile rock, exhibiting a fine-grained almost aphanitic 

7. 

groundmass. Biotite is again abundant and amphibole porphyroblasts 

are common. The biotite often gives the schistosity surfaces a 

lustrous sheen. 

A feJspathic metamorphosed, in part reconsihrted arenite, 
..... 

fairly compact in fresh specimen and sandy on a wecrthered surface. 

Meta-Quartzite: A hard compact (at times glassy), reconsti,tuted quartzite, often 

micaceous. 

Gneiss: A coarse"'grained irregularly banded rock in which the schistosity 

is rather poorly defined due to the preponderance of quartz and 

felspar over micaceous minerals. In places highly amphibolitic. 

Possibly original arkosic arenites Clnd argillites. 

Plagioclase Amphibolites: A metamorphosed intrusive igneous rock, possibly diabase, 

Limestone: 

Dolomi,te: 

.t.:·~_· •• (:'; ~<" 

where the assemblage hornblende-plagiodase is diognosti c~ 

Sometimes weakly schistose due to the parallel alignment of / 

hornblende and biotite. Occasionally cal careous, particularly;/ 

where they intrude limestone and dolomite ~ 

Highly calcareous rocks with a high proportion of calcite. At time 

the limestone can be very impure with felspar, quartz and amphibole 

conspi cuous. The dolomite mineral seldom occurs in the limestone ~ 

The limestone can be highly silicic. 

Usually comprises almost entir~ly dolomite, which is often pinkish 

in colour. Can be siliceous and impure wUh very abundant 

hornblende and tremolite-ac'ti noli te • 

:;: 

;~ 
..'fIr(~ .', 

'-',. 

, " 

.:'-; 

.~ 

" 

'< 
.~; 

~. :.,\ 

: I'; 

.', 
~{ .. 

" 

f 

.oi~ 

t 



'1,\ 

' .... 

LOCATION MAP 

SCALE I: 8,000,000 

30° 

Zambia 

rh,SHAMROCKE 
~ MINE 

- Miami ' 

Mozambique, 
, I 

,I 

KAROl- I - MANGULA 

- SINOIA 
• Alaska 

• SALISBURY 
I 

RHODESIA 

20° 

Botswana 
,~ ,1 

R.S.A. 

~ 

:';;:"f -~':':; 

',' 

"-.." 

'.~,~~ 

, ~J 
, "~1 

'~ 

·'4 
, .~ 

'> : .... 

"." 
~ ':"' 

- " 

,'';' 

t,' 
, , 

" "~ 

;,:1 

i 
~ 

l . :$' 



----
---

. l
 

~ 

. t
 

/ 

'-
. 
'-' /

 

c 

J
~
-

\ ._.
""

" .
/
 

(j
')

 
(
)
 

1>
 

r rn
 

~
 0 0 _
0

 
0 0 0 

r 0 0 l>
 

-I
 

0 Z
 

~
 

l>
 

-0
 

... (I
) N
 



1c., 

PLATE 1 . 

The Shamrocke Main Outcrop, a gossanous weathered 
granulite with malachite staining. 
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A.l. GEOLOGICAL SETTING AND REGIONAL STRATIGRAPHY 
i 

OUTLINE OF THE GEOLOGY 

The project area I ies at the northern fringe of the Rhodesian craton and 

against the southern margin of the Zambezi mobile belt. 

The Zambezi mobile bel t is an east-northeast trending zone of 

me'tamorphic tectonites extending from Botswana in the southwest across 

the-northern part of Rhodesia and southern Zambia; and the Zambezi belt and 
... 

8. 

the Mozambique metamorphic belt intersect one another, in a complex config­

uration in the Tete area of Mozambique. The Zambezi mobile belt has undergone 

numerous tectono-thermal events, but is generally considered older than the 

Mozambique bel t .. 

The series of qvartzo-:"felspathic gneisses, amphibole gneisses, meta­

quartzites, amph ibol Hes and limestones constituting the Escarpment Series 

north of the Shamrocke Mine are the probable products of this tectono-thermal 

metamorphism, and qre most likely a metamorphosed and deformed early 

Precambrian ~upracrustal sequence of an early Zambezi trough .. 

The Lomagundi System is a probable cover sequence to the Zambezi bel t 

t'ectonHes along the northeastern edge of the Rhodesian craton. It is difficult 

to reconstruct with any measure of confidence the Lomagundi "basin" I relative 

to ,the mobile belt/craton edge environment. It does however appear reasonable 

to assume that the Lomagundi sequence was indeed a cover sequence to the 

01 der mobile bel t terrain l now exposed against the craton edge , and that the 

deeper-water facies of the Lomagundi sequence dip below the Karroo sediment 

further into the Zambezi trough.. Another and perhaps less likely possibil ity 

is ,tha't the shallow to moderately shallow water sedimentation with which the 

Lomagundi rocks could be associated may have ~covered large portions of the 

Rhodesian craton, and which was eroded away I and deformed in the northeast by 

uplift and warping caused by the events in the Zambezi belte 

Southwestwards the basal succession of the Lomagundi disappears below 

Karroo rocks and may pass beneath 'these southwards to reappear in the Wankie areal 

or even further southwes't in Botswana 0 Basement "h ighs" in the original depository 

may cause small areas of basal rocks of the Lomagundi to occur I e.g' l in the 

Umniati River area and perhaps in the Wankie area. The Wankie (Gwai River) 

area may however be the actual exposed edge of the depository. 

'>i~ 



Figure 3 
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SKETCH MAP OF THE GEOLOGY OF THE 

LOMAGUNDI SYSTEM BETWEEN THE SANYATI­

ALASKA ARE.A AND THE SHAMROCKE -M1NE 

(After the provisional Geological Mop of Rhodesia 1971) 

SCALE - 1 :1,000,000 
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The Shamrocke orebody I ies towards the base of the Lomagundi 

System on the northern I irnb of the large Rusere Syncl ine, forming a large 

"embayment" of basal Lomagundi rocks wedging into the older rocks to the 

north and east of th is northeast corner of the northern part of the Lomagundi 

geological province. 

The base of the Lomagundi System in the thesis area is the Deweras 

Series, comprising largely meta-arkoses, metaquartzites and conglomerates. 

Tlie Deweras Series overl ies the 01 der Basement Compl ex of biotite gne is-s 

(distinctly granodioritic) and granite to the east of the Shamrocke area, and 

the meta-arkoses and gneisses of the locally named Escarpment Series to the 

north. Around the extended tongue of the isosyn d ioolstructure of 

Lomagundi rocks in the extreme northeast, the pre-Lomagundi Basement 

meta-arkoses and gneisses of the Escarpment Series appear to grade gradually 

into the unfoliated granodiorites southwards, with what could be em increase 

in the degree of graA itisation and migmatisation. 

Overlying the basal Deweras Series of the Lomagundi System is the 

Dolomite Series, comprising graphitic biotite schist and phyll ite, granul ite 

and calcareous grits, dolomite and amphibolite. It is towards the base of 

the Dolomite Series that the Shamrocke orebody is located in a Ilgranul ite" 

9. 

or I1granofelsl1 within graphitic schist and phyllite. The Argillaceous Series 

over) ies the Dolomite Series conformably and comprises muscovite, biotite and 

graphitic phyllites, schists and slates, with subsidiary arenaceous beds, generally 

comprising blocky compact sandstones and quartzites" 
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An historic occasion'" Prospect Mine Bossboy, Kadzini, lights up 
th~ first bla$t at the Shamrocke No. 1 Prospect Adit . January, 1960. 

2B 

The No.1 Prospect Adit Portal Area, showing compressor, store and 
the 9rowing separate ore and waste dumps in left foreground. 
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PREVIOUS WORK 

Fe P .. Mennell (1910) described a sedimentary series of rocks in the 

Sinoia area and subdivided these into a Lower Conglomerate Series and an 

Upper Sinoia Series.. Molyneux (1919 p., 9) further described these rocks and 

proposed the name Lomagundi System for the thick sedimentary sequence west of 

the Hunyani Range. (Maufe (1919) discussed these rocks in his presidential 

address to the Geological Society of .South Africa.) Maufe, Lightfoot and 

Molyneux (1923) mapped and described the geology west of Sinoia and in 

1931, Macgregor continued the use of the term Lomagundi System in describ­

ing the geology in the Molly! Norah and Umboe cia ims area. 

... 

Macgregor (1955) elevated the Deweras Series to the level of II System ", 

a nomenclature used by Hitchon (1958) in his mapping at Kariba. 

J. G. Stagman (1959) described in great deta iI the Lomagundi Sys'tem 

1 O~ 

in the Urungwe and Lomagundi Districts in a tract of country between the Hunyani 

and Angwa Rivers from 16
0

45 to 17
0

00 south latitude. In 1959, Rand Mines 

Rhodesian Exploration Company (Pty.) Limited examined two exclusive 

prospecting orders (EPO's Nos. 80 and 81) covering some 500 sq. miles in a 

belt approximately 7 miles wide from Rusere in the east along the Zambezi 

Escarpment as far as the Sinoia-Ch irundu Road in the west. 

During 1960 and 1961, D. Workman of Leeds University, working on a 

Ph. D" thesis with the Research Institute of African Geology, mapped the areo from 

Mkowi no'rthwards to Rusere,' dest"ribing th~ geology· from the granites and gneisses in 

tlie east! wes twards to the Angwa River. H is Ph .. D. thesis, submitted in 1961, 

dosed the gap between the rocks of the Rusere area and the area mapped by 

Stagman.. In 1961, Workman again visited the area and mapped the tight tongue 

of the Lomagundi System in the nose of the Rusere Syncl ine, from Rusere towards 

the northeast· and a long a portion of the northern I imb of the syncl ine towards the 

Angwa River.. He presented h is findings as two short papers in the Seventh 

Annual Report of the Research Institute of Afr·ican Geology I Session 1961-1962 .. 

J .BaK. Jacobsen presented em M.Sc .. Thesis in the Geological 

Department, University of the Witwatersrand in 1962, entitled liThe Geology of 

the LomaQundi District ll 
0 Jacobsen (1962) discussed the Lomagundi System 

between the Umful i R rver near Hartl ey in the south and Mkc:wi in the north, an 

area north of the area described by Phaup and Dobell in 1938 and covering the 

same area as described by Stagman (1959). In th is thesis a new subdivision of 

,the Lomagundi System was suggested by Jacobsen, which in part could be considered 

revol utionary. 
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PLATE 3 

3A 

View along the Nyashiri Meta-quartzite ridge (foreground) with 
Mkwihi Ridge in background, the latter comprising largely Deweras 
Series Meta-arkose and schist. 

3B 

Shamrocke Camp and Prospect Adi t .area (1960) taken from Nyash iri 
Ridge across the Rusere Sync I ine to Ch idwara . 
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PLATE 4. 

4A 

{O 

Portal to the No. 1 Prospect Adit (Apri I 1960) in the footwpll 
graphitic schist and phyllite. 

4B 

'" 

Face of the advancing Main Adit Drive showing the dip of the ore -
body at 600 to the south. A band of dark graphitic and partly schistose 
granvli t~ is seen between coarse whi te cal ci te on the hang i ngwall side 
and pink calcareous granulite. The coarse sulphide mineralisation can 
b~ seen glinting in the light. 
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PLATE 5. 

5A 

'Oc 

Typi cal, grey-pink biotite granui He of' l'he Ore Zone " 

5B 

'" 

The coarse porphyroblasti c fe !spm"""(omphiboi<? rock"" vel,,}' oHen 
found at contact between granu i He and footwai! t1nd hang a ngw01 ~ i 
schist and phyllite. 



In 1966, D" Workman publ ished further thoughts on the metamorph ism 

of 'the Lomagundi System in the Northern lomagundi District., 

The present writer has attemiited to correlate the various rock types 

of the Shamrocke area stratigraph icaily with the work of Workman, Stagman and 

Jacobsen., Because of lack of famil iarity with the Lomagundi System south of 
o 

latitude 16 45 1
, no attempt his been made to discuss critically the stratigraphic 

11 . 

sequence and correlaHon pu·t forward by the various writers.. Instead, the sequence 

and correlations of these writers are discussed relative to the position of the 

Shamrocke rocks in the Lomagundi sequence, in order to indicate the position of 
"-

the Shamrocke orebody relative to other copper occurrences within the Lomagundi 

System 0 

REGIONAL STRA TIGRAPHYo 

THE LOMAGUNDI SYSTEM 

A Discussion on the Correlation of the Lomagundi Stratigraph ic Sequence 
of Various Writers 0 

The suggested stratigraphic sequence and correlation of the rocks within the 

Lomagundi System are given in Table 1 0 Here the subdivisions suggested by 

Jacobsen, Stagman and Workman are shown together with the subdivision suggested 

by the writer for the Lomagundi System from Rusere to the Mukwishe River '" 

The work by Jacobsen (1962) and Stegman (1959) describes the geology from 

the Umfuli River immediately west of Hartl ey in the south to Mkowi some 15 miles 

north of Mangula G Workman's work describes the country from just north of 

Mkowi to north of Rusere and around the northern I imb of the Rusere Sync! ine to 

the Angwa River.. The present project area follows th is northern I imb of the Rusere 

Syncl ina across the Angwa River in a westerly direction, curving gently northwards 

towards the Mukwishe River «> 

For many years the recognition of the basal beds of i-he Lomagundi System 

has been discussed by·various writerso In '1931, Macgregor suggested that the grarAHe 

east of Mangula pre-dated the Lomagundi System,and that the conglomerate at 

the base of the arkoses along this contact must be the base of the Lomagundi S~ist~m" 

Stagman (1959) suggested that this granite east of Mangula could in fact be em 

older pre-Lomagundi granite rejuvenated and intruded in part into the LomoDundi 

System" This led Stcigman to accept the arkoses and conglomerates as the basal beds 
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of the Lomagundi System in this area (his Eastern Facies) and placed these 

rocks as the Basal Group of his Arenaceous Series, pointing out at the time 

that these rocks are the equivalent of the Upper Group of the Deweras Series 

as described by Phaup and Dobell in the Lower Umful i area (1938) 0 In 1961 

S'tagman re-assigned these rocks to the Deweras Series overlying ,the basic 

amygdaloid of that series, at the same time suggesting that this be caHed the 

Deweras Series. Vii joen (1961) and Jacobsen (1962) suggested that ,the 

Mangula gran ite was intrusive into and not pre-Lomagundi, and that its 

occurrence therefore does not prove that the arkoses at Mangula are baS€lI 

12. 

beds. Jacobsen, (1962) by copious sampling and detailed study of the mineral 

assemblages, showed that this conglomerate against the Mangula granite was 

dissimilar to the till ite at the base of the dolomite further east, and accepted 

th is till ite as the base of the Lomagundi System. Jacobsen further suggested 

that th is till ite was in fact the conglomerate at the base of the Upper Group of 

arkosic sediments of the Deweras Series of Phaup and Dobell (1938)". and 

concl uded that the L-ower Group of amygdaloidal greenstones of the Deweras 

Series, below a marked unconformity, was pre ... Lomagundi and he furthell' suggested 

the elevation of these greenstones with their basal conglomerate to the status 

of Deweras System. 

The suggestion by Jacobsen that the till ite at the base of the dol om ite is 

in fact the base of the Lomagundi System led to a major deviation from ,the 

accepted sequence, showing the dolomi,te of his Dolomite Series older than his 

Arenaceous Series, which in turn he correlates in par't with the Deweras Series 

of Stagman and Workman., Jacobsen has shown very cl earl y h is reasons for th is 

correlation and he did a great deal of detailed mineralogical s,tudy to compare 

the conglomerate and tillite. By suggesting this Dolomite Series to be older than 

his Arenaceous Series, he had to expl ain the existence of dolomites eas't of the 

Arenaceous Series in the west of his map by su~gesting a large synclinal structure 

with thrusting at its western limb" Stagmanls map (1959) shows the dolomite 

to be younger than the arkoses; these arkoses t being equivalent to Jacobsen!s 

Arenaceous Series, must suggest a large anticline to explain the dolomites lying 

east of the arkoses. These two interpretations are in confl Bet". and al though 

Jacobsen has put forward a detail ed study of the structure of the area, wHh much 

sound reasoning, the idea tha't the dolomites could be older than the arkose and 

conglomerate at the base of h is Arenaceous Series, wh ich the present writer 

considers to be Deweras Series, simply cannot be fitted into the structure and 



stratigraphic sequence evident northwards, west of the granites and gneisses 

at Rusere, and in the Shamrocke area. 

130 

The newly publ ished Provisional Geological Map of Rhodesia (1971) shows 

the base of the Deweras Series well against the Angwa-Mukwishe River confluence 

north of the Shamrocke Mine and describes the terrain from the Mkwichi Hill 

northwards to the Mukwishe River as Deweras rocks.. The maps presented in this 

thesis are not in entire agreement with the official geological map and it will be 

interesting to see what further work in the area suggests. 

This somewhat lengthy discussion of the base of the Lomagundi System is 

most relevant to the stratigraph Ie position of the Shamrocke orebody within the 

Lomagundi System. The meta-arkose and sch ist immedia tel y north of the Nyash iri 

Ridge and between the Dolomite Group and the older Escarpment Series, has been 

correlated by the present writer with the upper part of the Deweras Series of Workman 

(1962) and the upper part of the Arenaceous Series of Stagman (1959) I as shown at 

the northern edge of his map on Wolverhoek Farm (Upper Deweras Series in his 1961 

subdivision). Accoraing to the sequence of Jacobsen these rocks would be at the base 

of the Arkose Stage of his Arenaceous Series, and the Dolomite Series, with which 

is associated the Shamrocke orebody, would then be equivalent to Jacobsen's marl 

and sil tstone of the upper portion of h is Arkose Stage. 

After careful consideration, it has been decided to accept the subdivision 

of Stagman and Workman and to accommodate the rocks of the Shamrocke area 

with in a modification of that subdivision ~ I t is not claimed that Jacobsen' s inter~ 

pretation of the sequence is incorrect, as the experience of the present writer in 

the Mangula and Sinoia areas is I imited. The age of the Dolomites can, however! 

only be accepted as younger than the Deweras meta-arkose from the evidence to 

the north. 

Overl ying the Deweras Series and separated from it by what has been 

described by Stagman (1961) as a maior uncon,formity in the south, and a minor un­

conformity in the north, I ies the Dolomite Group or Series as termed by Stagman (1961) 

Workman (1961) and the present writer. In Workman's 1961 work, he differentiated 

a Lower Dolomite Group overlain by a Main Quartzite Group of an Arenaceous 

Series, and immediately above this, he put his Dolomite Group as the lowest 

member of his Argillaceous Series. Subsequent to his detailed mapping of the north­

eastern portion of the Rusere Syncl ine, he in 1962, placed this group of meta­

morphosed dolomite and schists in his Argillaceous Series$ 



The slatesg quartzites and Mountain Sandstone above the Dolomite 

Group towards Mangula are considered to be the upper portion of the Upper 

or Argillaceous Series by Stagman (1961)g Workman (1961)11 and the present 

writer. Jacobsen has again deviated from tho s accepted sequence and 

considers these rocks to belong to a younger system! his Hunyan i System 0 

Jacobsen poonts out that these rocks appear everywhere unconformably on 

either the Argillaceous or Piriwiri Series, and are not cut by post..,Lomagundi 

igneous intrusions" He also considers these rocks to have been dep osited 

subsequently to the deformation of the Lomagundi System ~ The area ... 

where Jacobsen described his Hunyani System is well south of the Shamrocke 

140 

area and is west of the area mapped by Workman., This younger Hunyani System 

may exist in the type area, but similar rocks immediately south of the Shamrocke 

Mine show no discernible unconformity between them and the Dolomites Series lI 

and in the Shamrocke area! these rocks are cut by large transgressive plagioclase 

amph ibol ite intrusives of the post ... Lomagundi type. 

Th@ problem of the relative age of the Piriwiri Series remains,. As 

these rocks lie well to the south of the area under discussion here, no opinion can 

be expressed. It can only be stated that Workman (1961 and 1962) and Jacobsen 

(1962) have considered this series to be the youngest member of '~he Lomagundi 

System, while Stagman (1959 and 1961) and Wi! es (1961) consider the Pirlwiri 

rocks to be pre .... Lomagundi q Wiles preferring 'to classify them as ,the Piriwiri 

System. 

The Table of Formations of the recently published 1 : 11 0001 000 Provisional 

Geological Map of Rhodesia (1971) accords ,the LomagundH, Deweras and Piriwirl 

rocks separate designation as either System or Group and restricts the term "Lomagundi" 

to a System or Group comprising striped s~ates and minor quartzi'tes of an Argi!"'" 

laceous Formation and dolomites 'and ortho,quartzHes of a calc=orenaceous 

formaHon .. 

i 

~ 
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TABLE 2. 

THE STRATIGRAPHIC SEQUENCE IN THE VICINITY OF THE SHAMROCKE MINE 

J PLAGIOCLASE AMPHIBOLITE 
(META DIABASE) 

us I PIRIWIRI PHYLLITES (51 AGMAN) 
UPPER SHALES (WORKMAN) 

Deta Schist 

Deta Quartzite 

Mi caceous Phyll ite, Schist, 
Sandstone and Quartzite. 

POST LOMAGUNOI 
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(Upper) 
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• Ulne) & Calcareous Grit 
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The Stratigraphic Sequence in the Shamrocke Area as suggested by 
the Present Stud¥,Q 

For the purpose of the present study f the Lomagundi System is 

considered to be divided into three Series ~ The lowest Deweras Series 

overl ies the pre-Lomogundi Basement rocks unconformablyo The sequence 

ascends through the Dolomite Series and the Argillaceous Seriesq 

(0 The Deweras Ser ies 

The Deweras Series comprises mainly metamorphosed Qrkoses 

with occasional conglomerate beds. The conglomerates have 

been recogn ised eastwards and southwards from the Shamrocke 

Mine, one near the base and one near the middle of the Series" 

Arenaceous mica-schists, hard compact meta-quartzite and 

15 ~ 

sch ists occur ~ The meta.".arkoses are generally compact and 

granular .. The meta-volcanics found eas't of Mangula and in the 

soutbern areas west of Hartley are apparently absent in this 

northern area, unless some amphibole schists and/or granulites are 

ever identified as acid tuffs ~ 

(ii) The Dolomite Series 

The Dolomite Series l which in places towards the base has a 

narrow band of hard compact meta-quartzite, comprises largely 

graphitic, dolomitic and calcareous schist and phyll ite .. Large 

dolomite and cal ci,te bands are common and in places the dolomitic 

rocks form large expanses of country, as in the extreme northeast 

within the Rusere syncline~ Calcareous grits occur within the 

graphitic schists and these are in places metamorphosed to a grano­

blastic grey-pink felspar, biotite "granul ite ". The uppermost 

band of dolomitic rock is constdered to be the top of this Series .. 

(Hi) The Argillaceous Series" 

This Series extends southwards and westwards beyond the Angwa"", 

Data River confl uence and makes up the greater part of the Loma­

gundi System. Stogman in 1959 subdivided this Series into Striped 

Slates and the Piriwiri Series $ In this northern Lomagundi province, 

it has been accepted by some observers that these Argillaceous Series 

~. 



PLATE 6. 

6A. 

a~nded Amphibole Gneiss of the Escarpmen <~ Serfies northwest 
of Angwa ~M.Jkwishe Ri ver confl uence. 

68. 

Deweras Series Meta-arkose southwest of the Mkwihi Hill 0 
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PLATE 7 

7A. 

Nyashir! Meta-quartzite outcr?fping on the Nyashiri Ridge and 
dipp ing steepl y, 70 to the South. 

7B. 

Outcropping boulders of Plagioclase Amphibol ite on a rise south 
of the Shamrocke Mine . 
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rocks extend to the top of the Lomagundi Series. Many workers 

consider the Piriwiri Series to be part of the Lomagundi System. 

In th is area, the Argillaceous Series consists of micaceous and 

graphitic schists and phyll ites, with sporadic development of white 

to buff-coloured compact sandstone and quartzite which form blocky 

outcrops. Alternating schists and quartzites at the confluence 

of the Deta and Angwa Rivers cou I d be referred to I oca II y as the 

Deta Schist and Quartzite Group within this Series. 

... 

THE ESCARPMENT SERIES 

Northwards from the Shamrocke Mine, and underlying the rocks of the 

Lomagundi System is a vast expanse of older metamorphosed rocks, previously 

referred to on the 1961 Edition of the Geological Map of Southern Rhodesia as 

IIparagneisses of various ages". For some time it was known that gneissic 

16. 

rocks were to be found on both sides of the Zambezi Valley in this area. 

Macgregor (1951) suggested that they might be metamorphosed members of the 

Lomagundi-Katanga System, basing his argument on the increase in metamorphism 

northwards in the Lomagundi System south of the mid-Zambezi Valley and south­

wards in the Katanga System north of the river. 

During the mapping of this area, it became apparent that these gneisses, 

meta-arkoses, quartzites and sch ists belong in fact to an older series of rocks, 

to be correlated with the gneisses to the north-east of the Rusere area. This 

gradual change eastwards to a greater homogenuity of biotite-gneisses with the 

composition of tonal ite-granbdiorite could be, as stated by Workman (1962) 

"a graduation from one to the other, through a gradual southward increase in the 

degree of migmatisation ll
• According to Workman, there is probably further 

gradation southwards into the unfoliated granodiorite of the IIBasement Complex" 

in the Mangula area. This, however, is perhaps the effect of increased distance 

from the mobile belt terrain of the Zambezi Belt to the north. 

As will be discussed in more detail when the metamorphism is described, 

the Almandine Amphibolite facies prevail ing in the Shamrocke area persists 

through these older rocks of the Escarpment Series. This persistence of similar 

metamorph ic grade over the unconformity can be attributed to the retrogressive effect 

of the post-Lomagundi metamorphism on the previously highly metamorphosed 

sediments of these "Escarpment Gneisses" • 
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These rocks of the Escarpment Series cover a vast trac~ of country 

to the north of the Shamrocke Mine, extending to the edge of the Zambezi Valley. 

Structurally, the Escarpment Series under! ies the basal beds of the 

Lomagundi System north and northeast of Shamrocke, showing a regional east­

west strike corresponding to its contact with the Lomagundi, and dipping away 

steeply to the south. The structure is uncompl icated across the whole width of 

the series in this area. Northwards the beds are flatly roll ing with isolated areas 

of .. disturbance. To the northeast the strike swings northwards, corresponding to the 
'. 

swing of the tongue of Lomagundi rocks into these older rocks, until in the vicinity 

of the Rukute River the strike is apparently north""'5outh with a steep westerly dip .. 

Westwards the attitude of the Escarpment Series rocks corresponds everywhere 

to the Lomagundi contact, firstly in a northwesterly direction and then again 

westwards to the edge of the area mapped $ A number of shallow synclinal 

structures were recorded 0 

The relationshfp between the Lomagundi System and these gneisses 

of the Zambezi Escarpment is fully discussed by Workman (1961 and 1962) 0 He 

states IIthey (the gneisses of the Escarpment Series) characteristically exhibit such 

features as true gneissic foliation, ptygmatic folding/T segregation pegmatltes 

and large felspar porphyroblasts& Rocks in the Lomagundi System with a similar 

or comparable mineralogy are invariably compact granulites or psammitic schists, 

with none of these features $ Moreover, no rei Ict sedimentary or igneous structures 

have survived the recrystall isation in the gneisses, whereas these are a common 

occurrence in the Lomagundi System II .. 

Both Workman in 1961 and 1962, and Stagman in 1959, describe at length 

the relationsh ip between the granodioritic and gran Hic rocks and the Lomagundi 

sediments east of Mangula and northwards to Rusere., 

I t is pertinent to note that much discuss ion has taken place as to whether 

or not the gran ite to the southeast pre- or ante-dates the Lomagundi System 0 

Macgregor in 1931 and Stagman in 1959 and 1961 suggested th is gran ite to be 

pre-Lomagundi with perhaps some rejuvenation ~ In 1961, however, Jacobsen 

and Vii joen stated their view tho t beyond doubt th is gran ite is intrusive into and 

younger than the Lomagundi. 

-4,/ 



PLA TE B. " C\ 

BA. 

:iitiwtGI · ... 

Epidote veining in Plagioclase Amphibol ite (Meta-diaba~e) .. 
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1 8. 

A .. 2o THE STRUCTURE OF THE RUSERE SYNCLI NE 

Regional Structure from Photogeological Study by the Present Writer (see Figure 4) 

During the present study! the area from Mkowi northwards along the 

base of the Lomagundi System was photogeologically analysed to study the 

structure of the base of the Lomagundi succession with a view to the possible 

corellation between structure and mineral isation .. As the photogeology closely 

supported the maps of Workman (1961, 1962 and 1965) in the Southern region 

towards Mkowi u a photogeological map was prepared from Chidwara northwards 

and around the nose of the Rusere Sync! ine to the Shamrocke Mine and wes1." 

wards and northwestwards to the Mukwishe River.. (Fi gure 4),. 

I n the area from Mkowi in the South to Ch idwara in the north (for 

reference here the maps of Workman 1961 and 196(5 are useful)! a I though the 

rocks are generally overturned to the east, photogeologically, there appears 

to be very little tight folding, either longitudinally or transverse to the strike. 

East""'west lateral displacement of the "Tchetchen in! II or IIMountain ll Sandstone 

occurs along what appears to be a system of large faul ts V\1 th sympathetic folding 

towards the foul t plane ~ Due to sharp overturned folding in that area, the 

arenaceous rocks due west of T chetchen in i appear to be repeated Deweras Series; 

some three miles north of Tchetchenini what appears to be a strong east-west 

faul t may have something to do with this repetition It To the southeast of Muninga 

the re appears to be a tight lateral fold within the arkoses of the Deweras Series It 

Thi s appears, however I to be only a very local feature .. 

The photogeological interpretation points to a fairly simple overturned 

structure, but from ground observation by Workman (1961) it is obvious that in 

this area folding trending parallel to the regional strike with duplicate overturning 

is possible .. 

Moving northwards the strike of the rocks swings sharply eastwards through 

Chidwara (see Figure 4) .. This swing eastwards in the vicinity of Chidwara is the 

beginning of the large embayment of Lomagundi rocks into the pre .... Lomagundi 

basement, which extends through Rusere to the Rukute River and then swings 

sharply westwards through the Shamrocke Mineo 

The departures from the main north-northwest strike of the Lomagundi System 

in this area are due to cross"",folding which is probably parallel to, and caused by, 

the regional trend of the underlying gneisses, this direction possibly being 

control I ed by the infl uence of the Zambez i mobil e bel t. According to Workman 
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these cross-folds could be due to the con tro II ing infl uence of an earl ier 

structural trend during the formation of the Lomagundi fold system by 

pressures parallel to the strike of the earl ier trend. 

The most prominent of these cross-folds is the very large Rusere Syncl ine 

in the northeast of the area. This broad structure commences immediately 

19. 

. south of Chidwara, swinging sharply to the northeast and then again more sharply 

immediately north of Rusere. North of Rusere the northeastern point of the 

- embayment consists ofa large narrow prong of the Lomagundi System .erojecting 

northeastwa rdsin to the II Basemen t II gne isses. 

Workman observed that the central part of this prong is occupied by 

. strongly folded metamorphosed schists, quartzites and I imestones of the Dolomite 

Series, with an incompl ete rim of Deweras Series grits and conglomerates. He 

described this fold complex in the extreme northeast as consisting of two 

isoclinally folded synclines, the two synclines being separated by a zone of 

horizontal dislocation parallel to the fold axis. Northwest of this fault con­

siderable southwesterly movement of the northern I imbrelative to its southern 

counterpart was affected by strong tear-faul ting and internal shearing along 

the northern I imb of the fol d. The great width of outcrop of the Dolom ite along 

the southern limb may be due to the squeezing of limestone along the fold: 

limb. 

Moving westwards· through the Shamrocke Mine area, the dips ,'continue 

to be steepl y to the south and comprise the northern edge of the syncl ine. To 

the west of the Shamrocke Mine, the Deweras Series swings northwards and short 

of the Mukwishe River turns westwards to be truncated by a north-south faul t 

with the rocks thrown on the western side some half a mile southwards. From 

this point the Deweras Series again swings northwards to cross the Mukwishe 

River and then swings again sharply westwa ~ds. These two minor folds in the 

western area show axes roughl y parallel to the major syncl ine to the east. 

I t is important to note that ,following the map (Figure 4) northwards 

from the southern boundary, it is seen that east-west trending fracture or shear 

planes through the Argillaceous Series occur throughout the area. I t is important 

that at the points of flexure, i.e., at Chidwara ., again at the axis and immediately 

south of the axis of the major Rusere Syncl ine and, to a lesser extent, in the axes 

of the two flexures to the west, these east-west fracture or shear planes become 

.,,,;', 
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more dense. The east-west trending shears and fractures extend from the 

Argillaceous Series through the Deweras Series and can at times be seen trend ing 

into the pre-Lomagundi rocks. It is for this reason t'hat one may consider the 

cause of this cross-folding to be due to a reflection of pre-Lomagundi rock trends . 

The rocks of the lower part of the Argillaceous Series 'to the west of the 

Angwa River are I ittle affected by the large cross-folding of the major Rusere 

Syncl ine 0 These rocks trend north-northwest until the approx imate position of the 

axis of the syncl ine and then swing sharply westwards to 01 ign themselves parallel 

to the strike of the rocks of the northern flank of the structure . To the 'immedia te 

southwest of the tight nose of the fold, where the associated horizonta l dislocation 

parallel to the fold axis took place, the lower part of this Argi l laceous Series 

is only slightly dragged in the direction of the fold. 

I t is pertinent to note the general distribution of plagioclase amphibol ite 

(probably altered diabasic lava) at the top of the Deweras Series. It is onl y in 

places that this amphibolite is absent. 

The axis of the major Rusere Syncl ine southwestwards from the horizontal 

displacement of the Deweras Series in the centre of th is isocl ina l nose appears 

to run well north of the Angwa/Deta River junction. The north-northwesterly trend 

of the strike within the lower portion of the Argillaceous Series is somewhat truncated 

some 10, 000 feet south of the Shamrocke orebody by a series of dislocations tre~,d­

ing at right angles to th is direction. Dips in this area are difficul t to ascertain' 

from photo-interpretation, but a number of southward dips come into c6n tact with 

very definite, steep, easterly and vertical dips measured on arenaceous bands in 

the Argillaceous Series. It is therefore concluded that the axis of the Rusere 

Syncline passes through the meeting point of these two con jugate strike directions. 

The Rusere Syncl ine - description by Workman (1962). 

This structure has been carefully mapped in the field by Workman , and all 

structural aspects discussed in detail by him (1962), that it remains here only to 

reproduce a portion of Workman's publ ication "The Rusere Syncl ine - Cross­

Folding in North Lomagundi District, Southern Rhodesia" (1962). 

Photogeological analysis has qual ified Workman's conclusions and the foll owing 

extract enlarges and endorses the comment in the previous section. 
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Workman (1962) describes the Rusere Syncl ine thus: 

liThe fold complex consists of two syncl inal fol ds, with parallel northeast­

southwest trending axes, each overturned to the northwest and closing to the 

northeast. No intervening anticl ine can be detected, the two syncl ines being 

separated by a zone of horizontal dislocation parallel to the fold axes. 

Considerable southwesterly movement of the northern fold relative to its 

southern counterpart was affected by strong sin istral tear-faul ting and internal 

shearing along the northern I imb of the southern fold. The outer I imbs of the 

21 . 

two folds show evidence of thrusting, of the Lomagundi System over th.~ basement 

on the northern (normal) I imb of the northern fold and vice versa on the southern 

(overturned) I imb of the southern fold. 

liThe evolution of th is composite structure is bel ieved to be as follows: 

The first stage was the development of the two folds by horizontal or sub­

horizontal movement after the Lomagundi System was folded into sub-v~rtical 

attitudes. The drag-folds resul ting from the differential movement were in the 

form of steeply plunging syncl ines overturned towards the northwest, _ that is, they 

possessed a shape and attitude similar to that of the major Rusere Syncl ine itself. 

Wh ile the differences in yield continued, the two drag-folds developed in sl ightly 

different ways, owing to the different structural attitudes of their respective 

limbs. The norma II y dipping sequence of Lomagundi beds on the northern I jmb of 

the northern fold was thrust over the basement and imbricated into a series of / 

thrust wedges.. Conversely on the southern I imb of the southern fold, the old,er gneiss 

was possibly thrust over the Lomagundi, either this or stratigraphic thinning being 

the reason for the virtual absence of the Deweras Series along the outcrop of this 

limb. The great width of outcrop of the dolomite along this southern I imb may be 

due to squeezing and migration of the limestone along the fold limb away from 

the point of maximum pressure. 

"Simultaneously with the development of the two drag~folds, sinistral 

displacement took place between them, partly by tear-faul ting and partly by 

shearing within the beds on the northern I imb of the southern drag-fold. Evidence 

for tear-faulting is clear. A minimum horizontal displacement of one mile can 

be measured in the I imestone beds on either side. The I ine of the faul t is a 
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marked linear topograph ic depression along which streams flowing in various 

directions are deflected. Along this faul t-controlled volley pebbly grits of the 

Deweras Serie~ (below the I imestone) on one side are in juxtaposition with 

phyllites of the Argillaceous Series (above the limestone) on either side. 

There is no fresh outcrop in the deep gullies of the valley itself, which instead 

display an unusuQI depth of weathering. Thus no supporting evidence of tear­

faul ting has been gained from the internal structure of the rocks themselves. 

Along a line extending northeast from (in linear continuity) the tear-fault, the 

rQcks apparently give way not by bodily i(Jteral displacement, but by intense 
'" internal shearing and stretching. The limestone and the Deweras Series 

conglomerate were stretched into narrow discontinuities along the northern flank 

of the southern drag-fold" • 
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A.3. REGIONAL METAMORPHISM 

The Lomagundi System in this northern province gradually increases 

in metamorphic grade from south to north, from low Greenschist facies at 

. Mangula to low Amphibolite facies at Rusere. Westwards from the overturned 

nose of the syncl ine in the region of the Shamrocke Mine, lower Almandine 

Amph ibol i te fac ies rocks arerecogn ised. There is therefore a genera I increase 

in metamorph ic grade from Mangula north-northwestwards towards the northern con­

tact with the EscarpmentSeries. Westwards there is a sharp increase in meta-

.. morphism from the Angwa River. The increase of metamorphism northwestwards 
' ", 

can be correlated with the Zambezi metamorphism, while the metamorphism 

increases westwards with the Miami metamorphism. During metamorphism 

the arenaceous sediments were converted to granulite, meta-arkose and meta­

quartzite; mudstone and impure 'dolomitic limestones to graphitic, calcareous 

and amphibole bearing schis'ts, dolomite and calcite; and dolerite to plagio­

clase amphibol ite. Northwards from the Lomagundi System th~ Escarpment 

Series shows retrogressive effects of the post-tomagundi metamorphism on 

earlier more advanced metamorphism • 

. Workman (1966, p.245) has so carefully considered a great deal of 

~vidence in his summation of the regional metamorphism that it remains here 

only to quote from him: liThe existence of gneissic rocks on either s~de of the 

Mid-Zambezi Valley has been known for many years, and the idea that they 

, 'might bei me·tamorphosed members of the Lomagundi/Katanga System has been 

put forward by Macgregor (2) and others. The main basis for th is hypothesis 

was the apparently gradual increase in metamorphism towards the Zambezi Valley 

on either side, northwards in the Lomagundi System of Rhodesia and southwards 

in the Katanga System of Zambia. In Rhodesia, however, this metamorphic 

increase had been observed only · in the Piriwiri Series around Miami (Maufe, 1920; 

Wiles, 1961). This meant that there was no evidence that the Lomagundi System 

as currently defined by the Geological Survey had anywhere been metamorphosed 

beyond low Greenschist facies. The possibility therefore arose that the Zambezi­

Miami metamorphism might be pre-Lomagundi in age, and the gneisses of the 

escarpmen thigh-grade metasomatic derivatives of the Piriwiri Series, as 

suggested by Worst (1960, p .29). The two alternative sequences of events which 

thus presented themselves may be summarised as follows: 

'2 . 11. 



(i) from Macgregor 

2. Zambezi-Miami metamorphism 
Piriwiri Series 

1 • Lomagundi Argillaceous Series 
System Deweras Series 

(ii) from Worst 

Argillaceous Series 
3. Lomagundi System 

Deweras Series '" 

2. Zambezi-Miami metamorphism. 

1 • Piriwiri Series (inel uding the arenaceous, felspathic sediments 
of the Zambezi Escarpment). 

"The present work shows that neither of these two alternatives is 

complete. The full sequence of events is more probably as follows:-

24. 

4. Zambezi II and Miami metamorphism (partly separate in space, may 
or may not be con temporaneous) • 

Argillaceous Series (incl uding the Piriwiri Series) 
3. Lomagundi System Deweras Series 

2. Zambez i -M iam i metamorph ism 

1 • Arenaceous and felspath ic sediments of the Zambez i Escarpment. 

"In North Lomagundi District, the Deweras Series and the Argillaceous 

Series of the Lomagundi System can be followed north-northwestwards along strike 

through a gradual increase in metamorphic grade from low Greenschist facies at 

Mangula to low amphibol ite facies at Rusere village ten miles from the foot of the 

southern Zambezi escarpment. The country between Rusere and the Zambezi 

escarpment is occupied by older gneisses which also possess low amphibolite facies 

mineralogy. Thus there is a general northward increase in metamorphic grade 

over a distance of more than 30 miles. To the west, there is a merging with a 

metamorph ism whose grade increases sharply towards Miami, northwestwards in the 

south and southwestwards in the north. Th is means that, al though the two meta­

morphic fields cannot be distinguished from each other in the south, they face 

in opposite directions in the north. A metamorph ism in the north Lomagundi 

District not directly related to the metamorphic culmination at Miami is thus 
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establ ished, and all the Precambrian formations of that area, incl uding 

the Lomagundi System, are affected. 

25. 

liThe Lomagundi System around Rusere consists of essentially the same 

succession as it does further south. The basal group of meta-arkose and 

conglomerate (here comparatively thin) is succeeded by metamorphosed dolomitic 

I imestone, which is in turn overlain by a thick sequence of pel Hic schists and 

phyllites with minor quartzites and meta-I imestones. The whole succession is 

-intruded by numerous doleritic sheets and dykes. On being metamorp~osed, 

arenaceous sediments were converted to granul ite and psammitic schist, lime- . 

stone to amphibole-bearing schist and marble, shales to kyanite- and hornblende­

bearing phyll ite and schist and dolerite to mainly non-epidotic andesine-bearing 

amphibol ite. The mineralogy of the underlying gneisses places them in the 

same metamorph ic fac ies as the Lomagundi System, in that they conta in sim ilar 

ferromagnesian minerals and the same epidote/plagioclase relationship . 

Texturally, h6wev,er, they are in a much more advanced state of reconstitution. 

They characteristically exhibit such features as true gneissic foliation, ptygmatic 

folding, segregation pegmatites and large felspar porphyroblasts. Rocks in the 

Lomagundi System with a similar or comparable mineralogy are invariably compact 

granul ites or psammitic schists with none of these features. Moreover no rei ict 

sedimentary or igneous features have survived in the gne isses, whereas these are 

common in the Lomagundi System and associated intrusives. The present low 

amphibol ite facies mineralogy of the gneisses of the Zambezi Escarp~ent is , ' 

attributed to the retrogressive effects of the Post-Lomagundi metamorphism on an 

earl ier, more advanced, metamorphism II • 

AI though Workman identifies the Shamrocke area with the Staurol ite­

Kyanite Sub-zone on his sketch map "Metamorphic Zones in North Lomagundi 

Area II , (1966), no kyanite has been encountered in the rocks in the immediate 

vicinity of the Shamrocke Mine. Kyanite i; found only in a very I imited area 

in fin~grained dark indurated schist in the Angwa River area and southeast 

from the river, and may be very locally developed in these indurated sch ists 

due to their almost complete enclosure by amphibolite (meta-diabase). This 

northernmost area about the Shamrocke Mine shoul d rather be ascribed to the 

Staurol ite-Garnet sub-zone of Workman (1966) and the Staurol ite AI mandine 

sub-facies of Turner and Verhoogen ,(1960),. 

For a more specific discussion on the metamorphism of the rocks in the 

immediate vicinity of the Shamrocke Mine, the reader is referred to Section B.6 

II Metamorph ism and Petrogenes is II • 
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A4. REGIONAL CORRELATION 

In Central and Southern Africa, it is remarkable how similar the 

nature of the I ithologies Qr~ towards the base of the various cover sequences 

26. 

at the edges of crotonic areas, and flanking the major tectonic belts separating 

the stable cratons. The environmental conditions at the time of deposition must have 

been very similar and it may be more pertinent some times tc;> consider similar 

environments as correlation criteria for comparing geological formations than the often 

dubious reliance on correlation by radiometric age determination. '" 

The correlotion of the Lomagundi System with formations elsewhere has 

always been a subject for considerable discussion. The Lomagundi rocks have 

been gen~rQlly correlated with the formations in the c<?pper belt of Zambia and 

those in Katanga. The lithological svccession towards the base of the Lomagundi 

System and the Katanga System of Zambia is indeed very similar and, moreover, 

the copper mineralisation usually occurs in both systems immediately above basal 

conglomerates and quartzites, in qu artzites, dolomites, shales, calcareous grits, 

greywacks, gritty argillites and calcareous argillites which generally occur 

below thiok dolpmite horizons. This correlation is shown in Table 3 where the 

obvious similarity is seen between the I ithology of the Deweras Series of the 

Lomagundi System and the Lower Roan (Lusaka) Group; the Dolomite Seiies and 

the Upper Roan (Lusaka) Group; and the Argillaceous Series of the Lomagu~di 

System and t~ Mwashia Group of the Katanga Series. Another factor supporti ng such 

a correlation would be the presence of the Lusaka Series rocks on the northern side 

of the Zambesi mobile belt Qcross from the Lomagundi System on the southern 

margin of the belt. This correlation may be valid on the grounds of similar depositional 

environments, and their presence on either side of the Zambesi Belt. 

On the grounds of environmental similarity and the often similar svccession . 
(particularly the gradation from conglomerates and coarse clqstic sediments throllgh 

argillaceous materiQI, impure and mixed dolomites, limestones and shales, above 

which are present the main calcareous horizons), the Lomagundi rocks can be compared 

with the majority of sedimentary cover sequences with craton edge - mobile bel t 

margin associations. Table 3 compares the Lomagundi System of Rhodesia, the 

Katanga System of Zambid, the Damaran System and Tsumis/Doornpoort/Ganzi 

Formations of South West Afri CQ and Botswana. 
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The structura.1 continuation of the Lomagundi System southwards through the 

. Wan'kie .area , into no~th east Botswana and across that territory into South West 

Africa, accompanied' by lithological similarity, makes the correlation of the 

Lomagundi System with the Tsumis/Doornpoort/Ghanzi Formations very feasible. 

These forma'tions all lie near the edge of a major sedimentary depository, 

the Damaran Orogenic belt, which occurs as a major north-east-trending belt, 

extending from South West Africa through Botswana and into Zambia and Rhodesia. 

The north-eastern extensidh of this tectonic belt is the Zambesi ~bile Belt. The 

stratigraphic position of the Tsumis/Doornpoort/Ghanzi formations relative to the 

Damara System (late Precambrian) has been a source of controversy, although most 

workers agree that the Tsumis Formatioh is older than the Damara System. The 

controversy centres on whether the Tsumis Formation is the basal part of the 

Damara System or whether it forms part of an older basin developement. It is 

also difficu It to establ ish whether the Lomagundi System is the basal part of the 

sedimentation within an original Zambesi trough, or whether in fact is forms part 

of an older sedimentary deposit~ry which covered the entire craton as well. 

There appears ' to be sound evidence to correl ate the Damara System of 

South West' Africa and the Katanga System of Zambia. Concerning the correlation 

of the Damara sedimentary cycle with similar sequences elsewhere in Southern 

Africa, numerous investigators, notably Martin, (1961), and Clifford, (~~ 

1963), are inclined to equ ate the sediments of the Damara System with ;those o~/the 

Katanga System in Zambia. Dating of tectonic events within these two, areas ' 

provides remarkable similarities. I,t would appear that in both areas various events 

may be dated from the major period of folding at 620 my. to the later post-tectonic 

events which fall into the range 525-450 my. The continuation of the n6rth-east 

trend of the Damara Belt links directly with the known trends of the western portion 

. of the Katangan-Lufilian-~rc. Cahen and Snelling (1966), support th is correlation 

a nd go even further to produce evidence whi co suggests very strongly tha t a correlation 

between the Katangan, Damaran, ,and West Congol ian of Northern Ango!tJ is by 

no means unl ikely. They propose further that the central portion of this a rea, 

surrounded by highly deformed belts comprise portion of a stable craton on which the 

equivalent sediments were deposited but which have been preserved as a relatively 

undeformed tabular cover. The sedimentation on the northern edge or margin of the 

Damarantectonic belt includes the Outjo facies of the Damara System, which 

~.;~ 
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The comparison is relative to similar succession and environmental 

NOTE: This Table in no way accords correlation of the regions on grounds of age dating.conditiqns .of deposition~ : . . . . . . '~ . . . .. _ .. . . _" 
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consits of a sequence of fairly well-sorted clastic sediments, belonging to the 

Nosib Series and the Abenab stage of the Otavi Series, which are overlain by 

the predominantly chemical sediments of the Tsumeb stage. The lithology 

again is practically identical with the sequence of the other formations already 

discussed and is compared in 'fable 3. 

It is interesting to note that the correlation between the basal Damaran 

rocks of the northern edge of the Damara System, being correlated with the Katangan 

• System of Zambia, are considered to show an age of approximately 650 my. This 
'" 

age has been constantly quoted in the Zambian copper belt and Katanga. The 

Lomagundi rocks are considered to be of the order of 1700 - 2000 my. which, when 

the structural continuity into Botswana and South West Africa on the southern 

margin of the Damaran tectonic belt is considered, makes the correlation of the 

Lomagundi System with the Tsumis/Doornpoort/Ghanzi Formations more likely, as 

these formations are recently considered to be very much older than the Damaran 

. System which h<;,s been dated at approximately 650 my. 

The above discuss ion i ndi cates some of the probl ems inherent to attempt! ng 

correlation of the Lomagundi System to other sedimentary sequences in Southern 

Afri ca. Th is sub ject is too wide and complex to discuss further in this study, however, 

it may be pertinent to note that similar lithologies and e nvironments exi~t in the 

Frontier-Gairezi System of eastern Rhodesia, the Umkondo System of south~/ 

eastern Rhodesia, the Messina Formation in the central and south marginal /zone of 

the Limpopo Mobile belt in the northern Transvaal and the southerM extremity of 

Rhodesia, and also the rocks at Matsitama in Botswana. All these formations are 

present at therdge of stable cratons and are generally associated with the 

sedimentation either within or related to tectono- thermal belts of weakness 

separatj ng the various cratons. 

To sum up then: The Lomagundh System could be correlated, on the grounds 

of similar depositional &Ad environment, with the rocks of the Katanga System in 

Zambia and Katanga, the Tsumis/Doornpoort/Ghazi formations of Botswana and 

South West Africa, the basal Damaron succession of the northern edge of the 

Damaran organic belt, the West Congolian of Angola, the Frontier-Gairezi System 

of eastern Rhodesia, the Umkondo System of south-eastern Rhodesia, the Messina 

Formation of the Transvaal and southern Rhodesia and possibly the Matsitama area 

of Botswana. Considering the available geochronological evidence the picture 

becomes most confusing. 
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B 1. THE STRATIGRAPHIC POSITION OF THE SHAMROCKE MINE 
RELATIVE TO OTHER COPPER OCCURRENCES WITHIN THE 

LOMAGUND I SYSTEM 

The Lomagundi Province 

29. 

The Shamrocke orebody occurs" in a "granofelsic ll
. felspar4>iotite rock 

(here termed "granulitesll) within graphitic schist and phyllite of the Dolomite 

Series towards the base of the Lomagundi System, some 1250 feet above the upper 

contact with the Deweras SeriB.The mineralisation is closely associated with 

metasomatic calcite, while the tlgranulitell o~zone appears to be a metamorphosed 

cal careous grit. 

The importance of the meta-arkoses and dolomitic rocks of the Deweras 

Series and Dolomite Series with regard base metal mineral isation in the Lomagundi 

System cannot be emphasised too strongly. 

To the south of the Shamrocke area the mineralisation at the Mangula 

Mine is concentrated mainly in this lower portion of the Lomagundi System. 

Here mineralisation is found in dense, fine-grained felspathic quartzites and 

arkoses, sericitic quartz-schists and quartzites, and in calcareous quartzites, 

arkoses and schists. These rocks may be correl atedwith the Deweras Series as 

in the Shamrocke sequence. The dolomitic rocks occur to the west of the Mine/ 

0N. Jacobsen 1 961 ) . 

The orebody of the Norah Mine immediately south of ManQiula occurs 

in chloritic quartzite and schist at what would appear to be very near the 

contact between the equivalent of the Deweras and Dolomite Series of the 

Shamrocke area. Due east of the Norah Mine the Silverside deposit is a fracture 

Idde 0N. Jacobsen, 1961) within grits and chloritic schist of the Deweras Series. 

Further southwards at the Alaska Mine immediately southettast of Sinolo 
to 

the mineralisation is found in schistose rocks with a certain preference for 

dolomitic schists, grey dolomites, and greywackes. Here the schists are the main 

ore carriers (J. B. E. Jacobsen 1964). Arenaceous rocks are also mineralised; 

again an anology can be drawn with mineralisation within the Dolomite Series 

of the north Lomagundi Province and more particularly the Shamrocke area. 

The arenaceous horizons within the dolomitic rocks closely resemble the "granul ite ll 

and cal careous g ri ts of the S hamrocke area. M. E. Jacobsen terms these 

greywacke, as they differ from the Shamrocke IIgranulite'" by having less 'than 250/0 

felspar. 
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The copper deposits of the Sanyati area, again southeast of Alaska, 

are thought' to be present in the Piriw iri Beds higher in the Lomagundi seque'nce 

(Bahnemann '1961)0 These deposits a re found in calcareous rocks in a succession 

of intensely folded quarf'zites and micaceous and graphitic schists. Careful 

s~"udy of Bohnemcmnis publication "The Ores of the 'J-Lines ' , Sanyati Copper Mine" 

0961), 'fogether with a brief investigation in the field of that area, and brief 

s,tlJdy of the cores from drilling, indicate a close similarity to the rocks of the 

Shamrocke sequence, the mode of occurrence of the Shamrocke ore, and to the base, 

o'f the lomasundi System general I y ~ It is "suggested that more careful mappi ng of that 
, , ~;, " :, ' 

areacGuid reveal thc»t f'he basal sequence is repeated that far to the west by large 

structures in a region already known to have been subjected to large folding and 

faiJ~Hhg0 As discussed later however, this area may represent an original 

basement high or ridge in the origi nal Lomagundi basin or depository, giving 

similar condiHons of sedimentation as at the basin edge to the east. 

J.B. Eo Jacobsen (1965) considers the Sanyati copper deposits to be in a similar 

metallogene'ti c zone, the pyrometasomati c zone, as the Shamrocke deposit. 

The oJd Copper Quee!1 and Copper King orebodies occur in a very similar manner 

and the outcropping gossans close ly resemble the Shamrocke Main Outcrop gossan, 

(see Plate 9 A and B)o 

In the Shamrocke area northwards from Mangula, copper occurrences are 

known at Chidwarot' where the copper occurs as bornite and chalcopyrite in 

compact gritty arkoses of the D'eweras Series 0 These Chidwara occurrences are 

locatl,edtowards f'he upper contact of a considerable thickness of Deweras Series, 

rocks and also within the lower Do lomite Series rocks. 

Moving northwards from Chidwara , the tight nose of the isoclinal syncline, 

o~ though mapped by Workman, hasunti I recently been unprospected e 

Westward from the Shamrocke Mine, along the northern limb of the Rusere 

Syncline, copper in the form of c hal cocite and chalcopyrite is found in the 

Deweras arkoses towards its upper contact wher: the Seri es swings northwards ,some 

6 -7 miles from the Shamrocke deposit. Her~ the mineral isation occurs as scattered 

sporadic occurrences of chalcocite and chalcopyrite within meta-arkose. 

Further northwards, some four miles along the northerly swing, of the Deweras 

and where It again swings westwards , trenches have been seen on the photographs 

but most have been exc(,I!vafed subsequent to any field visits by the writer e 

Further westwards near Karokuruwe are two separate copper occurrences in 

Deweras meta-arkose 0 Again the mineral isation is towards the top of this 

Series and consists of malachite staining in fractures within the arkoses, and in one 

instance cha!copydte was founds The two occurrences are approximately ~ mile 
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PLATE 9. 

9A. 

sC)~ 

Outcropping Gossan, Copper Queen deposit, Sanyati Area. 
- note similarity to Main Outcrop at Shamrocke 0 

98. 

Qutcropping Gossan ridge, Copper King Sanyati Area, 
- dipping steeply south west. 
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apart and immediately southeast of the Mukwishe/Sabi River confluence. 

It is therefore obvious that the Deweras Series, particularly towards 

its upper contact, and the Dolomite Series, together constitute a "postive zone ll 

for potenti al copper mi neral isation at the base of the Lomagundi System. 

The Wankie Area. 

In an area north of the Gwai River . some 50 miles east of Wankie 

and some 10 miles north of the Gwai River Hotel, is a northeast trending inlier . ~ 

of gneisses, quartzites, schists and granodiorite rocks enclosed by Karroo arenites 

and argillites. This area was mapped for the Geological Survey of Rhodesia 

by Watson, 1962 at a scale of 1 : 100,000. Watson named the low-to medium-grade 

sequence of arenites, schists and magnesian schists within the region liThe 

Malaputse Series ll which he regarded as correlates of the Lomagundi System. 

Recent field investigation and mapping by the presenf writer indicate many 

lithological similarities between this area and the Lomagundi sequence in the 

Shamrocke area, both successions being cover rocks resting upon partly remobilised 

acidic basement close to the margin of the Rhodesian craton. The controls of 

mineralisation appear to have much in common. 

An amphibolitic group occurs in the axial region of a marked syncline 

underlain and flanked by rocks of a psammitic group. This amphibolitic group 

consists of tremolite-hornblende-anthophyllite - and actinolite-bearing oligoclase, 

andesine and quartz schists with fine-to medium-grained hornblende-plagioclase­

quartz schists or typical para-amphibolites. These amphibolitic rocks are most 

probably metamorphic derivatives of impure magnesian limestones and dolomites 

and could be correlated with the Dolomite Group in the Lomagundi System. The 

Psammitic Group underlying these amphibolitic rocks consists of a series of medium­

to coarse-grained muscovite-biotite-qlD rtz-felspar schists, hornblende-biotite­

plagioclase-quartzschists, granular rocks ane:{ amphibolite bands. The oldest 

rocks flanking this syncline are arenites and quartzites, Watson's (1962) 

Malaputse Quartzites. These are clean, compact, white, recrystallised quartzites 

with arkoses and arkosic arenites with conglomeratic bands in variable states of 

recrystall isation . This Psammiti c Group of rocks is 'very similar to the rocks of the 

Deweras Series of the Lomagundi System. 

Metamorphism is largely upper greenschist facies with locally developed 

lower almandine-amphibolite facies metamorphism. 

:~~~ 
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Most of the known copper mineralisation is found within the amphibolites, 

generally within banded quartzites occurring in the amphibolitic succession o The 

mineralisation always appears selective in gritty bands of host rock. This mineralisation 

therefore, lying immediately above the Psammitic Group (the equivalent of the 

Deweras Series), is therefore in the same position stratigraphically as the deposits in 

the Lomagundi System, i. e 0 immediately above the Deweras System rocks and 

very similar to the Shamrocke deposit in that it occurs in gritty arkosic lenses within 

the amphibolitic group rocks, which were possibly originally impure magnesian 

limestoneo '" 
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B 2. DETA,ILED STRATIGRAPHY 

THE ESCARPMENT SERI'ES 

North of the Nyashiri ridge and underlying the basal rocks of the, 

Lomagundi sequence in the Shamrocke area are the rocks of the Escarpment 

Series, an expanse of meta-sedimentary rocks extending from Mukwishe in the 

south, northwards and north-westwards along the south Zambe;zi escQrpment. 

33. 

In the north, in the vicinity. of the Mauro River, these rocks are again overlain 

by sandstones, red micaceous mudstones and conglomerates of perhaps Karroo age. 

These Triassic beds are flat lying. The conglomerates are extermely c'oarse and 

contain pebbles, cobbles and boulders of arenite, pegmatite, amphibolite and 

quartz, well cemented in a grey, sometimes red, matrix. 

AI though a great d,eal of work was done in this tract of country, no real 

stratigraphic sequence was forthcoming. This was probably due to the obliteration 

of the original bedding by the metamorphic effects of the Zambezi Mobile or 

Tectonic Belt. T~e various types of gneiss can be broadly separated into two main 

types, the massive meta-arkose, deficient in mica, and the more gneissic and foliated 

IIparagneisses ll with the broad gneissic banding of amphibolitic and narrow quartzo­

felspath i c I ayers. 

The Escarpment Series comprises largely meta-arkoses, banded amphibole 

para-gneisses (see Plate 7b) , meta-quartzites , mica schists, migma'tites and limestone~. 
I 

,Quartz veins and small pegmatite veins are often present and appear to increqs:e 

generally in a north-easterly directi un across the area mapped. The: meta";" 

quartzite is generally of a compact , fine-grained grey variety, sometimes 

containing mica. Subordinate rock types encountered in this series are actinolite, 

tremolite, and anthophyllite schists and amphibolites. Quartz-muscovite schists 

and quartz-biotite schists are locally developed. 

As previo'usl y discussed, the rocks of the Escarpment Seri es appear 

to grade in an easterly and then southeasterl y direction about the nose of the 

Rusere Sync! i ne into the granodiori tes and grani ti c migmati tes east of Rusere 

and Mangul a, general! y described as pre-Lomagundi basement rQcks. 

The contact of the Escarpment Series with the bosal beds of the Lomagundi , 

System is not clear-cut, and in places it is difficult to pick up any unconformity 

between the base of the Deweras Series and th~ rocks of the Escarpment Series,. 

Much of this contact is obliterated by plagioclase amphibolite, an alteration product 

of a diabasic intrusive. The whole succession dips southwards at moderate to high 
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angles. The difficulty experienced in establishing the unconformity between the 

basal Deweras Beds and the Escarpment Series metasedimentary rocks could be due 

to the persistence across this contact of the post-Lomagundi metamorphism. At 

the contact both series are granular and quartzo-felsPQthic, with the rocks of hoth 

series having attained similar metamorphic grade. Northwards of this contact, 

however, although still in the same metamorphic facies as the Lomagundi System, 

. the Escarpment Series rocks become texturally different and show a much more 

advanced stage of reconstitution. Microscopically, the rocks comprising the two 

series are easily separable, microcline being an important index mineral in the 

Escarpment Series rocks. . ... 

Southwards of the Mukwishe River the rocks of the Escarpment Series 

. generally dip southwards at between 300 and 700
, the dip increasing towards the 

. upper contact. In the area between Mukwishe Hill and the Mukwishe River a 

well sorted gritty meta-arkose often with abundant mafic minerals predominates. 

A finer grained, more compact white to buff coloured meta-arkose, generally free 

from mafic minerals and occasionally micaceous appears to be the result of a facies 

change westwards from Mukwishe and north of Bedsa. Narrow concordant 

intrusive amphibolite and occasional narrow bands of actinolite schist occur in . 

this southern area. 

Northwards the monotonous sequence of meta-arkose is interrupted by a 

very prominent band of hard, fine-grained grey rreta-quartzite , regularly 1200 

feet thi ck, extending from the confluence of the Mukwishe and Sabi Rivers a,long 

the Mukwishe valley and swinging northwards some 2~ miles west of the Angwa/ 
! . 

Mukwishe confluence. Immediately overlying this fine-grained grey meta-quartzite 

band the arkosesshow a distinct lateral facies change from coarse-grained gritty 

arkosic arenite to a fine-grained compact buff coloured meta-arkose with less mafic 

minerals. Some 'l! miles north of the old Mukwishe camp a band of coarse quartz­

biotite schist, approximately 1000 feet thick, appears to change laterally to a 

finer-grained schist eastwards and into a meta-arkose to the west. 

Narrow amphibolite bands and occasional pegmatite veins a few hundred 

feet thick occur sporadically within this expanse of meta-arkose and para-gneiss • 

. Towards the Maura River the rocks become more amphibolitic; the contact betwee~ the 

amphibolised meta-arkose and the less mafic arkose has been shown by field mapping 

to occur some 5 mi les north of the Mukwishe Ri ver. 

I' , 
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Occasional bands of cal c-si Ii cate gneisses, quartz-mi ca schists, 

amphibolites, migmatites and occasional narrow limestone bands occur. 

35. 

In summary, the Escarpment Series comprises a sequence of metamorphosed 

largely clastic sediments, mainly felspathic, in places migmatised and gneissose and 

very obviously older and different from the Lomagundi sediments overlying them. 

These rocks are very similar to those found on the northern Zambezi escarpment and 

can be followed westwards along the southern Zambezi escarpment. 
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THE LOMAGUNDI SYSTEM 

THE DEWERAS SERIES 

The Deweras Series, the,, ;basal seri e~ of the Lomogundi ,System, overl i es 

the Pre-Lomagundi basement gneisses of the Escarpment Series with an unconformity . 

This unconformity in the field is AQt very marked and as a structural unconformity it is 

unrecognisable both in the field ,~!)l;q?n the final map. Furthermore, the lithological 

composition of the base of the Deweras Series 'and the underlying Escarpment Grits 

is similar, although photogeologicaUy there are discrete differences in photographic 

.. expression. Eastwards of the Angwa River the contact is more easily recognised due 
' ''~ 

to thrusting of the base of the Deweras Series against the Escarpment S~ries rocks 

towards the nose of the Rusere Syncl i ne. 

Workman (1966) described the DewerdS Series thus: liThe Deweras 

Series is composed mainly of felspathic clasties, ranging from siltstones to 

boulder beds. Basic lavas may be present but no conclusive evidence of 

volcanic activity has survived the metamorphism to which the rocks have been 

subjected. Apart from this, the sequence as a whole closely resembles the origihal 
. . ~ .. "I ' 

description of the Deweras Series by Phaup' and Dobell (1938) and there can be little 

doubt regarding a direct correlation. However, whereas Phaup and Dobell 

recognised a major unconformity betw'een the Deweras Series and the overlying 

dolomite in the Hartley district, no such break could be found in north Lomagundi. 

In north Lomagundi the Deweras Series is made ~p mainly of metamorphosed arkose 
. / 

and conglomerate. Oftan rich ih mafic minerals, two principal congl,omerateS 

were recognised, one near. the base and one near the -middle of the sE7ries. The 

pebbles of the conglomerates are qlmost all of felspathic sedimentary or meta­

sedimentary rocks similar to those of the Deweras itself. Pebbles of gneiss and 

granite, similar to the rock~ of the underlying baserre nt complex do occur, but are 

strikingly rare. " 

In the vicinity of the Shamrocke Mine much of the lithology of the ' 

Deweras Series is obscured by' plagioclase arflphibolite (meta-diabase) intrusion. 

Conglomerates were not recognised north of the Shamrocke Mine, the first 

conglomerate recognised being approximately 1 mile east of the Angwa River. The 

meta-arkose, (see Plate 7a) is generally fine-grained, white to buff coloured, 

generally free of mafics and occasionally ini ceaceous ~ Where pt'agi'oclase amphi'bolite 

does not interfere· at the contact, fine compact meta-arkose almost ubiquitously 

overlies the Escarpment Series rocks. No sign of thrusting is evident north of Shamrocke. 

. ~ 
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The rock types general I y associated with the Deweras Series are 

fine-grained buff coloured compact meta-arkose, narrow bands of hard fine-grained 

grey meta-quartzite, thin shaly bands, and schistose rocks which may be described 

as quartz-mica-hornblende schists, arenaceous biotite schists and anthophyllite, 

tremolite and actinolite schists. Generally the rocks show little sign of disturbance. 

Thin mica schists, occur intercalacted with the meta-arkose, while overlying 

the main mass of fine -grained buff coloured meta-arkose there are narrow bands of 

both quartz~iotite schist and medium-to· coarse-grained dark amphibol ite showing 

a strong lineation of amphiboles and in places tending to be monominerqlic. 

The upper contact of the Deweras Series rocks against the overlying 

Dolomite Series north of the Shamrocke Mine is everywhere obliterated by 

intrusive plagioclase amphibolite which follows the contact from just east of the 

Angwa Ri ver to the Ii mi t of the area mapped to the west near the Nyari nde Ri ver. 

This sheet was intruded along the lower contact of the Nyashiri Quartzite very 

near the base of the Dolomite Group. It is at only one location immediately north 

of the Nyashiri Ridge that the mica schist underlying the Nyashiri Quartzite and 

obviously belonging to the Dolomite Group is evident. Eastwards this plagioclase 

amphibolite lies between the bottom contact of the Nyashiri Quartzite and between 

it and the schist and arkose of the Deweras Seri es, and has generally an esti mated 

thickness of between 400 and 1,000 feet, which makes it very difficult to po~tulate 

the thickness of the Deweras Series in this area. East of the Angwa River, towards 

the nose of the Rusere Syncline some two miles due east of the Shamrock,e Mine/ the 

Deweras Series attains a larger thickness due mainly to duplication by thrust faulting 

and a bunching effect in the axis df the syncline. In the Angwa River north of the 

Shamrocke Mine the Deweras Series is hardly exposed at all due to the intrusive 

meta-diabase. The only rock type recognised as being of Deweras age in the 

Angwa section northwards from the mine is a micaceous quartz-biotite schist. 

Westwards from the Angwa section the Deweras in places attains a thickness at 

outcrop of 1,500 feet, and if it is accepted thot the plagioclase amphibolite 

preferential I y intrudes the Dolomite Group schists, this postulated thi ckness of 

1,500 feet for the Deweras Series can be accepted as a general thickness of that 

seri es in the S hamrocke area. 

THE DOLOMITE SERIES 

Immediately overlying the Deweras Series, amphibole - biotite schist 

occurs, very similar to the phyllites higher in the succession, which in turn are 

immediately overlain by the narrow hard compact glassy quartzite of the Nyashiri 
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ridge. The exact thickness of these basal schists of the Dolomite Group cannot 

be ascertained in this area as these are intruded by plagioclase amphibolite, and 

at only one point north of the Nyashiri Ridge do these schists remain exposed at 

surface. It is therefore not possible to ascertain the thickness of these lower 

sch ists. 

The Nyashiri Meta-quartzite (Om 1) (See Plate 7a) is consistently 160 to 180 feet 

thick and dipsat a constant angle of 600 to the south immediately north of the 

Sh.omrocke Mine. This hard, grey, fine-grained meta-quartzite is thrown approximately 
' \. 

700 feet northwards on the western side of a north-northeast trending fault just 

north of the mine, and then continues eastwards across the Angwa River unti I it 

appears to be faulted out against Deweras Series rocks some 4,000 feet east of the 

Angwa River. Westwards this persistent meta-quartzite band is easily discernible on 

air photographs and easily followed in the field to the limits of the detailed mapping 

in the west in the vi cinity of the Nyarinde River. 

The Lower Graphitic, Phyllite and Schist (Footwall) (Om 2) 

Overlying the Nyashiri Quartzite are approximately 1250 feet of fine-­

to medium grained foliated dark-grey to black schists and phyllites, generally 

very graphitic, which form a monotonous layer of alternating foliated schistose rocks 

and more finer grained compact dark phyllites. Narrow dolomitic limestone ~, enses 

can be seen on the hillslope immediately south of the Mine. Eastwards of the / 

Angwa River these limestone bands become very much wider and more persistent;' 

in places attaining a width of 400 to 500 feet, and dipping steeply to tHe south. 

At surface these rocks dip at an angle of approximately 600 to the south 

and are manifested at surface by highl y fol iated, in places fissi I e, grey to dark · 

black graphitic schists weathering to a very fine grey-ilrown soil. 

Narrow sill-like bodies of plagioclase amphibolite up to 200 feet wide 

are ubiquitous and may b~come irregular and ttansgressive. Eastwards and west­

wards of the Mine these bodies thicken and may reach 800 feet in thickness in the 

west. 

The Shamrocke Granul ite (Incorporating the Ore Zone) (Om 3) 

Some 1,250 feet above the Nyashiri Quartzite and overlying .fhe Lower 

Graphitic Phyllite and Schist, and in the immediate Shamrocke section,a narrow 

band of granul iti c rocks extends westwards from the main adit at the Shamrocke 

Mine for a distance of some 2,250 feet. This granulitic zone is regularly 100 

feet wide at outcrop for a distance of 1,500 feet westward from the main adit, and 

then for a further 750 feet it thins out in places to 20 feet. 

., 
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Although this granulitic zone is obviously not a planar one, as indicated 

both at surface outcrop and in underground workings and boreholes by tight lateral 

folding, it dips regularly to the south at approximately 600
• Westwards from the 

main outcrop area this dip steepens somewhat to 700 in places. In the main outcrop 

area the width at surface in trenches is between 120 and 140 feet. Extending down­

dip this granulite zone has a fairly regular thickness of between 60 and 100 feet, 

although the one intersection at 2,500 feet down-dip gave a thickness of 40 feet. 

Further wes1v.ords, where it narrows at surface, this zone narrows sympathetically ' 

i~ depth, averaging regularly 60 to 65 feet. '". 

A narrow band of porphyroblasti c felspar-amphibole rock very often 

occurs at the contact between the granulite and the underlying schist and phyllite. 

This is a medium-to coarse-grained, very often cal careous, porphyroblasti c felspar­

amphibolite rock with some quartz in the fabric and it occurs at irregular intervals 

through the granul ite zone, varying in thi ckness from bands of a few inches to 

several feet in width. 

The granulites themselves vary radically in composition from place to 

place and for this reason correlation is difficult to achieve between boreholes and 

even in the underground workings. The granulite zone will be discussed in detail 

under the section liThe Shamrocke Orebody". At this stage therefore, it suffi ces to 

mention that these granulites occur as medium-grained pink biotite granulite /generally 

free from amphibole, more amphibolised granulite, and a compact grey granulitE~/ 

devoid of biotite. In places the granulite becomes dark and schistose and ever) :' 

mottled in places, and furthermore varies from a non-calcareous to a highly 

ca I careous vari ety . 

Within the granulite zone calcite occurs as stringers from a few centimetres 

in width to large irregular bands of coarse-groined calcite, generally pure white and 

occasionally pinkish, together with large "blows" and irregular bodies occasionally 

up to 30 feet across. These calcite bodies are i rregularly distributed through the 

zone and are difficult to correlate from borehole to borehole, and in the underground 

workings, both laterally and down-dip. Also, within this granulite zone are 

scattered remnants of fine1}rained dark, generally amphibolised mica schists, from 

a few inches thi ck up to bands of 25 feet or more. 

In places the granulite appears to be split into an upper and lower zone 

by a dark calcareous biotite-rich amphibolite, in places resembling a dark schistose 

granulite; this has locally been termed 'the internal zone' and becomes more evident 

and of increasing width in depth. This is not ubiquitously the case; the occurence of 
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this internal zone being discussed in the section liThe Shamrocke Ore Zone ll
• 

The structure of this granulite zone will be briefly discussed in the 

section on structure, however, it is pertinent to mention here that no further 

granulitic rock, or for that matter arenaceous rock, is found eastv/ards of the Main I 

Adi t and across the Angwa River. This granulite zone in p1a.n indicates a tight 

lateral fold, possibly a very tight anticline, nosing andpluhging to the east, the 

limbs opening slightly westwards. 

In the Shamrocke section granulite bands in the hanging wall of the ore 

~one a re narrow and infrequent, the widest zone· being approximately 110 feet thick 
.... 

some 700 feet above the orebody. Westwards from the Mine and towards the 

Nyashiri River to the west,arenitic bands are frequent and of varying thickness. 

The maJority of these bands are best described as calcareous grit, which in thin 

section resemble the Shamrocke granulite, but are not as metamorphosed and 

·recrystallised and at surface often form a crumbly, sugary, calcareous grit. Some · 

arenite bands are not calcareous and are more compact and buff coloured. The 

plagioclase amphibolite obviously intruded into some 1,500 feet of calcareous grit 

in the vicinity of the Nyashiri River to the west of the Shamrocke Mine; leaving 

pl agioclase amphibolite interlayered with bands of calcareous grit and buff coloured 

a renite generally 30 to 50 feet thick, and in places up to 2,000 fe e t thick. These 

ca lcareous grits to the west however have never been seen to contain suiphide 

mineralisation and close spaced geochemical grid soil sampling gave no in~,jcation 

of mineralisation in these rocks. 

The Upper Graphitic Schist and Phyllite (Hanging wall) (Om 4) 

Overlying the Shamrocke Granulite is a zone of medium to fine-grained 

irregula rly banded dark grey mica ·schist and phyllite with alternating bonds of 

grey dol omitic limestone. This zone is approximately 400 feet thick and, although 

not as homogeneous as the Footwall rocks, show only occasional dolomitic limestone 

and g ranu lite bands sporadi call y developed. 

The Upper Dolomite (Dm 5. 1 ) 

Bands of dolomitic limestone become more numerous towards the top of 

the Upper Schist and Phyllite and upwards form an alternating sequence approximately 

300 feet thick , of medium-grained grey-vthite dolomitic limestone, medium-grained 

silici c granulites, grey biotite .schist, quartz and. calcite. Very often the top 

100 to 200 feet of this zone comprises I orgel y banded dolomiti c limestones, in 

places micaceous, siliceous and amphibolised. 

~"'; 
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Plagioclase Amphibolite Sill (Dm 5.2) (See Plate 7B) 

Regularly 700 feet above the granul ite zone is a large concordant 

plagioclase amphibolite sill, between 600 and 1,000 feet thick, found in all the 

deeper boreholes. This corresponds with the large body mapped on surface some 

1,500 to 1,700 feet south of the granulite zone. It appears that this sill intruded 

and assimilated a dolomitic horizon between the Lower and Upper Dolomite. This 

sill is now a medium-to coarse-grained calcoreous plagioclase amphibolite with a 

little disseminated pyrite and pyrrhotite. Occasionally garnetiferous bands are 

evident. 
.... 

The calcareous nature of the plagioclase amphibolite a nd its difference 

in appearance from the other intrusive plagioclase amphibolites of the Shamrocke 

area indicate this assimilation of dolomitic material. The occurrence of narrow 

bands of plagioclase amphibol ite showing distinct gradation of grain size, becoming 

finer-grained towards chilled margins, and the presence of a typical idioblastic 

biotite-garnet conta,ct zone, further indicates intrusion by separate heaves into 

the sill in vario'us places. Generally the sill is a medium-to coarse-grained calcareous 

plagioclase amphibolite with ramifying cQlcite veinlets. It is pitted and brecciated 

with scattered pyrite in solution cavities. Dolomitic limestone and medium-grained 

equigranular pinkish amphibol ised calcite, when occurring as narrow bands, give a 

mixed calc-amphibolite and dolomitic limestone sequence. It is evident thgt the 

sill has differentially replaced dolomitic material, both down-dip and laterally~/ 

In places the dolomitic sequence is only partly intruded by plagioclase amphib,olite, 

with much remnant dolomitic limestone and calcite, whereas elsewhere the plagioclase 

amphibolite almost entirely takes the place of the dolomitic sequence. Occasional 

norrow bands of grey compact granulites are found within this amphibolite band, 

general! y some 300 feet aQove the lower contact. The limestone and cal careous 

zones are generally either a fine-to medium-grained grey dolomitic limestone, in 

places si I i cified, or white to pink equigranular cal cite bands • .. 

The Upper Dolomite (Dm 5.3) 

Immediately overlying the sill of calcareous plagioclase amphibolite 

intruded into the dolomitic sequence, is a zone of medium-grained grey dolomitic 

I imestone, often with decussate amphibol e lath development. Zones of coarse­

grained pink dolomite and calcite with irregular inclusions of crushed green amphibole 

give a large~cale mottled appearance. Narrow bands of compact crystalline pink 
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cal cite abound. This upper dolomite zone occurs regularly 1,200 to 1 ,400 feet 

above the Shamrocke Granulite and is upwards of 600 feet thick; the upper 

portions are generally intruded by further concordant sills of plagioclase amphibolite. 

One important feature of this dolomite zone is a fairly persistent and coarse-grained 

garnet amphibole staurolite schist regularly some 1,500 feet above the Shamrocke 

Granulite. This is the only place where staurolite is positively identified in 

the Shamrocke area and is an important index mineral for metamorphic facies 

i dentifi cation. 

The upper contact of this dolomite is accepted as the upper contact of the 

-Dolomi te Seri es. AI though no further boreholes were dri II ed south of this dolomi te, 
' ';. 

detailed field mapping did not reveal further dolomitic rock to the south. These 

dolomites have interbedded with them granulitic rocks which vary from a silicified 

grey grahulite to a pink micaceous granulite. These granulites are generally more 

compact and recrystallised than those of the ore zone and in places are mineralised 

with pyrite. No copper values are encountered in these hanging-wall granulites. 

Occasional bands of quartz-felspar-biotite-garnet schist occur. 

THE ARGILLACEOUS SERIES 

Overlying the Dolomite Series with no obvious unconformity is the 

Argillateous Series, a very thick sequence of micaceous phyllites, schists, sa'ndstones 

andquartzi.tes. The lower members of this series are found in the area sOl,Jth of 

the Shamrocke Mine to the Deta/ Angwa confluence, thereafter westwards the/ rocks 

belong to the Piriwiri System as described by Stagman (1959) I or the Upper Shales a.s 

described by Workman , (1 9{)2) • 

Immediately overlying the Dolomite Series the Argillaceous S ,;~· ries 

comprises alternating bands of dark mica schist, felspathic sandstone and quartzites, 

and some limestone bands. 

The arenaceous members are of two distinct typ.es; a fine to medium­

grained compact grey-white quartzi,te and ci- medium-grained grey to brown 

felspathic sandstone. The schist is predominantly coarse-grained dark-grey to 

black,mica schist (biotite, muscovite and sericite), and shows a silky appearance due 

to the abundance of the large micas. Dark fine-grained schistose phyllites also 

occur with a more compact fabri c. In the area i mmediatel y south of the Dolomite 

Group in the Shamrocke section the rocks are a series of intercalated metamorphosed 

argillaceous and arenaceous horizons being intruded by large sills and narrow dykes 

of plagIoclase amphibolite. 
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At the Detal Angwa River confluence a prominent ridge of blocky quartzites 

occur, the Deta Quartzites. Southwards and southwestwards from this quartzite 

and overlying it is the Deta Schist, in turn overlain by the monotonous series of 

dark graphitic phyllites, described as Piriwiri Seri~s phyllites by Stagman, and 

Upper Shales by Workman. The contact between the Deta schists and the Piriwiri 

phyll ites or Upper shales is outside the boundary of the present work and is therefore 

unrecorded. 
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B 3. STRUCTURE OF THE ORE ZONE 

As previously described, the ore zone granulites are evident at surface by 

a zone of granulitic rocks approximately 100 feet wide, striking roughly east-Nest 

and dipping somewhat uniformly to the south at generally 500 
- 700

• The zone 

appears to be a tight lateral fold closing in the vicinity of the Main Adit and 

plunging to the east. These granulitic rocks are not seen eastwards of the Angwa 

River while westwards the zone thins to a width of 20 feet in places and disappears 

against the edge of a narrow intrusive meta-diabase which may have assimilated the 

zone. Westwards from this point boreholes did not intersect the zone ~t the same 

level but intersected a similar narrow zone of granulite very much deeper and further 

north; however, detailed surface mapping failed to elucidate the structure due 

mainly to numerous concordaht plagioclase amphibolite sills, and lack of more 

drilling westwards. 

The underground logging showed that the deposit cannot be treated as an 

uncomplicated plan?r one. The suggestion of a tight lateral fold nosing out to the 

east and accompanied by a plunge eastwards is substantiated by minor fold axes 

and plunges recorded during the underground logging. This would explain the 

spl it in the body to the west (as indi cated both underground and on surface) I the 

limbs of the fold opening out and thinning in a westerly direction. Subsidiary drag­

folding and ingress of folded internal zones within the body can be seen in the w?rkings. 

Any duplication of beds is obscured by differential local metamorphism •. ' / 
, / 

The narrowness and uniformity of the granulite zone to at least some 25pO feet 'down-
I 

dip, the parallel ism of the upper and lower contact and the irregular nature of the 

"internal zone" indicates the fold, if it is a fold, to be very tight indeed. 

Information with regard the width and position of the orebody mineral isation 

relative to the granulite zone is strictly the specific knowledgeof the exploration 

group under whose auspices the work was carried out and therefore has no place in 

this discussion. Furthermore, information with regard the details of structure of the 

deposit must also be considered classified to the exploration group and should not be 

pursued here. 
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B 4. PET R 0 G RAP H Y 

DESCRIPTIVE PETROGRAPHY 

THE ESCARPMENT SERIES 

The rocks comprising the Escarpment Series northwards from the Mukwishe 

ridge are largely metamorphosed sediments which form an irregular succession of 

gneisses, meta-arkose, quartzites, amphibolites, mica schists, migmatites and 

limestones. 
., 

These rocks are described here from observations during field mapping. 

Thin sections were prepared of representative gneiss, quartzite and meta-arkose 

specimens only. The following is a description of each rock type of the area: 

Meta-Arkose -This meta-arkose is the predominant rock type of the Escarpment 

Seri es and grades I aterall y into both migmoti tes and gneisses. Three types of arkose 

are described: (i) a cC!)arse-grained, well sorted,gritty meta-arkose often with 

abundant mafic mi~erals (ii) a fine-grained clean buff-coloured meta-arkose, 

generally free from mafic minerals (iii) meta-arkose subjected to a higher degree of 

metamorphism and distinctly amphibolitic. 

The coarse-grained gritty meta-arkose occurs massively and rarely gives 

any indication of bedding, whereas the jointing of the fine-grained arkose,/ 

presumably along bedding planes, gives an indication of structure. 

This meta-arkose in thin section is generally of equigranulq'r texture with 

fine to coarse-grained varieties. Grain size varies from 0.1 mm to approximately 

1 mm and the fabric is generally that of a mosaic of interlocking mineral grains 

showing early signs of recrystall isation. 

The mineral assemblage is generally felspar, quartz, biotite, chlorite, 

muscovite, c1inozoisite, microcline, epidote, with at times sphene and apatite as 

accessory minerals. 

The meta-arkose does not have a great deal of quartz and is largely 

felspathic. The typical mineral composition of a leucocratic coarse-grained meta-arkose 

and that of a medium-grained epidotised meta-arkose with some mafic minerals is 

as follows: 
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Leucocratic Coarse-Grained 
Meta-Arkose. 

Epidotised Meta-Arkose 
With Mafi c Minerals. 

Plqgioclase Felspar 
Quartz 
Biotite, Epidote, Metallic ore, 

90% 
5% -10% 
Less than 2% 

Felspar 
Quartz 
Chlorite 

73% 
5% 
10% 

Clinozoisite 50/0 
Epidote 5% 
Mus co v i te 20/0 

The epidote content of these arkoses can at times be as high as 300/0 

this mineral occurring as scattered anhedral granules. 

The individual minerals generally occur in the following manner: 

Quartz - few scattered anhedral grains. 

Plagioclase felspar: generally reasonably clear but slightly 

altered to saussurite in places. Approximately half the plagioclase 

crystals are twinned and the rest are untwinned. The twinning appears 

to follow the albite law. 

Microcline: commonly occurs in the meta-arkose and with the characteristic 

lamel fae at right angles to one anothe~. 

Biotite - light brown to black, pleochroic. 

Chlorite - pale to dark-green, pleochroic with a 2V angle of ~ 450
• 

Clinozoisite - an anomalous blue interference colour with c/Z angle 

of 00 , biaxial and 2V angle 700 - 900
• 

Amphibole Gneiss - This is a medium-to coarse-grained equigranular hornblel1de 

biotite gneiss with the foliation and banding in the form of linear amphibole, ' 
1 

porphyroblasts and quartzo-felspathic bands. Flow folding is conspic~ous. In thin 

section this is granoblastic equigranular with the mineral assemblage quartz, plagioclase 

(untwinned), microcline, biotite/chlorite and accessory sphene and apatite. When 

less mafic and less banded, the rock in thin section closely resembles the meta-arkose. 

Quartzite - A fine-graihed, compact usually clean quartzite with in places a 

greenish mica. The fabric is generally one Gf sutured quartz grains interlocking, 

with both a siliceous and ferruginous cement. The rock is generally fine-grained 

within the range 0.1 to 0.3 mm. and the mineral assemblage generally quartz and 

felspar. 

Amphibolites - Amphibolites are ubiquitous throughout the area and appear to be 

mainly a quartz amphibolite, occasionally with epidote. A lineation of the amphiboles 

is evident and in places it shows unmistakable signs of flowage. These are both 

concordant and transgressive and appear to alter with weathering to a quartz biotite 

schist. An occasional dark-green monomineralic amphibolite occurs, at times tending 

to be calcareous. 
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Quartz Mi ca Schist. 

Here there are two distinct types, the quortz-biotite schist which occurs 

as a weathering product of the amphibolites anda quartz-muscovite schist which 

occurs ds a weathering product of an extremely micaceous and schistose variety 

of meta-arkose. The quartz is granoblastic and the mafic minerals are generally 

arranged in a decussate pattern, with very often minute colourless to greenish laths 

of tremolite and actinolite. 

Limestone 

This is a clean, white, fine-to medium-grained rock consisting mainly 

of dolomite and calcite with some tremolite. 

THE LOMAGUNDI SYSTEM 

THE DEWERAS SERIES 

The Deweras Series in this area does not have a conglomerate at the 

base. The Series Iy,ing unconformably upon the Escarpment Series consists largely of 

quartz mica hornblende schist, arenaceous biotite schist, anthophyllite,tremolite 

c;md actinolite schist, hard fine-grained grey meta-quartzite and thin shale bands. 

Meta:quartzites. 

These are hard fine-grained,grey,glassy meta-quartzites composed mainly 

of quartz with a little subordinate muscovite and microcline. In places the mer6-

quartzites can become epidotitic. 

Meta "'arkose 

The meta-arkose of the Deweras Series is generally fine-grained white to 

buff coloured generally free of mafies, and occasionally micaceous. They are often 

hard and granular, buff coloured to pink, whi ch on mi croscopi c examination indi cate 

grains of plagioclase ranging in size from 0.1 to 0.5 mm. and a little quartz. The 

principal mineral assemblage is plagioclase, ~uartz and microcline with subordinate 

biotite, tremolite, actinolite, hornblende, muscovite, epidote, chlorite, sphene 

and apatite. The composition of this arkose is averaged as follows: quartz 12%., 

plagioclase 71%., microcline 5-10%., hornblende/tremolite/actinolite 20/0., 

chlorite/sphene/apatite/edidote - trace. 
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Anthophyllite, Tremolite and Actinolite Schist 

These schists are quartz mi ca schists generally with a high percentage of 

amphiboles. These can be so amphibolised as to be almost monomineralic, generally 

with a decussate arrangement of acti nol i te, tremol i te and anthophyll i te. 

THE DOLOMITE SERIES 

The Shamrocke deposit occurs within the Dolomite Series and the rocks 

as described below are from the general vicinity of this deposit. The Series comprises 

quartzite/graphitic biotite schist and phyllite, granulite, calcareous g'rit, amphibolite, 

dolomite and limestone. 

Meta-quartzi te 

Hard fine-grained grey quartzite composed mainl y of reconstituted 

quartz grains with mi croci ine. 

PHYLLITE AND SCH 1ST 

In hand specimen these are fine-to medium-grained foliated dark-grey 

to black schist and phyllite, in places quite carbonaceous. Macroscopic 

porphyroblasts are often abundant. In thin section these are predominantly fine­

grained, xenoblastic, and sometimes porphyroblastic, biotite phyllite with a ground 

mass of fine anhedral felspar and quartz with abundant biotite, in generall~ 

exhibiting lineation. Tremolite, anthophyllite, green amphibole and ,garnet 

occur as porphyroblasts. Golden brown strongly pleochroi c staurol ite ,occurs , in 
I 

porphyroblastic habit in a coarse-grained garnet~taurolite schist. Accessory 

minerals are calcite, rutile, zircon and opague ores. Shreds, segregations, 

lenticles and veins of graphite impart a black colour to the schist. Graphite is also 

included in the felspar. Abundant elongated lath-like porphyroblasts, sometimes 

curved, are found to be granular felspar and quartz segregations. 

The different types of phyllites and schists as recognised in the immediate 

vicinity of the Shamrocke Mine are: 

Graphitic Biotite Schist and Phyllite 

Garnetiferous Biotite Schist and Phyllite 

Anthophyllite, Cummingtonite, and Actinolite Schist 

Calcareous Schist and Phyllite 

Garnet Staurol ite Schist 

= .... ;; 
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EXPLANATION OF PLATE 10 

A. Fine-grained biotite-sch ist with minor graph ite. 

Section cut perpendicular to the schistosity • 

Ordinary I ight X 40. 

B. Fine~grained graph itic biotite sch ist showing distinct 

parallelism of biotite prisms. Section cut parallel to the 

schistosity • 

Ordinary light " .. X 40. 

C. Fine-grained graphitic biotite schist. Graphite shreds and flakes 

in groundmass. 

Section cut perpendicular to the sch istosity. 

Ordinary I ight X 40. 

D. Fine-grained calcareous biotite schist with calcite as larger 

crystals in the groundmass. 

Crossed Nicols X 40. 

E. Same section as A. Ordinary I ight X 100 

F. Same section as B. Ordinary I ight X 100,. 
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EXPLANATION OF PLATE II. 

A. Biotite sch ist wi tl1i porphyroblast of granular quartz and 

felspor. Segregation or pseudomorph after a metamorphic mineral? 

Ordinary I igh t X 40 

B. Biotite sch ist wi th porphyroblast of granulor quartz and felspar. 

Crossed Nicols X 40. 

C. Garnetiferous biotite schist - one small anhedral garnet crystal (G) 

in plagioclase-qvartz groundmass and hornbl~nde and biotite 

shreds. 

Ordinary I ight Low Power. 

D. Highly graphitic amphibole porphyroblast in fine-grained graphitic 

biotite sch ist. 

Ordinary I ight X 40. 

E. Narrow anthophyll ite crystals in fine-grained graphitic sch ist. 

Crossed Nicols Low Power. 

F. Grophitic; anthophyllite porphyroblast in fine-grained graphitic 

biotite sch ist. Graph itic impurity only in central portion of 

anthophyll ite crystal. 

Ordinary light X 4O. i 
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Graphitic: Biotite Schist and Phyllite (See Plate 10 A,B,C, and D) 

In hand specimen these are generally fine-grained, dark-grey, 

carbonaceous schist and phyllite, fairly well foliated. In places more slaty types are 

comp6ct and appear to contain more graphite. In thin section the fabric is generally 

fine-grained crystalloblastic to xenoblastic with crystals from less than 0.05 mm 

in size to approximately 0.1 mm. 

The biotite is both subhedral and anhedral. In some sections preferred 

~rientation of the biotite causes a very definite lineation whereas in others the 

lineation is not very distinct, with the biotite showing no preferred orientation. 

The graphite content is generally as irregular shreds masking much of the crystallinity. 

Felspar and quartz generally form a fine-grained xenoblastic groundmass, with 

anhedral crystals of up to 0.1 mm in size. 

Generally the schist and phyllite is distinctly porphyroblastic. These 

porphyroblasts vary in both size and form and vary from .5 mm to 5 mm long, 

generally elongated along the plane of the foliation, and comprise largely granular 

aggregates of clear anhedral plagioclase and subordinate quartz. These porphyroblasts 

are at times zoned and appear to be either segregations of felspar and quartz or 

granular quartz/felspar pseudomorphs after some metamorphic mineral, possibly 

kyanite or staurolite (see Plate 25 A and B). At times the outer zone is of/clear 

anhedral quartz and felspar with an inner zone of finer-grained altered plagio9'lase 

and murky quartz showing distinctly undulose extinction. Hornblende, acti~'l'~lite 

and anthophyllite are also common porphyroblasts (see Plate 10 D, E and F). 

The mineral assemblage of the schists and phyll ite is : felspar, quartz, 

biotite, graphite and the accessory minerals garnet, rutile, calcite and opaque 

ores. J 

Garnetiferous Schist and Phyll ite (See Plate 11). 

Large garnet porphyroblasts up to 2 mm across develop in a groundmass 

which is a fin~rained quartzo-felspathic biotite matrix with the biotite often 

showing parallelism of laths. The garnet is pale-pink, almandine garnet, often 

showing signs of rotation and very deformed due to stress. Opa~ue ore inclusions 

in the garnet are common and these often i ndi cate the rotational development. 

The garnet is at times a pale brown colour and is isotropic. Amphibole 

porphyroblasts which develop are generally anthophyllite, actinolite or cummingtonite 

crystals of up to 2 cm in length. These porphyroblasts tend to be generally Idrge, 

widely scattered and idioblastic. In contrast to the amphibole of the granulite, 

these porphyroblasts contain much included graphite as minute specks which tend 
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to mask the colour" 'Any wavy texture of the graphite exhibited through the rock 

fabric passes through the porphyroblasts indicating that the porphyroblast growth 

did not disturb the groundmass texture. 

Garnet Staurolite Schist (See Plate 20 A, B and C) 

This is generQlly medium-to coarse-grained garnet staurolite ,schist with 

small porphyroblasts of subhedral pink garnets. Schistosity is generally lacking and 

a decusst::fte matrix predo,minates. Biotite sheaths are very prominent in the hand 

specimen. In thin section these garnet staurolite schists show a coarse-grained 

"'crystalloblastic, slightly deformed matrix. Subhedral almandine gar~t has a 

somewhat porphyroblastic habit together with large bladed greenish amphibole 

crystals .. Garnet is pinkish almandine, isotropic and anhedral and deformed by . 

stress.. Distinct evidence of rotation of the crystal is .given parti cularly by opaque 

ore inclusions in the garnet.. Staurolite crystals appear fractured by stress, and 

tend to follow the direction of the amphibole. It is strongly pleochroic, from a 

deep golden~rown to a I ight-brown. Quartz i ncl us ions in the staurol ite are common 

and abundant.. Occasional subhedral biotiteforms a decussate arrangement within 

a matrix of anhedral quartz and felspar. Irregular scattered opaque ore crystals 

are present 0 

This is one of the few rocks of the Shamrocke area where quartz is a 

prominent constituent mineral" The quartz is clear and generally anhedraJ with 

undulose extinction" Quartz is important as inclusions in the staurol ite .. 

Staurol ite occurs as anhedral crystals whi ch appear fractured .. 

GRANULITE 

In hand specimen this is generally a fine-to medium-grained pinkish 

felspar biotite rocK, sometimes strongly amphibol ised. Mi croscopi cally the 

granul ite can be described as a fine-to medium-grained granulose felspar biotite 

rock with the predominant fabric a granoblqstic mosaic of plagioclase felspar • .. 
The plagioclase is usually in the form of clear pellucid untwinned anhedral crys,tals. 

The chief characteristic of the granulite of the ore zone is the very low quartz 

content, generally less than 60/0, and very often with quartz being almost entirely 

absent .. 

•. ~? 
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It is extremely difficult to distinguish between quartz and felspar in 

the groundmass of the granulHe, and to establ ish the existence or note of orthdcl dlse, 

without resorting to Selective Staining. Early in the investigation optical examtl1ation 

indicated that the quartz content was very low, this being subsequently shown to be 

correct by the staining. Identification by optical means is very difficult· oft the small 

crystdls and is impossible when applying modal analysis. The Selective Stair1ing 

showed plagioclase felspar to predominate, with virtually no orthoclase. The 

plagioclase stoJns red with potassium rhodizonate solution after etching with 

hydrofluoric acid while the quartz is unaffected. The etch effect with HF on the 
. . 

p.lagioclase is very distinctive while the quartz remains unetched. With ., 
cobaltinitrite solution no yellow stain was seen to indicate the presence of 

or·thoclase, except on one c rystalin the section. 

The two predominant mafic minerals are biotite and amphibole. The 

former is an important consti tuent of the granul i te and general I y occurs in 

porphyroblastic habit as fairly large, brown non-pleochoric basal flakes and lath 

shaped pleochroic crystals. These do in some cases show a preferred orientation 

within' thegronulite. The amphibole, usually present as subhedral lath porphyroblasts , . . 

can be up to 5 mm long. Both aluminous and non-aluminous amphiboles have 

been determined from the orebody granulites. Though hornblende appears ubiquito usly 

through the rocks of the Shamrocke Mine, the non-aluminous amphiboles are generally 

only found in close proximity to the ore zone. Three distinct ncn-aluminous 

amphiboles have been identified, anthophyllite, cummingtonite and tremol i t~-ac,tirlc lite. 

The hornbl e nde varies from colourless to a dark-green and occurs 5 porq'~ncally 

throughout the ore zone granulite, and never occurs together with nOr1'''alumi 'n:>u~ 

amphiboles. It 'genera'lly occurs as scattered prophyroblasts 1 h 2 mm long showing 

typical poikiloblastic or "sieve structure" with remhant ground rnas5 plagioclase 

occurring as small inclusions. These amphiboles ar'edescribed i;" detail in the 

section B5, "Mineralogy". The colour of the hornblende is general! y darker green 

outside the ore zone in both hangingwalf and footwall, and Sll<l WS a strong pleochroism 

outside the ore zone with a weaker to non-e~ istent pleochrois rn within the ore zone. 

The exti nction angle c/Z was general! y constant for the hornb k:i1des between 14° 

and 1 j'O. The refractive indeces of the hornblendes of the ore zone are distinc·fi y 

lower than those in the hangingwdll. 

The non-aluminous amphi'='oles aJI have a similar made of occurrence and 

appear similar in hand specimen. The a n thophyllite is seen to be colourless to 

straw-coloured, (Plate 16 A and B) the cummingtonite a pale-brown (Plate 16 C) 

and the tremolite-acHnolite a pale to distinct green (Plate 16 A, E and F). 
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. EXPLANATION OF PLATE 12. 

A. Medium-grained biotite granulite. Note unaltered clear 

felsic groundmass with basal and prismatic biotite (8t). Scattered 

rutile prisms (e.~. centre of cross hairs). 

Ordi nary light, Low Power X 40. 

B. Medium-grained biotite granul ite. Granoblastic plagioclase 

groundmass with no twinning. 

Crossed Nicols X 40. 
~ ' " 

C. Fine-grained biotite granul ite with scattered sulph ide ore. Groundmass 

is granoblQstic plagioclase with very minor quartz. 

Ordinary light. X 40. 

D. Fine-grained biotite granul ite with scattered sulph ide ore (cf 12C). 

Groundmass is granoblastic plagioclase with very minor quartz. 

Crossed Nicols X 40. 

E. Medium-grained calcareous granul ite. Note absence of biotite. 

Anhedral cal cite crystals (Co) larger than plagioclase groundmass {P}. 

Crossed Nicols X 40. 

F. Garnet actinol ite granulfte- anhedral pale-grey to pink garnet (G), 

very pale actinol ite prisms (Act) and pale brown biotite (Bt). 

. .. 
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These non-aluminous amphibvfes occur eithetas needle-like crystals orla~ge 

elongated wid~ly scattered prophyroblasfs, often poikiloblastic, the "sieve 

structure ll being more marked in the granulites than in the surrounding s.chtsts. 

Accessory minerals are rutile, calcite, apatite and the iron and copper 

sulphides. The rutile occurs as minute yellowish brown crystals showing straight 

extinction and hdvi ngan adamantine lustre, the calcite generally as anhedral 

crystals, and the apatite as rounded, columnar and narrow needle-like crystals. 

The gtanulttes show distinct differences one to another and the following 

types have been identified: Biotite Granulite 

Amphibole Biotite Granulite (Hornblende,anthophyllite, 

cummingtonite, and 

Garnetiferous Biotite Granul ite 

Calcareous Biotite Granvlite 

. Grey Glassy Granulite. 

Biotite Granulite . (See Plate 12 Ai B, C arid D). 

tremol ite-actinol ite.) 

The simple biotite granulite of the ore zone is generally a fine-grained, 

pink to grey felspar biotite rock, with an: equigranolar fabric consisting largely 

of plagio clase and biotite. The abundance of bio,tite often imparts a slIght 

schistos ity to the fabric. In places the pale felsic mine rals are distinctly glassy. 

In thin section they are fine-grained and granob lastic with the felsic . minerals q 

moss of plagioclase which is seldom twinned. The plagioclase is generally 

una H'ered and fresh. .Biotite c ccurs as two types I the more abundant· c;:rnhedral I ight-
i 

brown no n-pleochroic ground t(loss crysta,ls becomi ng green in places~ and the 

occasional well formed highl)' pleochroi c subhedral prismati c laths. These laths 

can be up to 0.2 Inm long. From both microscopic exomination and selective 

staining it appears that there is little or no quartz in the fabric. The mineral 

assemblage is plagj(i)clase and b iotite with accessory amphibole, calci·te, rutile, 

sphene and opaque ore. 

Amphibole Biotite Granul ite 
~ 

As prevtously discussed the amphiboles in these granul ites are hornblende, 

Qnthophyllite, cummingtonite, end tremolite-actinolite. The mode of occurrence 

of these minerals is described in detai I under Section B5 II Mineralogyll • These 

amphj.~Qlised granulites are generaHy fine-to medium-grained and pinkish. The 

amphIbole porphyroblasts are generalfysub-I inear or occur 0$ shreds and scattered 

porphyroblasts throughout the groundmoss fabric. The amphibole crystals can be 

:;~ 



from 1 mm to 5 mm. The amphibole in porphyroblastic habit can at times be 

estimated at 20% of the rock. The groundmass fabric is very similar to the 

biotite granulite. 
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Within the amphibole prophyroblasts scattered minute crystals of rutile 

are present which are either dark red-brown slightly pleochroic and anhedral 

crystals, or occur as narrow short columnar crystals and as small granules. 

Grey Glassy Granulite 

There is a variety of medium-grained compact grey granulite '~howing a 

mass of glassy felspar and occasional small colourless fibrous amphiboles, and 

finely disseminated chalcopyrite and pyrrhotite. The peculiarity of this rock is 

the limited amount of biotite making its appearance only as occasional flakes. 

Garnetiferous Granulite (See Plate 12 F). 

Where the granulite is garnetiferous the garnets are almandine,pink to grey 
, 

in thin section, showing a distinct poikiloblastic texture. Generally where garnets 

occur apatite is an accessory mineral. 

Calcareous ~iotite Granulite (See Plate 12 E) 

This is a medium-grained compact grey cal careous granul ite or aflledium­

grained pinkish amphibolised granulite with an abundance of scattered anhe~ral 

calcite in the groundmass. In thin section the rock comprises a granoblasfic 

fabric with crystals of plagioclase felspar and calcite of varying siz~. The 

calcite are crystals up to 0.1 mm in size, anhedral in habit, showing polysynthetic 

,twinning in two directions. Tremolite-actinolite is generally scatte~ about the 

:groundmass as smal ( anhedral and subhedral crystals. Occasional biotite occurs 

within this rock. When the rock type is compared in thin section with the 

calcareous grit west of the Shamrocke deposit, there is a distinct similarity in 

texture and mineral composition. Calcite ~an c~mprise some 400/0 to 50% of the 

rock. 

PORPHYROBLASTIC FELSPAR-AMPHIBOLE ROCK (See Plate 15 A and B) 

This is a coarse-grained porphyroblasti c felspar-amphibole rock whi ch at 

the outset of the study was termed from hand specimen evidence II Quartz Amphibole 

Rock". However, in subsequent thin section work little quartz was found. Again 

the diagnostic assemblage plagioclase - hornblende occurs with porphyroblasts of 
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dark green amphibole occutring within a xenoblasti c groundmass ,of plagioclase 

with minor quartz. The pl(lgioclase felspar generally is clear and mostly 

unfwinned, with oC~(lsioridl twinning with pO<Qtly developed composition planes. 
, - ~ . . 

Alteration of the fels:par glves shreds ofeptaot~ 'which in some cases become quite 

. abundantG 

The dark-green extreme ly pleochroic arnphib~le has alf the propertles 

of hornblende. In hand specimen fhe hornblende occurs as large dark-green 

bladed laths up to 10 mm in length, either orientated sub-parallel or more 

generally with irregular arrangement'. The large poikiloblastic crystals show Q 

distinctive "sievesiTuctu're" with-interstitial clear unfwinned plag'toclase. The 

green colouration of the hornbl,e nde c;>f this rock of the ore z;one is decidedly 

paler f'han the dark green of the ~ornblendes of the hangingwall felspar-amphibole 

r'ock and has a weak~r pi eochroism. 

Similar to the granulite, the porphyroblastic felspar-amphibole rock 

contdins some 50/0 of quartz, occurring as clear anhedral crystals (uniaxial 

positive) which are unstained by potassium rhodizonate. 

These rocks become at times exceptionally calcareous, the calcite 

occu~t'i ng as a variab le component of the groundmass, with typical calcite relief 

and birefringence ;. The calcite occurs either within the groundmass fabric 
, . 

or is associated with the hornblelide in the interstices of t,he poiki'loblastic 

texture 0 

An average modal analysis was as follows: 

plagioclase 

hornblende 

quartz 

opaque ores 

biotite 

and $phene , garnet ruti·le and 

apatite 

'550/0 

34% 

50/0 

2.50/0 

10/0 

1-2% 

,The relative proportion of grouridmass to porphyrbblasts averaged 70% groundmass 

Qnd 30% porphyroblasts. The rutile occurs as cll,Istersof abundant yellow-brown 

minute laths and tiny occasionally rounded anhtdrol crystals scattered throughout 

the fab'ric (occasional knee-twins). Apatite generally occurs scattered through the 

rock as sma" rounded crystals. ' Occasional large isotropic basal sections of apatite 

occur ~ 

. ~ 
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CARBONATE ROCKS (See Plate 19 B) 

The carbonate rocks, other than the calcareous granulite and schist, 

vary in composition from pure dolomite, through dolomitic limestone to pure 

limestone. 

The dolomite, generally occurring high in the sequence above the ore 

zone, is a medium-to coarse-grained pinkish crystal I ine dolomite with much crushed 

green amphibole, giving a large scale mottled appearance with much finely 

disseminated pyrite. Occasionally the dolomite is a coarse-grained pink and 

grey crystal I ised dolomite with no other mineral present. . ... 

The dolomiti c I imestone and pure I imestone is generally a fine -to medium­

grained light-grey to white limestone often with some remnant schist. The fine­

grained rock is compact and hard with the coarser-grained varieties appearing to 

be somewhat granvlar. Oc<;:asionally these become quite silicic in part with 

granoblastic quartz development. Some biotite and pyrrhotite is at times found, 

particularly in narrow bands along the bedding • 

. AMPH IBOLITES 

From field evidence the plagioclase amphibolite is often transgressive to 

the Lomagundi Sequence and obviously often causes the induration of the 

immediate surrounding rock. The contacts 9f the plagioclase amphibolite are ,/ 

generally finer-grained, in some cases this gradation to finer-grained ' toward~: 

the contacts being very marked. Within the larger bodies of plagiodase 

amphibolite there often occur narrow bands of a generally finer-grained plagioclase 

amphibolite of identical composition, again exhibiting fine-grained margins. 

This evidence, together with the composition and fabric similar to' the plagioclase 

amphibolite of igneous origin elsewhere in the world, make it obvious that these 

amphibolites are metamorphic products of a basic igneous rock, an original 

diabase or dolerite. The "chilled" margins~ and the presence of an idioblastic 

biotite-garnet contact zone indicate very often different "heaves" within a large 

body. 
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EXPLANATION OF PLATE 13. 

A. Fine-grained plagioclase pmphiboHtefshowing both sub-parallel 

laths and basal sections of hornblende. Opaque ore is scattered 

throughout. 

Ordinary I ight X 40. 

B,. Fine-grained pla~io-clase amphibolite, with long narrow crystals 

of ilmenite (11m) with abundant sphene granules (Sph). 

Ordinary light. Medium power X -JOO. 

C. Fine-grained graphitic plagioclase amphibolite, with minute 

shreds and pggregates of graph ite. 

Ordinary light. Medium power X 100. 

D. Highly gornetiferous plagioclase amphibolite. Garnets pale 

grey, rounded and unshattered (G). All the dark sil icotes are 

hornblende (Hb), with no biotite present. Opaque ore minerals 

incl ude narrow i1men ite crystals. 

Ordinary I ight X 100. 

E. Epidotised plagioclaseamphibolite. Epidote as granular masses (Ep). 

F. 

Extremely pleochroic hornblende (Hb) shown in different positions; 

Ordinary - light X 40. 

Calcareous plagioclase amphibolite. Calcite as anhedrql cry~tals 

in groundmass • 

Ordinary light X 100. 
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I t is pertinent to note that some of the more bioti tic and sch istose 

amphibolites could well be of sedimentary origin, however, it is perhaps beyond 

the scope of the present study to identify these with certainty" 

56. 

The Plagioclase Amphibol ite (Meta-diabase) (see Plate 13 A, B, C, D) is a fine­

medium and coarse-grained plagioclase amphibolite with macroscopic dark-green 

amphibole and white felspar. The fabric, as seen in hand specimen, is either a fine 

dark compact rock or, with increasing grain size and clustering of the felspar, a 

more spotted variety. 

Occasional porphyroblasts of varying size occur which appear to be a 

s~gregation of white to grey felspar. As the general grain size of the fubric 

increases, these segregations increase in size, and often tend to be developed along 

a fol iation. These porphyroblastic segregations vary in size from less than 1 mm 

up to occasionally 4 cm in length. In places these plagioclase amph ibol i tesare 

schistose in appearance, where both the hornblende prisms and plagioclase por­

phyroblasts have a preferred orien tation ~ 

The biotit~ content of the plagioclase amphibolite varies considerably. 

As the biotite content in the rock increases so it takes on a more schistose appearance, 

particularly in the fresh broken section. 

Occasionally the plagioclase amphibol ite becomes highly garnetiferous 

(see Plate 13E) where discrete garnet crystals are scattered abundantly throl),ghout 

the rock fabric. These garnets vary in size from microscopic up to 5 mm in size/ ' 

and area pale pink, almandine garnet, occurring as rounded crystals with plag'ioclase, 

quartz and opaque ore incl usions " 

In thin section the plagioclase amphibolite often shows an obvious preferred 

orientation of hornblende prisms which defines a sch istosity, or a ·1 ineation, or 

both. Hornblende and plagioclase are equally abundant, the hornblende occurring 

as a dark-green pleochroic amphibole in the form of subhedral laths (110) or 

occasionally basal sections; the plagioclase ~s equant xenoblastic crystals of clear 

to slightly turbid felspar with only occasional twinning . The hornblende varies in 

grain size from 0.1 mm in the fine-grained variety f'o 1 mm in the coarse-graine·drock , 

Optical analysis shows the hornblende to be different to the hornblende of the other 

rock types of the area by exh ibiting a sl ightly larger 2V angl e (average 60-78
0

) and 

a sl ight decrease in the refractive index. Biotite in the form of both dark-brown 

highly pleochroic laths and non-pleochroic anhedral patches, is extremely common in 

varying proportions, quartz is a minor mineral, and accessory mine,rals are rutile, 

apatite and the opaque .ores. Epidote has only been seen to occur in a few -isolated 

places (see Plate 13F) the lack of abundant ep idote is unusual but m'ay, as is discussed 
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later, be due to the fact that the epidote often substitutes for the anorthite content 

of plagioclase, and with ' the plagioclase of the Shamrocke rocks almost always less 

than An30' the epidote cannot form from the plagioclase. 

Calcareous plagioclase amphibolite {see Plate 13 O}, occurs where the 

calcite causes strong effervescence with dilute HCL. In the more calcareous plagioclase 

amphi bolites,the hornblende content is slightly lower than usual and a greater 

porportion of the rock is composed of felsi c minerals. 

Apatite is developed throughout, either as long needles up to 0.2 mm in 

f.ength, as inclusions in the biotite, o.r as tiny discrete crystals. 
"\. 

The mineral assemblage of the plagioclase amphibolite is generally 

plagioclase and hornblende with accessory quartz, garnet, apatite and opaque 

ore {pyrrhotite and ilmenite}. 

An average modal analysis as carried out on the CTS point counter is as 

follows: 

plag ioclase felspar 21 % 

hornblende 460/0 

quartz 80/0 

biotite 160/0 

opaque ores 8% 

garnet, quartz 

and apatite 1% 

"Chilled" Margins Contact Zone Plagioclase Amphibolite/Schist 

I 

I 

In places in the field it is obvious that the large plagioclase amphibol ite 

bodies are obviously transgressive and intrusive in character,~howingfine-grained 

chilled margins. In addition to this the graphitic schists are distinctly indurated for 

a short distance from the intrusive. This induration produces a hard compact 

fl inty black-to dark-grey schist, very often with scattered minute garnet porphyroblasts . .. 

The plagioclase amphibol ite is generally fairly coarse-grained, however approaching 

the margin of the intrusion the fabric becomes finer-grained with an increased 

development of biotite. Garnets are developed at the margin forming a contact 

zone, of idioblastic biotite and garnet from one inch to a few inches wide. 

Examination of thin sections cut at intervals across the contact zone show an 

increase in size of the biotite porphyroblasts towards the contact. This biotite can 

be up to 1 mm across and shows a very distinct pleochroism from pure yellow in 

the X direction through dark-brown in the Y direction, to a very dark opaque 

brown in the Z direction. 
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THE .ARG ILLACEOUS SERI ES 

Southwards from the Shamrocke Mine and overlying the Dolomite Series, 

the Argillaceous Series is a sequence of intercalated metamorphosed argillaceous 

and arenaceous horizons, being intruded by large bodies of plagioclase amphibolite, 

both transgressive and semi-concordant. Micaceous phyllites and schists, and 

white to buff coloured sandstones and quartzites occur. 

This sequence is correlated with Workmah's Lower Shale Group, which 

he describes as predominantly shales with subsidiary bands of quartzite. The 

.. quartzite he describes as beihg usually thin and persistent, except i·n one place 

in the Angwa River north of the Deta River. Here he describes a thick formation of 

flaggy quartzites. In the area of the Detq/ Angwa River confluence the quartzites 

are thick and cover large areas. 

Metamorphosed Argillaceous Rocks. 

These are represented by various types of mica schist, in some instances 

graphitic. The ~re predominant form is a fai"rly coarse -graineddark-grey to black 

mica schist, wh~re the mica is predominantly biotite, muscovite and sericite. 

These mica schists often show a silky appearance due to the abundance of large 

micas. 

Dark fine-grained phy!lites also occur with a more compact fabric. 

Adjacent to amphibolitic intrusions these phyllites have become indurated a~d 

amphibolised to dark compact aphanitic rocks with occasional large ,porphyroblasts 

of hornblende. 

Metamorphosed Arenaceous Rocks . 

These are represented by two distinct types, a fine""'to medium-grained 

compact grey~hite meta-quartzite and a medium-grained grey to brown felspathic 

sandstone. These outcrop as blocky ridges giving little indication of strike and 

dip. 
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S5LECT!VE STAINING 

The granoblastic fabric of the granulite and felspar-amphibole rock, and 

the anhedral, relatively clear, and unfWinned nature of the salic minerals makes it 

virtually impossible to distinguish between quartz -orthoclase-"Iagioclase, without 

resorting to the selective staining of the rock. Furthermore the appl ication of 

a staining technique assisted materially in distinguishing calcite from dolomite. 

The Quartz-Orthoclase-Plagioclase Problem (see Plate 14,1 A, B, C, D, and E). 

The clear, pellucid and unfWinned anhedral crystals in thin section were 

examined optically without being able to readily identify each cryStal . . Apart from 

the identification of each individual crystal, the difficulty of ready recognition 

of the minerals made modal analysis , of the rock impossible. 

Extensive examination of the interference figures gave early indication 

that quartz was subordinate to felspar in. the majority of the felsic rocks 

and that in some of the granulites 'quartz Was' all but absent. Very few uniaxial 

interference figures were obtained, and, dllowingfor a degree of si-ruin in the 

quartz crystals, it was obvious that the rock comprised largely felspar; o,rthoclase 

or plagioclaseo As is typical of metamorphic rocks the plagioclase is generally 

untwinned and therefore to distinguish between orthoclase and plagioclase in 

the granulite and felspar-amphibole rock of the Shamrocke was difficult without 

selective staining. 
I 

The staining was not highly successful but did allow sufficient rea~,rion 

to distinguish between the minerals and to facilitate modal analysi$. 

The selective staining method chosen was as described by Edgar H. Bailey 

and Rollin E. Stephens (1960) "Selective Staining of K-Feldspar and Plagioclase 

on Rock S labs and Thin 'Sections". They describe a method where plagioclase is 

etched by hydrofluoric acid, the etched surface treated with a solution of 

barium chloride, and then stained red by the reaction with potassium rhodizonate. 

The procedure is combined with the cobaltinitrite staining of K -Felspar to a 

bright yel fow ~ The staining of K-felspar with cobaltinitrite was described by 

Gabrial and Cox (1929) and developed by Rosenblum, . (1956). The method caused 

the residual potassium in the K -Felspar to react with the sodium cobaltinitrite 

to form yellow potassium cobaltinitrite. The staining of the plagioclase is 

achieved by the calcium ion in the etched surface being replaced by the barium 

which in turn reacts with the rhodizonate reagent to form red insoluble barium 

rhodizonate. 
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Due to the fine-grained nature of the roc~ the staining of thick sections 

was not successfu! a nd a ll the staining was done on thin sections 0 Again due to 
- -. 

the fine-grained fabric of the rocks the staining was not highly successful but 

was sufficient to identify the minerals. 

The staining method was attempted, varying all the parameters of length of 

time of etch, etching by immersion in the HF or using the vapour only, thickness of 

section etc. The best results were obtained with thin sections and an etch time of 

45 .seconds in the HF vapour'~ 

The results of the selective staining with rhodizonate and cobaltinitrite 

were as follows: 

1 0 The cobaltinitrite stained some of the biotite differentially yellow end 

only in one section did ~ salic crystal stai.n yellow. It must therefore, 

be assumed that the method was successful and that orthoclase is 

virtually absent from the rocks. 

2. The rhodizonate reaction stained the plagioclase differentially red . 

. The red stain is quite marked on the section under the binocular 

mi croscope in transmitted I ight but loses distinction in transmitted 

light. The red staining clearly indicates that plagioclase is the 

predominant mineral. This is substantiated by the modal analyses. 

3. The most successful aspect of the technique was the etching of the 

plagioclase with the hydrofluoric acid, the quartz being unaffect,¢d. 

The enha nced relief of the plagioclase crystals in thin section by 

the HF etching was the most useful identification criteri~n during 

the .modal analysis of thin sections. 

4. The quartz did not etch with the HF and did not stain, making it readily 

identified after staining" 

5. The stain colours are not intense enough for thin' section colour photography, 

while the differences in relief b~tween the plagioclase and quartz 

is r~dily visible in treated thin section and are recorded by black and 

white photographs (Plate 14 A,B,C,D and E). 

6. Some of the biotite coloured differentially pink. 
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EXPLANA liON OF PLATE 14. 

A. Porphyroblasticfelspar-amph ibole rock stained with potassium 

rhodizondte. The plagioclase felspar is stained red, wh ile 

the quartz remains unstained. The coarser grain of the rock 

facilitate$ staining, more than the finer-grained granul ite. 

Ordinary I ight X 40. 

B~ Porphyroblosticfelspar amphibole rock stained with 

potassium rhodizonate. The plagioclase felspar is stained red, 

wh ile the quartz remains unstained. The coarser grain of the 

rock facil itat~s staining more than the finer-grained granul ite. 

~ ' " 

Ordinary I ight X 100. 

c. Fine-gra ined biotite granul ite after etch ing and sta in ing wi th 

HF and rhodizonate. Q and similar grains are quartz, unaffected 

by etching and staining. P and similar grains are plagioclase 

etched and differentially stoinedred. Dark elongate grains are 

biotite. 

Ordinary light X 50. 

D. Fine-grained biotite granulite with all plagioclase grains well 

stained red by rhodizondte; the quartz remains unstained. The 

plagioclase are the dark semi-opaque crystals due to deep stain. / 

Ordinary light X 50. 

E. Calcite crystals (Ca) stained deep red-purple with haematoxylin 

solution in omphibolised (A) calcareous granulite. 

Ordinary I ight X 40. 

F. Cal cite crystals (Ca) stained red-purple with haematoxyl in sol vtion 

with hornblende (Hb) in cal careous granul ite. 

Ordinary light X 40. 
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The Calcite-Dolomite Problem 

Without resorting to selective staining of the calcite and dolomite, it 

was originally very difficult to distinguish befween calcite and dolomite by 

either macroscopi c or mi croscopi c examination. However after staining, whi ch 

in this instance was extremely successful, the results were examine~ in the light of 

opti cal properties and appearanc~, and it then appearep reasonable to identify the 

carbonate wi th some degree of confidence. 

Having checked various parameters against the result of staining, the 

• following observations became apparent: .... 

(i) The calcite generally occurs as anhedral irregular crystals when 

constituted within the rock fabri c, whereas the dolomite generally 

tends to have crystals with straight sides and display often a more 

anhedral rhombohedral habit. In thin section this is obvious, whereas 

in the hand speciment the criterion appears to be evidence of a 

greater crystallinity of the dolomite within the rock fabric" The 

crystallised white calcite as secondary veining and "blows ll within the 

ore zone is of course an exception to this. 

(ii) The calcite crystals generally appear to be slightly turbid and show a 

slightly less distinct cleavage in ordinary light, and less distinct 

fwi n composition pi ones in crossed pol arised light. Dolomi t~/ on the 

other hand is completely colourless and the cleav~age traces are,/very 
I 

sharp in ordinary light, whereas the fwin planes are very distinct in 

crossed pol arised light. 

(iii) The slight turbidity or murkiness of the calcite crystals appear to 

exhibit an anomalously high rei ief relative to the colourless and 

completely clear dolomite. 

As stated Qbove the selective staining of the calcite was very successful. 

The stoining technique as described by Fairbanks (1925), was us~d where calcite is 

rapidly stained dark red and then deep purple, and the dolomite is unaffected, 

by treatment with a solution of haematoxylin and aluminium chloride. 

The solution was applied to the surface of rock fragments and polished thick 

and thin sEi'ctions. The calcite stained rapidly deep red and then purple while the 

dolomite was unaffected. (See Plate 14· E and F). 
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The only precaution taken was to apply only a f'hin film of the haematoxylin 

solution, as 'f'oo much 'tended 1'0 allow ,the colour to run over the specimen 0 

Furthermore ,the sta in was liable to spread to surrounding crystals on standing and 

all observations were made and phot'ographs taken almos t immediately after staining 0 

Even the appl ication of glycerine tended to cause the colour to runo 

In, hand specimens the calcite stained very easily rendering that contact 

of the rock easil y visibl e 0 

In th ick and thin sections the staining was as successful and allowed, 

p articularly from f'hin section, the detailed observation of the textural relationships 

involving the calcite o Staining of the thin sections allowed for recording this staining 

by photography in transmitted I ight (see PI ate l .. ~ E and F). 

This method of staining is both rapid, easy to apply and diagnosti C 0 
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MODAL DATA 

Modal proportions were determined for the various types of granul ite, 

the felspar '-amph ibole rock and the plagioclase amphibolite. The schist and phyllite 

proved too fine-grai'ned for modal cOiiiposition determination. The modal analysis 

was undertaken using a Swift Point Counter to examine only thin sections that had 

been treated by the cobaltinitrite and rhodizonate staining tehcniques. 

Subsequent to the staining the minerals were readily recognisable in thin 

section, both the red stain to the plagioclase and its greater relief after etching 

with HF making identification of plagioclase from quartz during linea~ traversing 

of the thin sections staisfactory. 

Results of the Modal Analyses 

1 • Granulites 

Fine-grained pink Schistose Biotite Granulites (Sample M3) 

Orebody Sampl e • 

Volume % 

PI agiocl ase 34.9 

Biotite 37.3 

Carbonate 12.5 

O re Minera ls 9.4 

Hornblende 5.4 

Quartz 0.6 

Medi um-g rained pin k Schistose Biotite Granul ite (non amphibbl iti c) 
. (Sample M 25) 

1 000 I abo ve 0 rebody. 

Volume % 

PI ag i 0 cI as e 36.5 

Bioti te 30.6 · 

Quartz 28. 3 ~ 

O re Minera ls 4.6 

K-Felspar Trace. 



Fine-grained pale-grey Anthophyllite Granulite (Sample M 14) 
Orebody Sample. 

Volume % 

Plagioclase 85.0 

Amphibole 7.2 

Biotite 2.2 

Ore Minerals 3.5 

Quartz 2.2 

.. Fine-grained pale white=grey Biotite Granulite (Sample M 24) 
Orebody Sample ~'" 

Volume 0/0 ....... 
Plagioclase 78.1 

Bioti te 11 .6 

Quartz 5.2 I 

Ore Minerals 3.5 

Amphibol,e 1 .5 

Fine-grained pale-greySilicic (Cherty) Granulite (Sample No. 83) 

Plagioclase 

Quartz 

Muscovi te -bioti te 

Ore Minerals 

Volume % 

43.9 

39. 1 

12.8 

4.2 

232 1 above Ore Zone. 
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2. Felspar~Amph ibol e Rock (Sample B/427 at 2050 10") 
Ore Zone Sampl e 

Plagioclase 

Hornblende 

Quartz 

Ore Minerals 

Bioti te 

Sphene, Garnet, Apatite 

3. Plagioclase Amphibolite 

Hornblende 

Plagiocl ase 

Quartz 

Bioti te 

Ore Minerals 

Sphene, Garnet 

Volume 0/0 

55.1 

33.5 

5.9 ;. 

2.65 

1 • 1 

1 .8 

Volume 0/0 

46.9 

20.8 

8. 1 

15.5 

7.5 

1 .2 

~ 
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It is i nter~sti ng to note the very low quartz content of the granul i te and 

felspar"Omphibole rock of the ore zone (less than 60/0 and in one instance 0.60/0). 

The two modes determined for granul ite 232 feet and 1000 feet above the ore 

zone $howed the quartz to be 28.3% and 39. 1% of the rock. This resul twas 

expected after opti CQI examination of the rock$ of the ore zone and those of the 

hangingwall and it would appear that the rocks of the ore zone are quartz 

deficient. Further staining and moddl analysis would be imperative to prove 

this. 
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B5 MINERALOGY 

NON 'OpAQUE' 'MINERALS 

PLAGIOCLASE FELSPAR 

The principal minerals of the Shamrocke rocks are plagioclase 

felspar, biotite and amphibole. The plagioclase has been studied in detail, 

in the hope that the results may lead to a better understanding of the nature 

of the original rock types and the metamorph ic and metasomatic changes these 
..... 

rocks have undergone to produce the well mineral ised orebody granul ite of 

the Shamrocke deposit, and their associated hangingwall and footwall rocks. 

Plagioclase felspar occurs as the domi nant felsic mineral in all 

the rocks of the Mine • . Modal analyses, following the staining of sections, 

show that nowhere in the vicinity of the Shamrocke orebody does the plagio­

clase constitute less than 90% of the felsic constitutents of the rock. 

Suitable plagioclase crystals within some 50 thin sections were 

examined with the universal stage and their average composition, zonal 

variation in composition, twin characteristics and optic orientation determined. 

The results of these determinations are discussed below. 

Appearance in Thin Section 

The plagioclase crystals are typical of the plagioclase felspar of 

metamorph ic rocks. They are granular, xenoblastic and generally clear and 

untwinned. Although these xenoblastic crystals, as a general rule, show no 

distinct morphology, there are instances where one or two cleavage traces are 

visible, and in more isolated cases, twinning. The general lack of twinning 

and/or visible cleavage traces makes composi~ion determination and study of . 
the felspars tedious and difficul t. 

Where twinning does occur there is an absence of fine polysynthetic 

lamellae. The more abundant twinning takes place on the Albite and Ala A twin 

laws with lamellae being very rare. Visible cleavage traces correspond to 

(010) and (001). 

66. 
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The crystals are extremely uniform in size, the normal size 

of the groundmass plagioclase being 0.1 to 0.2 mm., while scattered 

larger crystals up to 0.4 mm. occur. The crystal dimensions in the mica 

s c h ists, however, are of the order of O. 1 mm. or less. 

These crystals are usually clear and unaltered, inclusions are 

not abundant (apart from graphite which is heavily included in the 

plagioclase of the mica schist). 

Twinning and Cleavage .... 

The twin characteristics of these plagioclase felspars are similar 

for all the s,amrocke rock types and show dominant twinning on the Albite 

Law, where the composition plane is (010) and the twin axis is perpendicular 

to (010); and the Ala A Law where the composition plane is (001) and the 

twin axis is (100). Subordinate twinning on the AI bite-Carlsbad, Perlcl ine 

and Manebach laws were encountered, and, although of I imited occurrence, . 

these were important for composition determinations. 

The resul ts obtained from the examination of upwards of 125 crystals 

on the universal stage indicated that there does not seem to be any relation­

ship between chemical composition of the plagioclase and tre commoner 

twin lawso 

In isolated crystals, there is well developed cleavage, where ~ither 
I 

one or two cI eavage traces are visible. These are the (001) basal and (010) 

brachyp inacoidal cleavages. 

Where Perlcl ine twinning was observed, it is as extremely fine 

lamellae which are easily confused with the basal cleavage. Due to the 

fineness of twinning, if only one direction occurs within a plagioclase felspar . 
crystal, it is at times diffi cui t to distinguish twin lamella from the trace of the 

basal cleavage. However, where in isolated cases both exist within the same 

crystal, it is possible to measure the angle between the plane (001) and the 

composition plane. This angle is generally very small, of the order of 50. 

Optic Orientation 

There appears to be a tendency towards a preferred orientation within 

the plagioclase. In a single thin section the orientation of the indicatrix 

is practically the same for all crystals. 

67. 

~..::; 



The rock section ing was not done with spec ific orientation 

relative to mi nor s'lTuctural features, or to the attitude of the orebody .. 

Hence anystCitement relating the optical orientation of the felspar to local 

structures and stress conditions cannot be made with confidence. However, it 

does appear that the principal section ("A plane wh ich includes the optic 

axes is call ed a Principal Section ", Wahlstroom (1949), contain ing the vectors 

;9 and '6' consistently I ies in a plane with the sch istosity, and where , 

schistosity or bedding is lacking, e.g. within the orebody granul ite, this 

principal section appears to I ie in a plane parallel to the general dip of the 

orebody. As the composition of the plagioclase is relativel y low in th~ ... 

anorthite molecul e, the crystallograph ic axis Z,of the plagioclase I ies with in 
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the plane of the schistosity. (In the AI bite-Ol igoclase portion of the plagioclase 

series the principal plane containing the vectors ~ and '6 is practically 

parallel to the macropinacoid (100) and hence the crystallograph ic axis Z.) 

In most plagioclase crystals examined, the fo vector could be 

brought parallel to the control axis of the Universal Stage (i .e. in sections cut 

parallel to the schistosity), and at least one optic axis brought parallel to the 

mi croscope axiso With the large 2V angle of plagioclase the cases where both 

optic axes could be brought into this position are restricted to crystals where both 

the crystallographic planes 001 and 010 can be orientated vertically, i.e. where 

the X axis can be orientated vertically.' This is in accordance with the optic,al 

orientation of the 01 igoclase member of the plagioclase series, where the X 

axis is virtually parallel to the intersection of planes (001) and (010), and this :' 

axis is the acute bisectrix. Oligoclase is shown to be the dominant plogioclase 

of the Shamrocke rocks .. It follows that any plagioclase crystal in these rocks 

showing two crystallograph ic directions in the form of twin composition planes, 

or cleavages parallel to (001) and 010), has a very good chance of showing 

both optic axes, provided that the clnorthite content is not at a maximum or 

minimum withIn the range found in the Shamrocke rocks. This would place the ' 

plagioclase outside the 01 igoclase range of composition and hence make the 

crystals positive, with Z as the acute bisectrix and X no longer parallel to 

(001) and (010). 

Since most crystals are opticolly negative, and with Y and Z generally 

in the plane of the section (most sections were cut parallel to the schistosity), 

the probability of being able to rotate from one optic axis to another is great. 
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Typical Examples 

1 • Where the dominant twin is the Albite twin, with the Twin Plane (010) 
Pericline 

Twin 

690 

CleCVClCje 
irace 

Albite twinning with Subordinate 

Pericline twinning. The albite twin 

has a twin plane (010). 

Albite +win 

The (001 r cleavag;'tra~e is well developed and the angle between 

th is cleavage plane and the composition plane of the Pericl ine twin caM be 

determined where both occur in the same crystal. Where they do not occur 

together in the section of the crystal examined, it is often difficul t to distingu ish 

between fine pericl ine twinning and the (001) cleavage; in this case, a number 

of parallel traces were accepted as cleavage and any lamella transmitting light 

and showing an extinction was accepted as pericl ine twinning. 

The faster vH?ration direction 0( al ways I ies with in a few degrees of the 

(010) trace, with the slow vibration direction tending to be parallel to the 

tra ce of (00 1 ) • 

2. Where the dominant twin is the Ala twin with the Twin Plane (001) 

Compos ition 

Ala twins on (00l) and subordinate/' 

albite twinning on (010). · 

All composition determinati ons were carried out using the Leitz 4 Axis 

Universal Stage and the measurements taken were according to the zonal method 

of Rittmann (Chudoba & Kennedy, 1933). Th~e distinct lack of well developed 

twin lamellae, the relatively small size of the felspar crystals and the existence 

of a certain degree of zoning, makes the Fedorov Method of felspar determination 

unsuited to this study. The Zonal method of Rittmann is particularly well suited 

to measurements on small, poorly twinned felspar and for the rapid determination 

of progressive compositional changes within zone crystals. 

The accuracy of th is method is qu ite adequate and where con jugate 

resul ts were constantly being obtained with the Rittmann Method for plagioclase 
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containing less than 15% of the anorthite molecule, this difficulty 

was overcome by careful determination of the sign of the extinction angle 

measured from the faster ray (X) to the trace of (010). (I n the Rittmann method 

of plagioclase determination where the extinction angles in the zone per­

pendicular to (001) were measured from X to the trace of (001), conjugate 

positions on the graph were obtained for plagioclase more sodie than An25 ! 

~here the extinction angles are plotted against composition). Where this is 

the case, the decision as, to the correct composition value was made by the 

accurate determination of the optic axial angle. 
" 

The Zonal Method of Felspar (Plagioclase) Determination of Rittmann 

(Chudoba & Kennedy, 1933), uses the universal stage as a means of orientating 

the section under study into the most appropriate position for the determination 

of actual extinctio'n angles. This method is appl icable to the determination 

of the optical properties of the plagioclase of the Shamrocke rocks, due to 

the comparative lack of twinn ing, and the number of determinations necessary 

for the investigation of zonal differences in one crystal. The rapidity of 

composition determination using this method was essential to the study and 

depended upon the nature of the cleavage and composition planes in a twinned 

crystal being determined instantly, and the direct measurement of actual 

extinction angles after the orientation of the cleavage planes vertically. 

The procedure adopted using the Zonal Method of Rittmann is described adequate­

ly by Carl Chudoba (translated by Kennedy)(1933). 

CHARACTERISTICS OF COMPOSITION VARIATION 

A great deal of attention was given to felspar determination in an effort 

to establish a relationship between plagioclase composition and proximity to the 

orebody. Upward of 50 th in sections were examined and composition determination 

of more than 125 plagioclase crystals carried out. As a resul t, some general i­

saHons may be drawn:-

(0 There is a distinct compositional difference between the 

plagioclase of the ore zone granul ites and that of the 

country rock. 

(ii) Th is difference is not created by a serial variation outwards 

from the ore zone, but depicts a sudden change in composition 

outside the I imits of the ore zone. 
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(iii) Zoning was detected in all sections other than the orebody 

granul ite where zon ing is apparentl y absent. The compositional 

variation within a single crystal is always from an acid core 

to a calcic margin. 

(iv) Although there is variation in composition within each rock 

type from place to place, there does not appear to be any 

variation with in anyone th in section. 

Plagioclase Composition within the Ore Zone Granul ite 
'" 

Within the ore zone granul ite the plag ioclase was found to be 

considerably more sodic than that of the hangingwall and footwall 

rocks. From the examination of suitable granul iteth in sections, the 

plagioclase was al ways found to contain I ess than 15% of the anorth ite 

molecule. The composition varies with in these granul ites from An04 

to An15" a range of 11 % An. Each individual section showed a 

completely cohsistent anorthite content of the plagioclase throughout 

the section, within the range of error of the method. 

The composition variation from section tosecfion 

proves interesting. I t was found that no serial variation exists relative 

to the distance from the hangingwall and footwall contacts with the 

schist 0 The plagioclase composition proved irregular throughout the 

orebody, within the range 4% to 15% anorthite. pue to the continual 
I 

change of granul ite appearance from place to place ·w·ithin. the ore zone, 

it is difficul t to relate composition to granul ite character; however, 

it does appear that the more sodic plagioclase occurs adiacent to galcite 

veins and bodies, in fact the innermost zones of the reaction banding 

a bou t th ese ca I cite mosses show the .mos t a c i d i c compos it i on • . 

Plagioclase Composition within the Porphyroblastic Felspar­
Amphibole Rock. 

71 • 

A radical difference in composition was found within the plagioclase 

felspar of the felspar-amphibole rocks, which often form an intermediate 

rock type between the ore zone granul ite and the surrounding s.chists; 

however, they ore not restricted to the ore zone and occ~r at varying 

intervals within ' the hangingwall and footwall, ond have been found as 

. :;, 
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far distant as 1000 feet from the ore zone. Suitable sections were 

examined of this felspar amphibole rock, from both the ore zone, ore zone 

contacts with the schists, and that found in the hangingwall schists. 

In the region of the ore zone and always in close proximity 

with or sometimes enclosed within the orebody granul ite, the plagioclase 

was never found to be more sodic than An
33

• 

The variation in composition throughout these felspar-amphibole ­

rocks is from An
23 

to An
2S 

and, unl ike the granul ite, shows a 

variation within a single rock slice. This latter variation can he 

explained in terms of zoning, with each zoned felspar being intersected 

at different places by the plane of the rock section. The composition 

variation due to the effects of zoning will be discussed under that topic. 

No distinct compositional relationship was found within the 

felspar-amphibole rock relative to the distance from the ore zone. 

However, it does appear that the amph ibol ites with in the ore zone have 

an average composition of An
23 

- An
25 

,- that the felspar 300-500 

feet from this zone tends not to show an anorthite molecule content of 

more than 30%, and that those at 1000 feet and more show examples 

giving a composition of up to An
3S

• The effects of zoning tend -to 

obi iterate evidence for a gradational change. 

Plagioclase Composition within the Plagioclase Amphibolite 

The plagioclase amphibol ite occurring t~roughout the area 

as the possible al teration product of an originally basic igneous rock 

gives a constant range in plagioclase composition of An
23 

to An
33

• 

This is within the range of the zoning. 

Plagioclase Composition within the Mica Schists 

The plagioclase felspar of the hangingwall and footwall mica 

schists is not suitable for optical determination as very few crystals 

showing twinning or visible cleavage are found. Only 7 crystals in 50 

thin sections of the schists gave definite resul ts. These determinations 

gave compositions which were consistently between An30 and An
35

• 

oi~ 

, 

I' ; 

1, . 

" " 

, . ~ 



73 . 

. Zoning 

The character of the zon ing in the felspars was studied in 

detail in the hope that the results would shed some I ight on the difference 

in composition between the plagioclase of the ore zone granulite and the 

other rock types of the area. 

The ore zone granul ite shows an almost complete lack of zoning 

of the plagioclase. Effects of zoning are found in most of the other rocks 

of the Shamrocke area, reaching maximum development in the amphibolites. 

The plagioclase of the mica schists is relatively free of zoning, '".with 

exceptions in the high grade garnet amph ibol e sch ist. 

The degree of this zoning is I imited, the range in composition 

within a single crystal never exceeding 10% of anorthite. The variation 

of composition within the zoned crystals is in every case from an acid 

core, becoming increasingly calcic away from this core •. The variation 

is either sY"1metrical or asymmetrical relative to crystal outline. 

Phemister, terms a progressive variation of this sort "reverse zoning", and 

al though his nomenclature was appl ied to crystal I ine igneous rocks, the 

I iterature on zoned plagioclase of metamorphic rocks is so scarce that 

th is term is adopted here. 

General Character of the Zoning 

(i) The zonal variation on composition is always from ar acid ' 

core becoming progressively more basic towards the margins. 

This is here referred to as reverse zoning. 

(ii) The compositional range with in these crystals does not ever 

exceed 10% of anorth ite. 

(iii) The composition of the acid core is relatively constant within 

a particular rock type. 

(iv) This reverse zoning (see (i) ) occurs either symmetrically or 

asymmetrically relative to the crystal outline. This is 

illustrated when contour I ines of equal composition are drawn 

within the crystal (see Figure 9). However . asymmetrically 

the core may be situated in relation to the crystal edge, the 
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zones of progressive composition change generally occur 

concentrically outwards from this core. The effect of an asymmetrically 

situated core,is for the opposite margins of the crystal to differ in 

composition due to the unequal distance from the core, the extreme 

case being where the core is situated marginally in the crystal, 

giving rise to a composition difference between opposite marginal 

areas equal to the zonal range in composition. 

(v) The progressive variation in composition outwards, as depicted by 

the composition contours, is more a continuous enrichment' in 

the anorth ite content rather than ~harply demarcated boundaries 

between zones of varying composition. The zonal variation of 

composition within a crystal assumes various characteristics; the 

most general form being where a reasonably small acid core is 

surrounded by zones with a constant rate of increase outwards in the 

percentage of anorthite. However, there are forms showing a depar­

ture from this general isation. These forms are explained in the drawings 

in Figure 9. 

(vi) While the zoning is predominantly reverse zoning (see(i) ); there 

are isolated examples showing Oscillatory Reverse Zoning (Phemister) 

but these are very rare (see Figure 9). I n these crystals the acid 
I 

I 

core is generally surrounded by a narrow zone of more albi,tic com/';: 

position, with the outer portions of the crystal reverting t~ reverse 

zon ing. 

(vii) No .direction of maximum variation was found relative to any 

crystallograph ic direction. The isolated cases where zone contours 

tend to straighten out, giving a un idirectional change across the 

crystal, can be explained by the plane of the thin section cutting . 
a zoned crystal well away from the core.. The un idirectional 

vari~tion within narrow twin lamellae is self-explanatory due to the 

narrowness of the lamellae; zone contours are truncated by a well 

developed twin composition plane, giving the effect of the one side 

of such a composition plane, showing zonal characteristics) which do 

not persist across the twin plane. These cases are relatively rare. 

(viii) Not all the plagioclase crystals show zonal characteristics. No 

relation between zoning and twinned crystals was found. 
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(ix) The gradational change is generally more rapid in the 

immediate vicinity of a smc:ill acid core, than further 

outwards. 

'''' 
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FIGURE 9. 

TYPES OF ZONI NG I N PLAGIOCLASE CRYSTALS 

No.1. 

No.2. 

No.3. 

No.4. 

Progressive Reverse Zoning with a 

centrally situated acid core and calcic 

margins. Type abundant. 

Type where the acid core is marginally 

situated, with the opposite margins of the 

crystal of vastly different comp osition. 

Type fairly common. 

Crystal' where the acid core is 

asymmetr i ca II y situated, resu It i ng in 

a greater contour density on one side. 

Type abundant. 

Type showing sl ight asymmetric zon ing 

about a small ac id core. 

Note rapid gradation of composition 

near the core, with wider spaced contours 

towards the margin 0 Type abundant. 

' No.5. A large acid core surrounded by a 
narrower basic mantle where composition­

al change is rapid. Type rare. 
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No.6. 

No.7. 

A crystal showing variation 

along the length of one twin 

lamellafit, with con jugate lamellae 

showing no zon ing at all. 

1..5 

Rare type of Oscillatory Reverse 

Zoning, where the more calcic 

core is surrounded by a narrow 

zone of more acid composition, 

" - " /~ ~"., 
( \ 

J 
J , 

with reverse zon ing again outwards. '" cy. ,I 
25~o '~2. (9 

The percentage composition shown in the drawings represents 

the percentage of the anorthite molecule in the plagioClase. 
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AMPHIBOLES 

Introduction 

Amphibole minerals occur throughout the area and provide a rewarding 

study. They were examined with special reference to specific opti cal properties, 

most measurements being carried out on the universal stage, while the indices of 

refraction were determined by immersion methods. An extensive examination 

of these properties was carried out with a view to identification in the case of the 

colourless minerals, to determine as accurately as possible molecular composition, 

c;md to establish whether their composition and properties are related"' in any 

way to the mi neral isation. 

The amphiboles can be divided into fwo main groups: the aluminous 

amphiboles, fallih9 within the hornblende series, and the non-aluminous amphiboles 

belonging to the anthophyllite, cummingtonite and tremolite-actinolite series. 

The aluminous hornblendes are obuhdant in all the rock types both as constituents 

of the groundmass and as larger porphyroblasts, whereas the non-aluminous 

amphiboles are generally found in carbonaceous schist and granulite in the immediate­

vicinity of the ore zone. 

Opti cal Examination 

Measurements of the optic axial angle 2V, extinction angle' c/Z, and 

the indices of refraction were made for a great many crystals. The value fq~ the 

optic axial angle was obtained by direct rotation on the universal stage from one 

opti c axis to th e other about the opti c normal. Crystals wi th the Y vector in the 

plane of the section are abundant and these can be quickly picked out and tested 

with the optic plane vertical and perpendicular to the control axis K. 

A lack of tWinning on the orthopinacoid makes the accurate determination 

of the extinction angle c/Z difficult. A rilethod was devised, accepting that 

the sections on the clinopinacoid had dmongst the many cross fractures, traces of 

a basal parting, these being indicated by parallel arrangement with one another. 

With this parting vertical, and one of the (110) cleavage planes brought vertical, 

the crystal is then tilted through 280 bringing the (010) plane horizontal. 

In this position, again with the bosal parting verti cal, the angle is measured from 

the extinction to the trace of the (,llO)e!eavage. If, on tilting the crystal and 

rotating to extinction, it does not remain extinguished for all rotations about K, 

the tilt must be effected in the opposite direction. Where the basal parting is 
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definite this method is considered accurate to within two degrees. Where the 

parting is not definite numerous measurements were taken on unorientated 

crystals and the maximum value accepted. 

The Y index of refraction was generally used for comparative results 

and for attempts at composition determination. The method described for pyroxenes 

by Hess (1949) was adopted, parting fragments on (100) and (110) being used. 

Measurements were taken only on crystals showing an optic axis near the field 

of view of the microscope. The Y vector was aligned parallel to the north~outh 

• cross wire and brought horizontal by obtaining an isogyre lying hori~ontal and 

splitting the field almost exactly. Results obtained on (100) fragments showing 

straight extinction gave a true value for Y, while fragments on (110) showing 

an extinction angle gave in fact a component of Y , and a correction of 0.003 

was applied to give a value for Y. Where it was difficult to measure the Y 

index due to the tendency for most fragr:nents to be cleovage fragments on (110), 

the value for Y was calculated from the known 2V, and the values for X and Z 

using the formula 
2 

tan V = Z - Y 
x Y -X 

The accuracy of the result obtained for Y from this calculation was found to be 

surprisingly high, as the value of 2V can vary considerably without affecting 

the resul t overmuch. 

! 

Composition Determination 

The composition of the amphiboles is shown in the followihg pages by 

plotting various optical properties against molecvlar composition for the different 

amphibole series. The diagrams used are from Winchell, Third Edition, 1933; 

Winchell, Fourth Edition, 1959; and Deer, Howie and Zussman, Volume 2, 1963. The 

results of plotting the opti cal parameters on these diagroms are remarkably 

consistent. 

Ronald B. Parker (1961), published diagrams designed for the rapid 

determination of the approximote composition of amphiboles and pyroxenes. 

These diagrams, however, make use of the refractive index determination n1 and 

n2 measured on (110) cleavage flakes, for the ra'pid and approximate study of 

variation in chemical composition in which a very large number of samples are to be 

studied. As in the present sh,Jdy the refractive indices X, Y and Z(orct., f3 and '6) 
were measured accurately, the diagrams of Parker were not used. 

: .. ~ 
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THE ALUMINOUS AMPHIBOLE - " HORNBLENDE SERIES 
i 

The members of this series in the vicinity of the Shamrocke orebody show 

a great diversity of character, the difference in appearance and optical properties 

in relation to this orebody being discussed below. 

The hornblende occurs in a variety of ways. The hornblende of the ore 

zone occurs in three distinct parageneses intimately associated with the sulphide 

mineralisation and coarse equigranular calcite, as incipient crystals scattered 

.. sporadically through the granulite and as large porphyroblasts in th~ ... porphyroblastic 

felspar-amphibole rock. 

In the rocks surrounding the ore zone the hornblende occurs as large 

porphyroblasts in the rocks of sedimentary origin, and as an important constituent 

in the critical assemblage hornblende-plagioclase of the plagioclase amphibolite 

of igneous origin. 

Some observations made from thin section study (See Plate 15 A, S, C, D, E, and F) 

(i) The colour of the hornblende of the ore zone is of a distinctly 

paler green contrasted with the dark-green strongly pleochroi'c 

hornblende prevalent in all rocks of the hangingNall and footwall. 

The hornblende is sometimes almost completely colourless ~ showing 

correspondingly weak pleochroism to a light green. 

(ii) The refractive indices of this hornblende of the ore zone ar~' 

decidedly lower than that of the surrounding rocks. , 

I 

(iii) The optical properties of the hornblende sca"ttered throughout 

granulite of the ore zone are identical to that associated with the 

sulphide mineralisation, these being constant throughout the 

deposit. 

(iv) The hornblende of the porphyroblastic felspar-amphibole rock of 

the ore zone shows similar properties to the hornblende of the 

granulite (refractive index sometimes slightly higher), while 

apparently identi cal rock types occurring as bands in the hanging­

wall/give hornblendes showing differing optical properties i.e. 

darker colour and higher refracti ve index. 

~ 
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(v) Poikiloblastic "sieve ll structure characterises the hornblendes 

of the altered sediments, the crystallisation being more complete 

in some cases than in others. 

(vi) The hornblende of the originally igneous plagioclase amphibolite 

differs in character from the other hornblende of the deposit, an 

interesting feature being the apparent increase in 2V and sl ight 

decrease in, refractive index towards the finer-grained chi lied 

margin of the altered intrusions. 

(vii) Twinning and zoning are extremely rare. Very occasional, poorly 
' -.,. 

developed twins on (100) were encountered and only one large 

crystal of hornblende showed a suggestion of zonal variation in 

composition. 

Composition Determination 

Composition determination from optical properties within the hornblende 

. series is both difficult and inaccurate. The amphiboles do not lend themselves 

to classifi cation in the same way as do the pyroxenes, with -the resul t. that texts on 

descriptive mineralogy are not able to give satisfactory charts relating optical 

properties to composition. Winchell (Third Edition, 1933) states, 

"There are so many molecules present in varying amounts in 

hornblende and paragasite thafthe relations betWeen optical 

properties and composition cannot be accura~ely shown in any 

diagram" . 

Winchell does ~ however, in the Th ird Edition give a chart showing approximate 

relations between the inferred refractive index Y and the chief constituent 

molecules (see Figure 10). Use has been made of a diagram (Figure 11) 

devised by the same author (Third Ed i tion, 1933) showing variations in composition 

and optic properties of the pargosi te-hornblende system. However, in this diagram 

water is disregarded, constant tenor of 1 0 ~- 1 5% A 12°3 is assumed and. NaFeS i 2°6 

and Fe203 are combined. Th is diagram is considered by Winchell to be very 

approx imate due to the disregarding of water, variable components not shown also 

causing variation in this diagram (Figure 11). The Y index was used as the main 

pointer to the constituent molecules in Figure 10, whereas the value of 2V and 

c/Z were used to fix the position in Figure 11 • 
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EXPLANA nON OF PLATE 15A. 

A. Early incipient hornblende crystallisation in granoblastic 

quartz-plagioclase fabric. 

Ordinary I ight X 40. 

B. Sieve structure in po ik il oblastic hornblende porphyroblast. 

Quartz and plagioclase in interstices are remnant fabric after 

increased incipient crystal growth. 
" '" 

Ordinary I ight X 40. 

C. BIQded hornblende crystals. Crystal growth almost complete. 

Crossed Nicols X 40. 

D. Hornblende porphyroblast (Hb) crystallising with calcite (Ca). 

Crossed Nicols X 40. 

E. Basal section of hornblende. 

Ordinary light X 100. 

F. Basal section of hornblende, 0.4 mm. across showing 

cleavage traces. The section is of felspar-amphibole rock. 

Ordinary I ight X 100. 
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Deer Howie and Zussman, 1963, shows a diagram (Figure 12) giving the 

relation between chemical composition and the optical properties and density 

of common hornb I endes • 

Although the general habit and character of these amphiboles suggested 

that they belong to the horhblende series, the pale-green colour in thin section 

and their opti cal properties gave rise to doubt as to whether these were not in 

fact members of the ntlm-aluminous tremolite-actionlite series. The optical data 

could suggest an actinolite with 380/0 of the ferrotremolite molecule. However, 

• a chemical analysis carried out qualitatively on a pure specimen from the orebody 
.'" 

calcite, yielded a relatively uncontaminated alumina precipitat~ proving these 

amphiboles to be members of the aluminous hornblende series. 

The only pure specimens of this amphibole uncontaminated by silicates in 

poikiloblastic texture are the green amphiboles found within the orebody calcite. 

These are , however, intergrown with much sulphide. A brief description of the 

ana.lytical procedure follows, (Wahlstroom 1955): 

The spe~imen was crushed and hand sorted to obtain amphibole with a 

minimum of sulphide intergrowth. This was ground extremely fine in an agate 

mortar and the sulphides dissolved out by heating with aqua regia, filtered off and 

washed with hot, dilute hydrochloric acid to dissolve as much of the iron as 

possible. A small amount of the remaining amphibole was fused with pota~sium 

hydroxide and dissolved in 1 : 1 hydrochloric acid and evaporated to dryness :9;n a 

water bath, rendering the silica insoluble. A second evaporation was carried out 

and the residue dissolved in 1 : 1 hydrochloric acid. The silica was/filtered off. 

A small amount of ammonium persulphate was added and the iron and aluminium 

precipitated as hydroxides with a slight excess of ammomium hydroxide.. 'These 

were filtered off and washed with hot water. The aluminivm hydroxide was 

separated by dissolving in a solution of sodium hydroxide and filtering. The 

filtrate was acidified with hydrochloric acid and the aluminium hydroxide 

precipitated with a sl ight excess of ammonium hydroxide. A cleargrey-white 

gelatinous precipitate of aluminium hydroxide was obtdined. 

HORNBLENDE ASSOCIATED WITH THE CALCITE O ,F THE OREBODY. (See Plate 
15 D)o 

This occur1 concentrated as irregular patches, veins and stringers within 

the equigranularwhite calcite typical of the orebody. It forms a coarsely 

crystall ine mass of dark-green amphibole always closely assdciated with sulphide 

mineral isation, the hornblende occurring as large elongated crystals showing a 

very well developed cleavage. The sulphide minerals pyrrhotite and chalcopyrite 
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are intimately intergrown with these, giving a coarsely crystalline mixture of 

hornblende and sulphide, with individual hornblende crystals enclosing finely 

divided sulphide, generally concentrated along cleavage planes. 

The constant association of hornblende with the min-eralisation and the 

mode of occurrence in irregular veins, stringers and concentrations along contacts 

of the calcite and granulite, point to a hydrothermal origin for this hornblende, 

crystallising together with the sulphides from the same migrant solution. 

Due to the friable nature of this amphibole-sulphide assemblage, thin 

se.ction preparation proved impossible. However, crushed fragments immersed 
.... 

in oil show a paler coloration than suggested by the hand specimen. Pleochroism 

is moderate to weak wi th absorp tion X r::, Y <. Z where the colour along the X 

vibration direction is pale yellow .... green, that along Y pale bl ue-green and 

along Z a darkish-green. The refractive indices and extinction angles were 

determined as : 

X 

Y 

1.637 

1 .64'6 

Z 1 .653 

X - Z =0.016 c/Z = 1 50 .... 17
0 

81 • 

These measurements were identical to those obtained for the hornblende 

of the granul ites and were completely constant on specimens collected from various 

parts of the orebody. 

HORNBLENDE OF THE GRANULITES 

The hornblende crystals occur sporadically throughout the ore zone 

granulite, but never together with the non-aluminous amphiboles. In thin section 

these appear as scattered porphyroblasts, 1 .... 2 mm long, showing varying degrees 

of crystallisation within the granoblastic groundmass. (See Plate 15A (A) and (B)). 

At the outset of crystal! isation, hornblende shows portions of the eventual crystals 

scattered through the groundmass. With adva ~cing crystallisation these portions 

have grown together until large crystals are formed showing typical poikiloblastic 

or "sieve structure", remnant plagioclase occurring as small inclusions. Although 

tending to clear themselves of these plagioclase relicts the hornblende of the 

granul ites is never free of incl usions. Large porphyroblastic amph iboles showing 

sieve structure have been described in the Grenville Series, Ontario, as 

"feather-amphibolites" (Adams and Barlow, 1910). 

In thin section, cI inopinacoidal sections show a fairly well developed 

parting on the base. They are elongated a long the C axis and show ragged 

terminations. The sections on (100) occur both as broad tablets and as crystals 

with an irregular outl ine. These are distinguished by straight extinction and low 

~""i 
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birefringence having the Y and Z vibration directions in the plane of the thin 

section. Where basal sections occur, these are generally xenoblastic, showing the 

prismati c cI eavages at 560 
• 

As stated above, these hornblendes are of a paler colour and of weaker 

pleochroism than those of the hangingwall rock types. There is a variation of 

colour within these hornblendes from almost colourless with a greenish tinge to 

a distinct green. The pleochroism is generally weak with the absorption X<. Y< Z 0 

Typical Examples 

x 
Colourless 

light yellow-green 

Optic Axial Angle 

Y 

blue-green 

Z 
., 

pale-green 

darkish -green 

Measurements of 2V angles on the Universal Stage were carried out on a 

large number of cr,ystals throughout the granulite. Of 24 crystals examined, 16 

showed 2V angles of 81 0 
- 820 , while the remaining 8 measurements gave values 

between 78
0 

and 88
0

• Measurements made within a single section were found to 

be constant to within 30
• This average value 81 0 

- 820 for the optic angle is 

decidedly lower than values determined on amphiboles of the hangingwall. Crystals 

showing values greater than the average 2V angle were noted to be of a slJghtly 

darker colour but with no appreciable difference in refractive index. 

Extinction Angles 

The value of c/Z was constant for this hornblende between 140 
- 170 

for determinations carried out on clinopinacoidal sections. 

Refractive Indices and Composition 

Eight determinations were carried out on specimens of known 2V angle. 

The following represent an average of values recorded: 

X 1.635 

Y 1.646 X -Z=0.018 

Z 1.653 

These values are distinctly lower than refractive indices of the hornblende 

of the hangingwall. The value for Y was constant to within 0.004 and a mean 

val ue accepted. 
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HORNBLENDE OF THE PORPHVROBLASTIC FELSPAR-AMPH IBOLE ROCK (see Plate 
15 A. B.and C) 

In hand specimen these crystals occur as large dark-green porphyroblasts 

up to 10 mm. in length, set in a granoblastic plagioclase and quartz groundmasso 

These are bladed laths set either in subparallel orientation or more generally with 

irregular arrangement. 

In thin section these appear in similar manner to the hornblende just 

discussed in the granulites, but showing a $Iightly higher degree of crystallisation. 

Poikiloblastic "sieve structure II is still a dominant feature, although compared to the 

occurrence in the granulite, there are fewer inclusions. Although e~'Omples of 

poikilobastic texture show different stages reached in the advancement of 

crystallisation, there are crystals which show little or no inclusions, having cleared 

themsel ves of these. The habit of these hornblendes is identi cal to those of the 

granulite already discussed and occur generally as prismatic sections on(Ol 0) and 

o OO}, the former being elongated cry~tal laths with ragged termination and high bire­

fringence, while the latter tend to have a more irregular outline and show lower 

birefringence and'straight extinction. The cleavage trace(llO)is well developed, 

as is the trace of the basal parti ng • 

The green coloration of the hornblendes of the felspar-amphibole rocks 

of the ore zone resembles the darker examples found within the granul ites, but is 

decidedly paler than the dark-green of the hornblendes of the hangingwalli rocks 0 

The pleochroism is moderate but again weaker than the hangingwall types. 

Absorption is X< V< z. 

Typical Examples 

x 
pale yellow-green 

ye II ow-g reen 

Optic Axial Angle 

v 
grass -green 

bluish-green 

z 
bl uish -green 

dark-.ogreenish-bl ue 

19 thin sections were examined, 8 from the felspar-amphibole rock of 

the ore zone and the rest from various occurrences of this rock in the hangingwall 0 

Of these, only 7 had crystals which were suitable for 2V determination (i .e. 

where measurement betw:en both optic axes was possible), 4 of these were from within 

the ore zone and 3 in para-amphibolites of the hangingwall. The measurements of the 2V 
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angle obtained were constant between - 850 and - 890
• Values withi n each 

individual slide were constant with a variation within the range - 850 to - 89
0 

from section to section; the range is not extreme and the number of observations 

not suffi ciently widespread to postulate differences of 2V relati ve to the orebody . 

Extinction Angles 

Measurements were taken on all 19 thin sections mentioned above. c/ Z 

angles varying between 12~0 and 160 were obtained which are slightly lower than 

extinction angles obtained anywhere else in the deposit . 

Refractive Indices and Composition 
. ... 

Refractive index determinations were carried out on 9 specimens of known 

2Vangle, 5 from within thf! ore zone and 4 from hangingwall felspar-amphibole rocks. 

The values found within the ore zone were fairly consistent, showing slightly 

higher indices than those of the granulite hornblende, the Y index here being 

1.653 as compareq with 1.646 in the granulite. The 4 determinations made in 

specimens outsiqe the o rei zone give the following values for the Y index: 1 .650, 

1.650, 1.668, 1.670 with increasing distance from the orebody. 

The following are average values for the felspar-amph'ibole rock of the 

ore zone: 

x 
Y 

1 0643 

'1 .653 

Z 1.657 

X-Y=0.014 

HORNBLENDE OF THE PLAGIOCLASE AMPHIBOLITE 

The ho·rnbl.ende of these amphibol ites of igneous origin . is strongly coloured , 

with strong pleochroism fr6m yellow-green to dark-blue-green. The abso'rption is 

X <. Y t.., Z with a typical example: 

X yellow-green 

Y olive-green 

Z dark~lue-green 

This hornblende occurs mainly as prisms bounded by the well developed 

01 Q cleavage and showing irregular terminal boundaries. Abundant inclusions of 

opaque ore are present. Basal sections are seen especially where sections are 

cut perpendicular to the lineation. The variation in grain size is generally from 0.1 

mm. in the fine-grained to 1 mm. in the coarse-grained plagioclase amphibolites. 

The hornblende never occurs in porphyroblastic form. 
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The optical properties show a difference between those of the fine-grained 

variety and those of thecoarse-grained amphibolite. 

Optic Axial Angle. 

Sixty...five determinations were made on crystals in 20 slides examined from 

various parts of the deposit, representing the complete variation in grain size. The 

maximum values for the 2V angles were obtained in the fine-grained compact 

plagioclase amphibolite of narrow vein-like intrusions and the fine-grained contact 

type of large intrusive bodies . A complete gradation appears to exist with an 

• increase cf grain sIze until a minimum value was reached in the coarse-grained 
.... 

amphibol ite from the central portions of the intrusions. The following are values 

obtained from plagioclase dmphibolites of varying grain size: 

o. 1 to 0.3 mm. 

0.3 to 0.5 mm. 

0.5 mm. & greater 

750 
- 780 

700 
- 740 

600 
- 680 

The above general isation is considered only approximate. 

Extinction Angles 

Measurements of the c/Z angle gave constant resul ts between 1 ~ and 20
0

• 

Refractive Indices 

Eight determinations were carried out on specimens of known 2V.angle, 

4 from fine-grained and 4 from cdctse-grained varieties, in an effort to estqblish 

upper and lower limits to the refractive indices of the hornblendes of the ", 

plagioclase amphibolites. The value for the Y index in the hornblende of the 

fine-grained amphibolite was found to be constant at 1.673 while the values in 

the coarse-grained variety gave values ranging between 1.674 and 1.680. The 

following are average values: 

Fine=grained Plagioclase Amphibolite 

X 1.656 

Y 1.673 

Z 1.682 

Z - X = 0.026 

Coarse-grained Plagioclase Amphibolite 

Xl. 659 - 1 . 661 

Y 1. 674 - 1 • 680 Z - X = 0.029 

Z 1.686 - 1 .690 



SUMMARY OF THE OPTICAL PROPERTIES OF THE HORNBLENDE 
RELATIVE TO ROCK TYPE 

Ore Zone Granulites: 

Ore Zone Calcite~ 

Or~ .. Z0r:'e {~I~par~ 
AmphJbC?I.e.~~ck : 

-Hangingwall Felspar­
Amph ibol e ,Rock. 

Plagioclase Amphi­
bo�ite: 

Composition 

2V 

... 81°to=82° 

-820 

...at'to-89° 

-86Cto..st' 

-66°t078° 

~ . Index X Index Y 

14
0

"'1 l' 1 . 635 1 .646 

-11' 1.637 1 .646 

13°-160 1.643 1 .653 

~ 00 -15° -200
; ~ .650-1.670 

150 -20° 1 .656- 1 .672-
1 .661 1.682 

86. 

Index Z .(Z-X) 

1 .653 0 ~ 018 

1 .653 0.016 
.'" 

1.657 0.014 

0.020 

1 .682- 0.026-
1.690 0.029 

The Hornblende Series is both complex dnd does not lend itself to 

classification. However an attempt has been made to show diagrammatically the position 

of the amphiboles of the vari-ousShdmrocke rock types in composition di:agrams relative to 

special properties (~~o Figures 10,11 Qnd12" 
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VARIATIONS IN COMPOSITION WITH MEAN REFRACTIVE 

INDEX Y IN PART OF THE PARGASITE-HORNBLENDE SERIES 

(APPROXIMATE - AFTER WINCHELL THIRD EDITION PART 11, 1933) 

The range in composition of hornblende within the Shamrocke 

, rock types is shown 
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VARIATION IN COMPOSITION AND OPTIC PROPERTIES IN PART OF THE PARGASITE-
• 

HORNBLEN DE SYSTEM (Approximate after Winchell, Third Edition, Part 11, 1933) 

20 

The range in composition of the hornblende within the Shamrocke rock is shown. 
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EXPLANATION OF PLATE 15(B) 

A.. Anthophyllite cryst'als in anthophyllite granulite .. 

Crossed Nicols X 100. 

B co Anthophyll ite crystal s in anthophyll He granul He .. 

{notte two cI eavage directions}. 

Ordinary I ight X 100. 

C'} , Progressive crystal! isation of hornblende, in the 

De groundmass fabri c from incipient growth in C 

Eo through thepoikiloblastic texture in D to a more 

complete crystal I isaHon in E. 

-'., 

Ordinary I ight X 100. 
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THE NON-ALUMINOUS AMPHIBOLES 

These amphiboles are found in the immediate vicinity (Of the ore zone, 

generally in a fine-to medium-grained light-coloured 9r~:mulite and in the dark 

fine-grained carbonaceous mica schist in close proximity to the ore zone and 

in narrow bands within the ore zone. 

Three distinct minerels were identified. These are anthophyllite, 

cummingtonite and tremolite-actinolite. All three of these have a very similar 

mQde of occurr~nce and in hand specimen their appearance is very similar. 

However, on careful examination, the anthophyllite is seen to be colourless to 

straw coloured, the cummingtonite a pale brown and the actinolite a pale to 

distinct green. In thin section these generally tend to QPpear colourless with 

identifi cation dependent on opti cal properties. 

Non-aluminous amphiboles in 20 tho n Siections cut from granul ites and 

carbonaceous mica schists were examined on the universal stage and refractive 

index deterrYlin~tions carried out on the amphibole of the corresponding hand 

specimens. 

Some Observations made from Optical Study. (See Plate 16 A, B"C,D, E 
and F). 

1 • Of the 20 thin sections examined, 8 were found to contain 

anthophyllite, 6 cummingtonite and b actinolite. 

2. No two of these non-aluminOU$ amphiboles occur in the 

same rock. 

3. Numerous crystals were eXdmined within the same section 

and the optical properties w~re found to be constant 

throughout the slice. 

4. The opti cal properties of each amph ibo I e type are practi call y 

identical, irrespective of p~sition in relation to the ore zone 

or the typ~ of host rock. 

5. The habit and mode of occurrence of all three of these non­

aluminous amphiboles are distinctl y similar. This is discussed 

below. 
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6. Twinning occurs only in c,ummingtonite; polysynthetic ,twins on 

(100) • 

Identifi Celtion 

With these three minerals being invariably colourless or pale coloured in thin 

section, and showing distinctly similar habit, specific optical data were used to 

estdblish their identity. Although the actinolite is pale or distinctly green, it 

does in many cases appear practically colourless. 

Anthophyllite is immediately distinguished from the other two.j)y its 

parallel extinction, while cummingtonite can easily be distinguished from 

acti_nolite by virtue of its optically positive nature and considerably higher indices 

of refraction. 

SUMMARY OF OPTICAL DATA 

,2V ~ Refractive Index Y z-x 

Anthophyllite +79~0 00 1 .638 0.029 

Cummingtonite +800 15
0
- 20

0 
1.646 

Actinolite -800 to=88° 160 -200 1 .633 0.028 

Composition Determination - The Anthophyll ite Series, the Grunerite-Cummingtonite­

Kupfferite Series and the Tremolite-Actinolite ~ ' 

Ferrotremolite Series. 

Winchell, (Third Edition 1933 Part 11) gives three diagrams (see Figures 13, 

15 and 18) showing the variation in composition and opti cal and physi cal properties 

within the Anthophyllite Series, the Grunerite-Cummingtonite-Kupfferite Series and 

the Tremblite-Actinolite-Ferrotremolite Series. As with the hornblendes the Y index was 

used for the deduction of molecular composifion from these diagrams while the other 
.. 

optical properties were used merely as a guide or as confirmative values. In 

the majority of cases these other optical properties give a similar molecular 
.~ 

composition. However, where one or other of these do not give corresponding 

resul ts this is not an error of measurement of that property but is a fact. We must 

accept that the diagrams were drawn up from the analyses available to that author 

and could be only approxi mate for all naturally occurring minerals. 
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EXPLANATION OF PLATE 16. 

A. Colourless porphyroblastic anthophyllite, (A) crystal in 

anthophyll ite granul ite. Scatteredsmcill rutil e crystals (R). 

Ordinary light. X 100. 

B Anthophyll ite porphyroblast between straight ext~nction 

positions in granoblasticfabric of the granul ite (c;f 16A). 

Note one plagioclase polysynthetictwin. Untwinned clear 

. plagioclase (P). 
~ ' '\ 

. Crossed Nicols X 100. 

C. . Cummingtonite laths showing polysynthetictwinning on (100). 

Rock is granul ite with predominantly plagioclase groundmass, 

and biotite 41 

Crossed Nicols X 40. 

D. Prismatic sections of very pale green actinc>1 ite. Two cleavage 

traces clearly visible. The rock is a granul ite. 

Ordinary light X 100. 

E. Prismatic sections of porphyroblostic acfinol ite irJ granoblastic 

plag ioclase groundmass of granul ite (cf 160). 

Crossed Nicols . X . 40. 

F. Pale green actinol ite porphyrqblast with much graphitic 

inc I usion. Rock 'is graphitic biotite granvl ite. 

Ordinary light X 40. 
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In Figure 3, where the only optical properties plotted against molecular 

composition are the 3 indi ces of refraction, the agreement is excellent. In Figure 

5, this agreement prevails, facilitated by the wide composition range for a single 

optical value; while in Figure 4, the value for the 2V angle points to a lower 

molecular percentage of the kupfferite molecule. 

Winchell again in his Fourth Edition Part 11, 1959 gives two 

diagrams (Figures 16 and 19) which, when . the optical data is plotted give similar 

results to that in Figures 15 and 18 of his Third Edition. 

' \. 

Deer,Howie and Zussrhann Vol. 2 1963 give similar diagrams (Figures 

14, 16 and 19) to depict the optical properties of these amphibole series against 

chemical composition. The results obtained from plotting the optical data in these 

diagrams again indicate similqr results from those obtained from the diagrams of 

Winchell. 

The use of these diagrams in conjunction with accurately determined 

optical data is the best avai lable method for composition determination outside of 

tedious chemical analysis. 

ANTHOPHYLLITE (See Plate 16 A and B) 

In hand sped men the anthophyll i te occurs as fibrous bundl es an"d 

aucular crystals from colourless to straw coloured. 

These occur as both narrow, needle-like prisms on (OliO) showing 

prominent cross fractures, and broad columnar crystals on (lOO), also with cross 

fracturing. In places these also become quite fibrous. The (110) cleavage trace 

is well developed and occasion~lIy, where basal sections occur, the traces intersect 

at 560
• The habit is generally' porphyroblastic with crystols of up to 2 cm. in 

. length scattered throughout the groundmass. , The crystals are generally completely 
.. 

colourless but where alteration effects are visible a greenish tinge is noticed, 

even sometimes showing extremely weak pleochroism. A poikiloblastic texture often 

occurs where isolated felspar rei i cts and opaque ore are scattered abdut within the 

amphibol ite; this texture is not generally well developed. 

Alteration of the anthophyllite to highlybirefrigent talc is fairly 

common . . With this alteration a greenish tinge becomes noticeable which in extreme 

cases shows weak pleochroism. Sometimes large irregular patches of what appears to 

be a totally altered anthophyllite occur, presumably a greenish to greenish-1Jrown talc. 
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VARIATION IN COMPOSITION AND INDICES OF REFRACTION IN THE 

ANTHOPHYLLITE SERIES. (AFTER WI NCHELL TH IRD EDITION PART 11, 1933) 

The arrow indi cates the position in the series occupied 

by the anthophyllite of the Shamrocke Mine. 
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RELATION BETWEEN THE OPTICAL PROPERTIES AND CHEMICAL 

COMPOSITION FOR ANTHOPHYLLITE (AFTER DEER, HOWIE AND 

ZUSSMAN, VOL. 2', 1963 

The solid arrow is the position in the Series as indicated by R. r.z. 
occupi ed by the anthophyll i te of the S hamrocke Mi ne . 

.. 

The bottom arrow is the position in the Series indicated by the value 

of 2VZ ,occupied by the anthopyllite of the Shamrocke Mine. 
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Exti ncti on Ang Ie. 

The anthophyllite shows parallel extinction which renders it easily 

distinguishable from the other amphiboles. 

Optic Axial Angle. 

The value for the 2V angle is regularly 79~0 measured about the slow 

vibration direction. 

Refractive Indices and ComposHion 
-,., 

The following are -the values consistentl y obtained for the anthophyllite .. 

X 1 .621 

Y 1 .638 

Z 1.650 

x - Z = 0.029 

These values are constant irrespective of the nature of the host rock. 

From Figure 13 all three of the refractive indices indicate a 

composition with approximately 25% of the ferroanthophylfite molecule. From figure 

14 the value of the refrqctive index Zagain indicates d composition with approximately 

250/0 of the ferroanthophyllitemolecule, which expressed roughly in terms of atomic 

proportions is approximately H2 M95 Fe2 Si8 024 0 
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CUMMINGTONITE (See Plate 16 D) 

In hand specimen the cummingtonite is seen as fibrous, almost 

silky, brownish coloured crystals scattered about the groundmass. It occurs 

91 . 

as narrow acicular prisms on the clinopinacoid, tabular prisms on the orthopinacoid 

and small idoblastic basal sections. The traces of the (110) cleavage are always 

well developed; these can be seen intersecting at 560 in the basal sections. These 

crystals are porphyroblastic in habit, scattered about in the xenoblastic plagioclase 

groundmass. 

. ... 
These cummingtonites do not show IIsieve structure ll as do the other 

non-aluminous amphiboles of the deposit. Occasional crystals have a few 

inclusions but these are the exception. The cummingtonite of the carbonaceous 

. mica schist is riddled with extremely minute graphite specks in contrast to the 

clear amphibole of the granulites. This graphite does not in any way alter the 

properties or mode of occurrence of the cummingtonite and is due to the extremely 

carbonaceous nature of the mica schist. 

Twinning 

Twinning on (100) is extremely common and characteristic of the 

narrow acicular prisms. The twin-lamellae are well developed and usually narrow (see 

Plate 16 C) 

Optic Axial Angle. 

The optically positive nature immediately distinguishes,: the cumming­

tonite from negative actinolite. The 2V angle is constant at 80°, as measured by 

rotation between the opti c axes about Z. 

Extinction Angle. 

The value for the c/Z angle was found to vary between 15° and 200
• 

However, the majority of measurements gave ;.values of 19° and 200 

Refractive Indices and Composition 

The refractive indices were found to be constant whether the sample 

is from the granulites or whether it is full of graphitic inclusions as in the carbonaceous 

mica schists. 
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These values are ~ 

X 1 .639 

Y 1. 646 . X - Z = 0.020 

Z 1 .659 

From Figure 15 (after Winchell Third Edition) the Y index value 

1 .646 suggests a molecular composition of 60% of the kupfferite molecule. 

From Figure 16 (Winchell Fourth Edition 1933) the value of the 

X, Y and Z indices further indicates a composition of 600/0 - 650/0 of the kupfferite 
',,-

molecule. The c/Z angle however falls slightly outside the curve while the 2V x 
value was not measured. 

From Figure 17 the values of the X and Y indices, c/Z angle and the 

value of 2V
Z 

combines the resul t from Figures 15 and 16 andindi cates a composition 

of 60% - 65% of the kupfferite molecule 0 

All three diagrams therefore indicate a molecular composition of approximately 

60% of the kupfferite molecule wh ich in terms of atomic proportions is approximately 

H2 M94 Fe3 SiS 0240 
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TREMOLITE - ACTINOLITE (See Plate 16 C, D and Ee) 

In hand specimen the tremolite-actinolite occurs in numerous forms: 

as small needle-like crystals, as larger broader distinctly green crystals scattered 

abundantly through the groundmass and as large elongated widely scattered 

green porphyroblasts generally found in the carbonaceous mica schist. 

In thin section these vary from colourless through a very pale­

green to crystals with a distinct green colour. The green variety shows weak to 

mos:Jerate pleochroism with X .(Y( Z. From a large number of slides examined it 
'''" 

is clear that the actinolite of the schists is generally the deeper green with 

stronger pi eochroism. 

The habit of the tremolite-actinolite varies from section to section. 

It occurs in the granulites scattered abundantly through the groundmoss as narrow 

elongated prisms on the clinopinacoid, these showing the trace of the (110) cleavage 

sometimes we" developed and in other cases poorly developed. It also occurs as 

prismatic sections on lhe orthopinacoid, both as subhedral broad tabular crystals 

or crystals with irregular boundaries, both of these having Y and Z in the plane of 

the section. In the mica schists, although the tremolite-actinolite does in some 

cases occur in the same manner as the granuli tes, it tends general! y to be in the form 

of large, widely scattered, green porphyroblasts, showing a tendency to idiob,lastic 

outline. Basal sections are distinctly eight-sided. 

In the majority of crystals poikiloblastic texture or "sieve ~tructure" 
i 

occurs. Where the groundmass is granoblasti c and fairly fine-grained, this groundmass 

texture prevails within the actinolite cryst~ls. This "sieve structure" is more 

prominent and of a coarser nature within the granulites than in the mica schists. The 

interior of these crystals has a marked poikiloblastic texture with the marginal regions 

being cleared df inclusions, giving the crystal an unbroken outline . 

.. 
The tremolite-actinolite of the mica schists is packed with dark 

graphite inclusions and although not affecting the optical properties these do tend 

to mask the colour and general characteristi cs. Onl y about the extreme edges are 

these actinolites free from graphite. Where the graphite of the schist shows minor 

wavy or ripple-like textures, this is often seen to persist through an actinolite 

porphyroblast, suggesting that the crystal of tremolite-actinolite grew in the carbonaceous 

groundmass without much affecting the distribution or character of the stable graphite. 
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The tremolite-actinolite is not highly altered, although occas ional 

minor alteration to calcite and talc is encountered. 

Extinction Angle. 

The value for the c/ Z anQle varies between 160 and 20
0 

with the 

majority of measurements being in the region of 17~0 • 

Optic Axial Angle 

This value for the optic angle gives varying measurements between 

.. -800 and -880
• However, the tremolite-actinolite was found to be always negative, 

i.e. the acute bisectrix is X. 

Refractive Indices and Composition 

The refractive index measurements were found to be fairly constant 

throughout, the average values being: 

X 1 .618 

Y 1 .633 

Z 1 .646 

x - Z=0.028 

From all three Figures 18, 19 and 20, a suggested composition would 

be approximately 20% of the ferro-trem<blite molecule which is approximately 

H2 Ca2 tv\g4 Fe Si8 0 24 in terms of atomic proportions. 
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BI OTI TE (See Plate 17 A and B) 

Introduction. 

Biotite is one ofthe--predom-inant minerals of the rocks of the 

Shamrocke Mine, and is the sole representative member of the mica group. 

Biotite mica is the only. mafic mineral present in the groundmass 

assemblage of the typical mica schist of the hangin~wcill and footwall, the 

marked schistosity of these rocks being brought about by the parallel al ignment 

95. 

"'of these biotite crystals. In the granulite, biotite is the mainferromasnesian 

mineral of the normal pinkish biotite granul ite • However, in the granulite, rather 

than being an intricate member of the groundmass, it occurs as sl ightly larger 

crystals sometimes in porphyroblastic habit. Where these granul ites become amphi­

bol ised in varying degrees, the abundance of the biotite decreases and where 

amphibole occurs abundantly as scattered porphyroblastsf the biotite is very minor to 

absent. In the felsp,aramphibole rocks a nd the plagioclase amphibolite,biotite 

is a minor constituent, and where it occurs it is generally as fairly large, dark, 

strongly pleochroic semi--idioblastic crystals. An important occurrence of biotite 

is as idioblastic porphyroblasts giving a distinctive appearance to the narrow con­

tacts between a I tered intrusive rocks and the surrounding sch ists 0 

The character of this bioHte is very similar throughout the ared 

differing only in the intensity of colour and pleochroism 0 

Orientation. 

In the mica schists, thin sections cut perpendicular to the schistosity 

. show the biotite consistently as basal or near basal sections with the Y vibration 

direction approximately corresponding to the plane of the thin section. In all these 

sections the interference figures show the optic axes in the field of _the microscope; 

the ma jority giving these optic axes fairly c~ntrally situated. In sections cut 

parallel to the schistosity these gen~rally show a definite paralleJ arrangement of 

elongated biotite laths which are strongly pleochroic, indica.ting a preferred 

di.rection parallel to the schistosity. In the schists these biotites are generally 

0.1 mm. in size and make up a large part of the groundmass. 

The biotites of the granul ite do not show a preferred orientation to the 

same extent as the mica schists. It is general to find the biotites in the granulite 
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scattered about the groundmass both as elongated prisms and irregular basal 

sections, these varying in size from crystals almost identical in size to the 

granoblastic groundmass felspar to large crystals of idioblastic habit up 

to 0.5 mm. across. 

Colour and Optic Properties 

The deep colour and strong pleochroism tend to make measurements 

. of optic properties difficul t. In certain orientations and til ts of the un iversa I 

stage the dark;:'rowfl almost opaque character of the mineral somewhat 
.... 

obscures the opti c properties 0 

The biotite is generally deeply coloured with marked pleochroism as 

follows: 

x 
pale-yellow 

pale-yellow 

y 

redd ish-brown 

dark-brown 

z 
da rk.,.edd ish-brown 

dark-opaque -brown 

The obsorption appears X< Y< Z. The pleochroism in yellows and 

deep browns is general throughout the Shamrocke rock types, differing only 

in intens ity. Green varieties of biotite are rare. In the biotite' amph ibol ite 

forming an internal zone between the upper and lower granul ite zones in some 

of the deeper boreholes, a deep brown biotite is possibly altering to a O'lue- , 

green hornblende with occasiona I intermediate crystals of deep gre~n biotit~. 

I 

The optical properties of the biotite are similar throughouti the area. 

960 

The extinction is parallel to the cleavage traces wh ile int~rference figures 

show the crystals to be pseudo-uniaxial or having an extremely small 2Vangle. 

Measurement of the 2V angle was attempted on the universal stage.. With the 

optic axial plane both vertical and at right angles to the control axis K of the 

stage, a rotation about K gave only one position of extinction in the 40
0 

position over a wide range of til t. Howe~er, th is extinction persisted thr~vgh 
I 

a maximum rotation of 50 and it must be accepted that the two optic axes r 

are close together and due to dispersion, cause a continuous extinction rather 

than two definite positions a few degrees apart. We must therefore conclude 
o 0 

that the average 2V angle must be between 0 and 5 • 

The indices of refraction were measured on one specimen from each 
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rock type using the immersion method and the average value for Y obtained 

was -

Y = 1 .606 

Pleochroic haloes are extremely common in the biotite; (see Plate 17B) 

these are themselves surprisingly weakly pleochroic, and sometimes show no 

detectable pleochroism. The minute crystals causing these haloes are invariably 

cut away by the section through the crysta I, showing however evidence of their 

presence in the form of the halo. 

. ... 

I nclusions found in the biotite are felspar , iron ore, apatite and 

rutile. These incl usions, generally minute stumpy laths of apatite up to 0.01 

mm., are found in the biotite of the idioblastic felspar-biotite contact rock 

between the plagioclase amphibolite and the mica schist. These apatite inclu­

sions do not produce pleochroic haloes. 
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EXPLANATION OF PLATE 17. 

A. Poikiloblastic biotite crystal forming" in granoblastic 

plag ioclase groundmass. 

Ordinary light X 40. 

B. Pleochroic haloes in biotite crystal. 

Ordinary I ight X 40. 

C. Garnet crystals (0.5 mm.) in granoblastic plagioclase groundmass. 

Ordinary light X 40. 

D. Garnet crystals (G) showing incl uded remnant plagioclase. 

Crossed Nicols X 40. 

E. Spiral garnet crystal ( 3 mm. across) showing incl udedopaque 

ore (Fe) a,!"d remnant quartz (Q). The inclusions enhance the 

effect of rotation during growth. 

Ordinary light X 40. 

F. Spiral garnet crystal ( 3 mm. across) showing incl uded op~que 

ore and remnant quartz. The inclusions enhance the effect of 

rota tion during growth. 

Crossed Nicols X 40. 



QUARTZ. 

AI though the quartz content of the rocks of the ore zone is very 

low (less than 6%
), quartz is an important constituent of the country rock. 

98. 

I t occurs either as a constituent of the granoblastic groundmass, as 

larger scattered crystals, or as minor and very narrow veinlets very occasionally 

cutting the rock. 

The quartz crystals as previously discussed, are difficul t to distinguish 

.. from the plagioclase felspar without resorting to etching and staining. 

On etching with hydrofluoric acid, the quartz resists attack whereas 

the plagioclase is easily etched. Treatment with cobaltinitrite and rhodizonate 

does not sta in the quartz and where the plagioclase is sta ined red by rhodizonate 

the quartz can be easily distinguished. 

When interference fi ~l ures are produced from crystals unstained by 

reagent, they often give uniaxial positive figures with distortion by strain, 

often causing a biaxial effect. Due to the lower quartz content in the rocks 

and hence fewer crystals, and also due to the effect on the interference figure 

by strain, the optical method was not satisfactory for quartz identification 

for modal analysis. 

The quartz crystals are always anhedral and clear, unaltered and free 

from incl usions. 
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MINOR CONSTITUENTS 

APATITE (See Plate 18A) 

Apatite is an accessory mineral in all the rocks of the Shamrocke 

Mine other than the simple mica schists. In thin section it occursgenerall'y' 

99. 

as minute, rounded and columnar crystals of the order of size of approximately 

0.01 mm. In some granulites and porphyroblastic felspar amphibole rocks, these 

occasionally increase in size to 0.1 mm., while in one exceptional case in a 

thin section cut from felspar amphibole rock from borehole 19 at 7~'9", basal 

sections of up to 0.4 mm. were grouped together • Narrow acicular crystals 

of apatite are rare but are occasioncil .ly found in the plagioclase amph ibol ites 

and garnet amphibole schists. The maximum length measured of these needle­

like crystals was in a thin section of plagio-amphibolite from borehole 20 at 

232'0"" where these needles are up to 0.2 mm. long. 

In ordinary I ight, these crystals are colourless with ci relatively high 

relief. Between crossed nicols they show very weak birefringence, the 

interference colours be ing greys and bl ues of the first order, basal sections 

being isotropic. They show straight extinction except where small crystals 

overl ie crystals of the groundmass and the extinction position is obscured by 

the interference colours of the underlying minerals. 

Short col umnar crystals of apatite are sometimes found included in 

biotite porphyroblasts. These do not cause pleochroic haloes in tne biotite 

host. 

RUTILE. (See Plate 18B and Plate 26A) 

Rutile is found only in the granul ite and porphyroblastic felspar 

amphibolerockso It is an abundant accessory within the ore zon'e; where 
.. 

these rocks occur outside this zone it is relatively rare. 

In th in section, the rutile occurs as minute prisms and rounded gra ins 

0.05 mm. to 0.1 mm. in size. These are both pa le and deep coloured generally 

showing pleochroism as follows: 

x 
pale-yellow-green 

yellow-brown 

z 
ye II o~brown 

deep-coppery-re d-brown 
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EXPLANATION OF PLATE 18. 

A. Stubby apatite crystals included in biotite. 

Ordinary light X 100 .. 

B. Geniculate twin of rutile of deep red-brown colour. 

Ordinary light X 400. 

c. Sphene assoc ia ted with i I men i te • 

Ordinary light X 100 .. 

D. Subhedral dolomite crystals showing 

both cleavage and faint twinning in two directions. 

E. Shreds of graphite (black) in groundmass of biotite schist. 

Ordinary light X 100. 

F. Epidote (Ep) granules in plagioclase amphibolite. 

Ordinary light X 100. 



100. 

The absorption is: greater when the lengths of the prisms are 

parallel to the trace of the lower nicol, distinguishing it quite definitely from 

tourmal ine where absorption is greatest across the length. Where the colour is 

extremely deep, it appears almost opaque and is often confused with finely 

disseminated opaque minerals. Occasionally geniculate twins are seen 

(see Plate 18B). 

SPHENE (See Plate 18C) 

'" 
Sphene is a constant accessory mineral of the plagioclase amphi-

bolite, occurring only sporadically .in the other rock types. In the granulite 

it is rare while in the porphyroblastic felspar amphibole rock it is occasionally 

found as an accessory, particular Iy in this rock type occurring outside the ore 

zone. I t is also occasionally found in the inner zones of reaction banding in 

the granulite around calcite bodies. 

It occurs bolh associated with a sulphide mineral, presumably ilmenite, 

andas scattered crystals within the rock mass. In thin section the sphene appears 

as irregular anhedral crystals generally between 0.01 and 0.1 mm. across and 

as small drop-I ike granules. I t generally has the characteristic sphene brown 

colour while between crossed nicols the larger crystals show extreme bire­

fringence. 

Where the sphene is associated with the oxide it appears either: 
I 

as granules surrounding it or appears to be an al teration product of a larger 

oxide crystal - in th is case iI men ite. I n extreme cases such as may some­

times be found in the garnet amph ibole sch ists, sphene pseudomorphs after 

ilmenite occur with minute remnant ilmenite throughout. 

STAUROLI TE ~(See Plate 180, E and F). 

Staurol ite is an important index mineral in metamorph ism.. The 

impl i cations of the presence of the m inera I are discussed under the metamorph ism. 

Staurol ite is rare in the Shamrocke rocks arid has only been isolated 

in thin section in two places - in a typical carbonaceous.,.biotit&"mica schist 

from borehole C at 217' 0" and in a coarse dark-green garnet-amph ibole sch ist 
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from borehole 28 at 114'8". However, the mere existence of th is 

mineral is important when considering the metamorphic facies relative 

to the area. 

It occurs as irregular porphyroblasts up to 0.5 mm. long which 

appear to have been draw~ out along the direction of schistosity. It is 

conspicuous by virtue of its golden-yellow colour and strong pleochroism 

from a pale yellow brown to a deep golden=yellow along the length. 

A large number of sections cut from identical garnet-amphibole schist 
.\' 

throughout the sequence fa iled to give further occurrences of staurol ite. 

Williams, Turner and Gilbert,(1958) state: liThe presence of 

staurol ite (I ike that of chi oritoid at lower grades of metamorph ism) indicates 

deficiency in potash combined with a rather high content of iron II • It is 

always associated with garnet and micas. 

EPI DOTE (See Plate 19A) 

Epidote is generally absent in the immediate area of the Shamrocke 

Mine; it is found occasionally in the plagioclase amphibolite, and as minute 

crystals in the saussuritisation of plagioclase felspar. In isolated cases it can 

101 . 

be seen within secondary veining in the plagioclase amphibolite and impregnating 
I 

the surrounding rock wi th minute granules of highly birefrigent epidote e An 

example of this is seen in borehole 27, (Plate 19A). Epidote occ;urs as 

columnar aggregates in the felsic groundmass of a very characteristic coarse 

para-amphibolite with decussate hornblende porphyroblasts, as found in borehole 

28 at 1561 0" and 1460'0". 
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CALCITE AND DOLOMITE 

As discussed under the section on Selective Staining, the various 

properties of the two minerals were studied relative to the resul t obtained 

from the staining, and certain criteria were observed which apparently 

distinguishes the calcite from the dolomite in specimens from the Shamrocke 

Mine. These diagnostic criteria are discussed in that section, together with 

the observations made from the staining. 

Calcite (See Plate 19D and E). '" 

1020 

In thin section the calcite occurs generally as anhedral irregular 

crystals, usually turbid or murky and, due to the turbidity it appears to have a 

higher relief than the dolomite. Very few, if any, straight edges to the 

crystals are found. The cleavage traces ar~ visible but not distinct, two traces 

are of ten- visible, but cannot be identified relative to any crystal edge. 

Some of the traces observed could be due to parting. Interference colours 

are generally ofh igh order and twinning along two directions is visible. 

The twin planes are not always as distinct as in the dolomite. 

Macroscopically, the calcite is usually white and, within the rock fabric, 

appears granular. Only the calcite from veins and "blows" of secondary origin 

appears crystal I ine ~ 

The calcite stains a deep purple with haematoxyl in solution. 

Dolomite (See Plate 180 and 19 F) 

In thin section the dolomite crystals are completely colourless and 

transparent in ordinary I igh t. The cleavage traces are eas ily seen and are very 

sharp; two sets of cleavages can be seen, intersecting at oblique angles. The 

crystals are often anhedral but always show some straight crystal edges. At 

times subhedral to anhedral crystals abound, showing rhombohedral habit. 

The interference colours can be moderately low to very high. 

Macroscopicalty the dolomite is generally obviously crystall ine and 

often a pinkish colour. 

The dolom ite is unreactive to the haematoxyI in sol uti on. 
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EXPLANATION OF PLATE 19. 

A. Highly epidotised plagioclase amphibolite. Epidote granules 

(Ep) showing high rei ief. ' The amphibole is hornblende (Hb). 

Ordinary I ight X 400 

B. Calcareous grit from well west of the Mineo Anhedral calcite 

crystals abound in felspar rich groundmass. 

C. Calcareous grit from well west of the Mine. Anhedral calcit~ 

crystals abound in felspar rich groundmass 0 

D. I mpure limestone. From north of ore body. Predominantly 

cal cite (Ca). 

E. 

Amphibole, biotite, graphite, opaque ores, quartz and felspar 

are impurities. Note anhedral habit of calcite crystals. 

Ordinary light X 400 

Amphibol ised limestone. Anhedral calcite grains 

(Ca) with poikiloblastic actinolite crystal. 

Ordinary light X 400 

F. Pure dolomite 0 Largely subhedral dolomite crystals 

showing twinning in two directions. 

Crossed Nicols X 40. 
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EXPLANATION OF PLATE 20 

A. Garnet--5taurol ite 5ch ist. 

G = garnet 

5 = schist 

Act = actinol ite • 

• B. Garnet 5taurol ite 5ch ist. -

\~ 

The staurolite (5) is a golden colour and highly pleochroic. 

The groundmass is predominantly quartz (0). The garnet (G) 

occurs as anhedral crystals. 

Ordinary light X 40. 

Co Garnet 5taurol ite 5ch ist -

The staurolite (5) is a golden colour and highly pleochroic. 

The groundmass is predominantly quartz (0). The garnet (G) 

occurs as anhedral crystals. 

Crossed N i co I s X 40. 

D. Pol ished section showing a basal section of hornblende in 

chal copyrite. Note the interstitial chal copyrite with in the 

incipient hornblende crystal. 

E. Unstained pol ished section with cuban ite lamellae just 

visible in the chalcopyrite with unidentified mineral "X" 

at the grain boundary between chalcopyrite and pyrrhotite. 



GARNET 

The garnet of the Shamr6cke rocks is a pale-pink to grey colour 

in hand specimen and occurs as rounded crystals scattered through the fabri c 

of some of the rocks, to a greater or lesser extent. Garnets are found in 

some of the granulites, schist and phyllite, and plagioclase amphibolite. 

Some rocks are enti rei y free of garnet; its distribution through the area 

.. is not known. ' ", 

In thin section, the garnet is generally rounded and varies in 

grai n size from mi nute crystals up to 2 mm. across. They are isotropi c and 

a colourless to pale-grey colour in the thin section. 

Rotational effects are well evidenced by the spiral distribution of 

inclusion. 

103. 

Refractive index measurements were attempted using solid melt media, 

but the results were entirely unreliable. 

The garnet is assumed to be of the . AI mandine subspecies from its 

appearance, colour and the grade of metamorphism of the enclosing rock~ 

GRAPHITE 

Graphite is a common constituent of some of the schist,. phyllite 

and granulite of the study area. It occurs as black shreds and flakes scattered 

throughout the rock fabric and often shows a I ineation, enhancing the 

foliation caused by aligned biotite prisms. 
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OPAQUE MINERALS 

SAMPLING 

The Shamrocke' orebody was sampled systematicdlly 'so as ,to give 

, specimens at 'regular intervals across the body, and with increasing depth 

below the surface • 

In all, 41 samples were token, from which 23 polished sections were 

prepared, 12 of these from specimen'ts tak~n at varying depths and 11 from 

104. 

specimen'ts at regular 'intervals across the body. By this systema'tic: sampl ing, 

it was hoped that differences in the mineralogy with positiol'} within the orebody 

would shed some light on the mode of deposition of the ore. 

Sample Positions (from the specimens underl ined, pol ished 

sections 'for microscopic-study were prepared). 

Depth'Sampl ing 

B/H at 180'0" 

B/H 6 at 14410" 

B/H 7 at ' 37210" 

B/H 17 at 88610" 

B/H 19 at 147910 11 

B/H 27 at 238010" 

B/H 28 at ' 2269'0 11 

Lateral Sampl ing 

188'0" 

14410 11 

353'0" 

926 10" 

1482'0 11 

2128 10" 

271910" 

16510" 

, 398 10" 

489 10" 

1516 10" 

2382'0'1 

2692'0'11 

Sampling at regular 5 feet intervals across the orebody' was done from 

Borehole 6, allowing for gaps dl:Jetoth~ absence of sulphide ' mineralis~tion. 

21 samples were taken~ while 11 were polished. Those samples polished were 
.. 

from the following depths ,down Borehole 6: 

341
, 541

, 74', 94', 104', 1141
, 1241

, 1341
, 144', 154' ~nd 1641

• 

DESCRIPTION OF THE ORE MI NERALS 

The Shamrocke ore minerals 'form a :simple sui'te with ,simple textures. 

' ;~ 
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The individual minerals are described below by way of their physical 

and optical properties under the microscope, while their textural relationsh ips 

ar~ discussed in the next section. 

The Shamrocke ore mineral suite is as follows, listed in the 

approximate order of importance: 

Cha I copyr it~ , 

Cha I copyr i te 

Cubanite 

Pyrrhotite 

Arsenopyr ite 

Pyrite 

Ilmenite 

Haematite (specular) 

Mol ybden ite 

Unidentified mineral "X" 

' \. 

Chalcopyrlte occurs as anhedral crystals ranging from 0.01 to 0.1 mm. 

in size, disseminated through the groundmass, to large irregular masses of varying 

size • It generally shows a "mutual boundaries II texture with the pyrrhotite and 

has cubani'te crystallised within it, generally as broad and narrow lame/rlae 

crystallographically controlled, or less generally- with irregular boundaries,/ When 

adiacent to cal cite gangue, the boundaries are someti mes crenulat~d along the 
i 

rhombic edges of the calcite. . 

The colour of the chalcopyrite is generally a brassy yellow, but very 

often exhibits a pinkish sheen, which at times makes it difficul ~to distinguish from 

the cuban ite, and sometimes from the pyrrhotite. Th is pink ish sheen is most 

probabl y, tarn ish ing wh ich may arise from high speed and dryness of the pol ish ing 

lap. Hall imond (1956) describes a similar effect which he terms liThe Beil by 

Layer ". The h ighl y pol ished chal copyritetarn ishes a deep yellow wi th age an~ 

it is in that form more easily distinguished from the exsolved cuban He. 

The chalcopyrite is sometimes very weakly anisotropic, polarising 

colours vary from a yellow to a grey-blue, with' some crystals showing no aniso­

tropism. 
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EXPLANATION OF PLATE 21. 

A. Cubanite (Cu) lamellae in chalcopyrite (Cp) with pyrrhotite(Po) 

showing mutual boundaries texture relative to the chalcopyrite. 

The cuban ite shows the natural tarn ish wi th time. 

The pyrrhotite can be seen distinct from the chalcopyrite and 

exhibiting a pinkish sheen similar to the "Beilby" layer referred 

to in the text. The unidentified mineral "X II is indicated. 

X 60 ". 

B. Tarnished cubanite crystallizing in three crystallographic 

directions (111) of the chal copyrite. The dark mineral is pyrrhotite st(.llned 

deeply iridescent with Cr
2

0
3 

solution. 

X 60 

C. Tarnished cubanite (Cu) predominating with chalcopyrite (Cp). 

Small curvea molybdenite prism is shown (Mo). The cubanite is 

both as large masses and exsolution lamellae in chalcopyrite. 

X 60 

D. Cubanite (Cu) natural tarnish in chalcopyrite (Cp). Cubanite 

lamellae pinching out. 

X 60 

E. Tarnished cubanite showing exs:olution lamellae crossing, 

with no thicken ing at intersection. 

F. Pyrrhotite crystals with natural cleavage and 

pitting due to parting. 

X 60 



The reflectivity is sl ightly higher than the pyrrhotite, showing 

regularly a greater value from relativereodings on a C. T'.S • m'icrophotometer. 

The hardness of the cha I copyrite is I ess than the pyrrhotite and 

approximatel y that of the cuban ite. It is readily scratched by a needle. 

The chal copyrite tarn ishes differentially I ight~brown with aqua regia 

and in places stains I ight--brown. With H N0
3 

it occasionally tarnishes 

differentially iridescent. I t shows a nega 'tivereaction with HC1, KCN, 

• FeC1
3

, HgC1
2 

and KOH. 
'" 

Pyrrhotite 

The pyrrhotite occurs both as large crystals of varying si;e down 

to small "blebs" 0.01 to 0.1 mm. across, and occasional minute stringers at 

106. 

the grain boundaries of the chalcopyrite. It has generally a "mutual boundary" 

relationship wit~the chalcopyrite and cubanite and is often seen with chal­

copyrite both within it and filling crocks in the pyrrhotite crystal,s. I t is generally 

a pinkish cream colour and is strongly anisotropic, with polarisation colours 

grey-wh i te to red-brown. 

_ A t times the pyrrhotite is difficul t to distinguish from the cuban ite 

as the colour is often similar, and the polarisation colours also similar;how,~ver, 

the pyrrhotite shows a deeper brown polarisation colour even where; the cupanite 

is tarnished. The pyrrhotite is however notably harder, and the Becke Line at the 

interface between the pyrrhotite and the cuban ite is seen clearly to, move from 

the pyrrhotite into the cubanite when the microscope is raised. 

At times, the pyrrhotite shows a strong trace of the basal parting, 

which may be in the form of parallel straight I ines, or at times wavy and 

irregularly deformed by stress. Coarse pi tting at times takes place along th is 

parting and enhances the effect. 

The reflectivity is moderately high, but less than chalcopyrite. The 

pol ish obtained is generally good except when the parting cracks are evident. 

A resistance to staining by chromium oxide (Cr0
3

) further distinguishes 

it from cubanite, although a certain iridescence is obvious. Both HCl and HN0
3 

tarnish differentially and KOH stains brown in patches. It is negative to 

I ~~. 
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K CN, FeC1
2 

ond HgC1
2

• A natural tarn ish with time brings up the parting 

cracks and causes iridescence. 

Cubanite 

The cubanite occurs as both narrow and broad parallel lamellar 

exsol ution intergrowths a I ongthe (111) planes of the chalcopyrite, and in 

addition exh ibits mutual boundaries texture with the pyrrhotite. The boundary 

between the cuban ite and the chal copyrite is generally recognisable under 

107. 

the microscope, except where the pinkish sheen is present on the chafcopyrite. 

Itis, however, easily distinguishable from the chalcopyrite by its strong 

anisotropism and its staining by chromic oxide. The textural relationship between 

the cubanite, chalcopyrite and pyrrhotite is described at length in the section 

on Textural Relationships. The colour of the cubanite is a pinkish creom which 

is perhaps yellower than the pyrrhotite. At times, it shows I ittle or no aniso­

tropism, but generally shows a fairly strong anisotropism with polarisation colours 

from a grey..yellow to a grey-blue. Where the cubanite is tarnished, these 

colours are grey-bl ue to a pale-reddish-brown. The hardness of the cubanite is 

approximately that of the chal copyrite and distinctly softer than the pyrrhotite. 

It is easil y scratched by a needl e. 

An important aspect of the cuban ite is that it exh ibits a natural tarn ish , 

with time. It tarnishes both to a pale partly iridescent brownish colo~r and to' adark 

brown and in this form is easily distinguishable from both the chalcopyrite and pyrr-

hotiteo With aqua regia it stains deep red ·brown drying with an ir'idescent 

tarnish. It shows a negative reqction with HC1, HN0
3

, FeC1
3 

and H9
2 

C1
3

• 

As previously mentioned, it stains a deep brown with chromic oxide (this test is 

the diagnostic test for cubanite) and this distinguishes it easily from the other 

minerals. 

Arsenopyrite 

Macroscopically in polished section, the arsenopyrite is a shiny, hard, 

silvery-greymineral and cannot be mistaken amongst the other minerals. 

Microscopically, it is a grey-white colour with weakly developed anisotropism, 

showing polarisation colours from a green ish .. yellow to a pale blue"'grey. 

oi:~ , 
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An unusual aspect of the anisotropism is that some parts of a crystal may 

appear isotropic with very small granular sections showing an isotropism. It 

is extremely hard and cannot be scratched by a needle even with considerable 

pressure 0 I t has a high reflectivity" I t is not an easy mineral to polish and is 

incl ined to retain minute pits, possibly due 'to i'ts brittleness. 

With H N0
3 

the arsenopyrite stains differentially iridescent but it 

shows a nega tive reaction with the other standard reagents. Aqua regia also 

stains differentially iridescento It is distinguished from the pyrite byi'ts white 

... colour and its an isotropism. I t occurs as both minute grains and large grains 

upwards of 2 mm" in length 0 I t shows a 'mutual boundaries'texture with the 

other mineralso 

1080 

A semi-qoantitative spectrograph ie scan was carried out over a number 

of ores containing arsenopyrite. The resul ts of th is analysis are shown under the 

section on Chem ical Data a nd it will be noted that the arsen ie is generally 

upwards of 50 i oqo ppm. in such rocks 0 

The arsenopyrite is not a very common mineral in the ore zone but does 

form particularly within the highly ' graphitic granulites. In the first 14 polished. 

sections taken from various parts of the orebody, no arsenopyrite was 'found and it 

was first encountered during the sampl ing of underground Borehole 60 Pre,vious 

to the selection of samples for polishing, however, numerous samples ·contClin;,ng 

arsenopyrite were selected for the spectrograph ic work. 

Pyrite 

The occurrence of pyrite in the orebody is perhaps similar to that of 

arsenopyrite, in that it is not a common constituent of the ores of the Shamrocke 

Mine" Again, it was first encoun'tered in the sampl ing of Borehole 6 and only three 

specimens out of 23 pol ished sections showed the presence of pyrite. In hand 

specimen it is virtually never identified. In Borehole 6 at 54 feet, the grains 

are fairly large, upwards of 005 mm., and show generally a regular smooth 

boundary 0 

The diagnost~c characteristic of the pyrite is that it is isotropic and never 

shows differing polarisation colours on rotation of the stage" I t is a pal e)'ellow 

colour in hand specimen and is cream under the microscope. It is extremely hard 

~ 
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EXPLANATION OF PLATE 22. 

A. Prismatic ilmenite crystal with chalcopyrite (Cp), pyrrhotite (Po) 

and cuban ite (Cu). 
X 60. 

B. Highly polished pyrite crystal (Py) alongside pyrrhotite 

crystal (Po) in gangue. Scratch marks on the pyrrhotite are 

made by a needle which did not scratch.Jwit~ ~onsiderable 

pressure) the pyri te .. 

X 60. 

C. Small crystals of specular haematite scattered through 

the gangue. Large anhedral chalcopyrite crystal indicated (Cp). 

D. Small specular haematite crystal under high magnification,. 

E. Anhedral ilmenite crystal with included specular 

haematite. 

High magnification 

L 

X 400. 

X 400 

~/~ 

,~~, . 



and connot be scratched by a needle. Nitric acid imparts a brownish tarnish 

to the pyrite wh ich is negative to all other standard etch reagents. 

limen ite 

The larger ilmenite crystals occur both as broad prismatic crystals 

109. 

up to 1 mm .. in length and also as irregularly bounded grains 0.1 mm. to 0.5 mm. 

in size. The most common form of the ilmen ite, however, is as minute rounded 

grains from 0 .. 01 mm. to 0.5 mm. in size,scattered about within the felspar 

gangue 0 It is very often, and particularly in the smaller rounded grQins, 

i'ntergrown with even smaller rounded grains of specular haematite. It is very 

seldom found in a calcite gangue. It is a brown'iJreycolour, extremely pale i'n 

the very small grai~s and of a more distinctive '''ilmenit'e colour" in the larger 

grains. I t is an isotropic with polarisation colours from a bl ue ... grey to a brown. 

It is extremely hard and cannot be scratched with a needle, even with con­

siderable pressureo The ilmenite shows no signs of a cleavage and polishes very 

well. Chemical1y, it shows a negative result with all standard reagents. 

Occasionally, very narrow and minute pale-grey prismatic crystals are 

seen with a similar hardness ,and two extinction positions;, A strong internal 

refl ection D s suggestive of rutH e but the lack of four separate extinction directions 

r~les this out.. The hardness of some of these grains distinguished it from /the 

mol ybden ite 0 

Haematite (Specular) 

The specular haematite occurs almost ubiquitously scattered throughout 

the fine granular felspar gangue as minute rounded crystals from 0.01 mm. to 

0.05 mm. The haematite is a white-grey colour and is very hard, not being 

scratched by needle with considerable pressure 0 It is anisotropic from a light-grey 

to a pale-brown.. I t is seldom encountereciJ with in cal cite gangue and olso occurs 

as small rounded grains within the pyrrhotite and chalcopyrite. It has a much 

higher reflectivity than ilmenite and very often occurs intergrown and included 

within small ilmenite grains. It is negative to all the stondard etch reagents. 

I t is very often seen crystal I ising along the boundary between the gangue and the 

pyrrhotite and cha I copyrite. 
oi~ 
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Mol ybden i fe 

The molybdenite always occurs as minute narrow prismatic sections, 

wh ich are very often curved. The narrow minute laths are generally less than 

110. 

0.01 mm. long, and show very nearly straight extinction. An important diagnostic 

property of the molybdenite laths is that they exhibit four distinct extinction 

directions in a complete rotation of the stage. The crystals show a strong 

anisotroprism, with polarisation colours from a I ight grey to a dark grey~ blue. 

They are extremely soft and are scratched by a needle drawn gently across 

them, and a Becke Line moves strongly- outwards from the crystals OF:l lowering 

the microscope tube. Occasionally, they are very long needle-like crystals 

up toO.l mm. in length. 

They are nega tive to the standard etchreagen ts. 

Un identified Mineral "X II 

This mi'1eral is always small and never exceeds 0.02 mm. 

I t is always found within the pyrrhotite or at the boundary between cubanite 

and pyrrhotite. It is paler than both the pyrrhotite and the cubanite and is 

a pinkish- white colour. 
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QUANTITATIVE MINERALOGICAL ANALYSIS OF THE ORE 

The standard techniques of the modal analysis of ores, involve 
fr9£I) 

serious sources of error. CameronAdiscusses these errors in deta il. A summary 

of h is observations here suffices to suggest that the accepted simple method~ 

of modal analysis cannot provide accurate resul Is for the Shamrocke ore, a~d 

that should a quantitative analysis be undertaken on this ore, the ore should 

be crushed, spl it accurately, and measured after the crush is mounted in a 

suitable medium. Cameron observes that the modal analysis of ores can throw 

.. much I ight on the origin of the ore, stages of mineral deposition, the chemistry 
'" 

of ore sol utions, and other aspects of the origin of particular constituents. 

Although an accurate quantitative analysis of the Shamrocke ore would be 

advantageous, especially to establ ish the relative prop ortions of chal copyrite 

and cubanite, it was decided that- the scope of this work did not warrant the 

advanced techniques indicated. Should a detailed study of the ore for the 

purposes of deciding on the most suitable ore dressing methods be required, 

modal analysis w.ould be essential. 

Cameron bel ieves that the sampl ing error is one of the serious errors 

involved in the modal analysis of ores. The Shamrocke ore is far from being 

homogeneous and, without a great number of samples systematically taken, 

the results could not give an accurate and representative resul t. Even with in 

. s ingl e specimens of an inhomogeneous ore th is sampl ing error arises, where 

many sections should be cut for representative results. The Shamrocke ores ' 

are too inhomogeneous and in places of too coarse a grain to give Jepresentative 

results. The area which would have to be traversed in each pol ished section 

of the coarse-grained ore to obtain accurate resul ts would be impractical. 

TeXTURES AND PARA GENES IS 

The textural relationsh ips between-the ore minerals of the Shamrocke 

Mine are very simple • Th is simpl i city of texture does not, however, provide 

much guide as to the paragenetic order of the sulphides and gangue minerals. 

The three main sulph ide minerals, pyrrhotite, chal copyrite and cuban ite 

give little evidence through their textural relationships with one another as to 

exactly which of them was the first to crystallise. There is little doubt that 
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the relationsh ip between the chal copyrite and the cuban ite is the resul t 

of the unmixing of a solid solution between these two sulphides. The cubanite 

occurs as both narrow and broad parallel laths and bands within the (111) 

directions of the chalcopyrite, and larger masses which exhibit irregular mutual 

boundaries towards the chalcopyrite • . The fact that not all the cubanite occurs 

as parallel laths within the chalcopyrite may possibly be attributed to a high 

"concentration of cuban ite and chal copyrite and a slow enough rate of cool ing 

to cause partial unmixing, to segregate masses. The relationsh ip of the pyrrhotite " 

with both the chalcopyrite and the cubanite is not easily understood. Generally, 

the pyrrhotite shows a "mutual boundary" relationship wi th both the"chal co­

pyrite and cuban ite, suggesting simul taneous crystal I isation from the original 

mineral ising sol utions. Edwards (1947) , however, points out that a II mutual 

boundaries" feature, while suggesting a contemporaneous formation, can as 

well indicate the unmixing from a sol id sol ution under sufficiently slow conditions 

of cool ing, or even replacement. Generally the paragenesis of hydrothermal ores 

. shows pyrrhotite to be deposited earl ier than chal copyrite, and in at least two 

. pol ished sections of the Shamrocke ore, both taken at a shallow depth, minute 

but fairly rei iable indications of in itial pyrrhotite deposition followed by 

replacement by chalcopyrite and cubanite are found. It must be assumed that 

the pyrrho tite was the fi rs t to be depos i ted, fo II owed ve ry c I osel y by cha I co­

pyrite-cuban ite giving overlapp ing crystal I isation. 

The presence of both ilmenite and molybdenite as lath shap~d crystqls 

within the other sulphide minerals indicates their initial crystallisation and sub­
i 

sequent inclusion within later sulphides. 

Among the ma in constituents, pyrrhotite is thought to have crystall ised 

first, closely followed by chalcopyrite with a certain amount of overlapping 

of crystal I isation on further cool ing. 
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TEXTURAL RELATIONSHIPS BETWEEN THE ASSEMBLAG~ .. 
PYRRHOTITE - CHALCOPYRITE - CUBANITE - GANGUE 

Some observations of these textural relationsh ips with a few exampl es 

are given below. 

Pyrrhotite - Chalcopyrite/Cubanite 

Pyrrhotite in the Shamrocke ore generally has a "mutual boundary" 

relationship with chalcopyrite/cubanite. These mutuol boundaries are 

generally irregular with no sign of selective replacement on· ... either side 

of this mutual grain boundary, nor do they show the presence of crystal 

outl ine in any form. These mutual boundaries occur irrespective of grain 

size. 

e • g. Borehole 27 at 2382 feet 

, :C'-4. 

In two polished sections, small but definite examples of the replace­

ment of pyrrhotite by chal copyrite/ cubanite are seen. Here pyrrhotite 

is seen to have chal copyrite and ~uban ite protruding a long cracks into 

it, as well as the fill ing of interstices with in the pyrrhotite by chal co­

pyrite. Chalcopyrite replacing pyrrhotite in Borehole 7 at 372'5" has 

caused numerous crystals of pyrrhotite to show "shredding II at their edges 

as remnant pyrrhotite to the replacement by chalcopyrite. Occasionally, 

several wedge shaped grains of chal copyrite are found within the pyrrhotite. 
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e. g. Borehole 1 at 180 feet and 

Borehol e 7 at 372 feet 

Gp 

/?--c;ft/~ 
c,p Fe 

Cl 

." 

. Pyrrhoti'te often occurs as blebs up to 0.1 mm. across and minute 

stringers at the grain boundary between the chal copyrite and calcite 

gangue. These do not appear to be pyrrhotite being deposited within 

crocks in the chal copyrite, but rather replacement veins and blebs. 

114. 

This texture is very difficul t to explain in the suggested paragenetic sequence 

of the ore. Pyrrhotite is also found as small, narrow, irregular laths or 

veins within the chal copyrite; again this is difficul t to explain. 

e.g. Borehole 19 at 1479 feet 

Generally, with a I ittle practice, the pyrrhotite can be 

distinguished from the cuban ite. The pyrrhotite -regularly shows the trace 

of the basal cleavage, but where this cleavage is absent, it is generally 

seen to be a deeper pink colour and shows a bright "Becke Line" moving 

into the chalcopyrite or cubaniteon raising the microscope tube, 

indicating a greater pol ishing hardness than both chal copyrite and 

cubanite. The resistance to staining by a solution of Cr
2

0
3 

instantly 

distinguishes it from cubanite which is easily stained. 

Chalcopyrite - Cubanite 

Cuban ite occurs both as narrow and broad parallel lamellae in the 

(111) planes of the chal copyri'te, ahd exh ibits irregular and smooth mutua~ 

. .. ~ 
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boundaries with the chal copyrite. 

The cubanite is accepted as being the product of the unmixing 

of a solid solution of chalcopyrite and cubanite. The occurrence of 

cubanite as both laths and bands along the crystallographic planes of 

the chal copyrite, and irregular masses showing mutual boundary texture 

with the chal copyrite will be discussed under 'Paragenesis' and is 

attributed to high concentration of cubanite in the chalcopyrite and to 

the rate of cool ing during deposition ~ 

The boundaries between the chalcopyrite and the cubanife are 

generally readily recognisable under the microscope, except where the 

chalcopyrite attains the pinkish sheen associated with the "Beilby Layer" 

of Hallimond (1956). However, with practice, even this sheen does not 

make recognition too difficul t. Where difficul ty is experienced, the 

staining of the cuban ite with a solution of Cr 203 successfully brings 

out the textural relationship between these two minerals, and at the 

same time' serves to distinguish between cuban ite and pyrrhotite. 

A natural tarn ish of the cuban ite with time,further serves to distinguish 

it from the chal copyrite and pyrrhotite. 

The cubanite laths and bands along the (111) crystallographic 

directions in the chal copyrite occur as lamellae ranging from singl'e narrow 

laths in the chalcopyrite to very broad and numerous bands I~aving li.ttle 

chal copyrite between. These lamellae are parallel to one ar,llother in each 
! 

(111) direction. Where the lamellae cross forming a connected lattice-
I 

work, no thickening takes place. Generally, these lamellae are straight, 

but occasionally they become wavy and pinch out .. A broad cubanite 

band often spHts up into numerous th in laths. A very interesting feature 

of these parall el cuban ite laths, is that they sometimes come to an abrupt 

end along an invisible plane in the ~chalcopyrite. Even where the chalco­

pyrite grains are very small these cuban ite laths occur, sometimes quite 

microscopic in themselves. 
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Some examples 

(\i) 
sal)'jl).e 

~()Vl$ije 

JCIr'lJc.te 

~GV)~e . 

(iv) Cp 

Cp 

c"'-

Cp 

Cp 

=======-

. , 

-

Wavy 

Where chalcopyrite and cubanite show mutual boundari~s with 
I 

. one another, these boundaries are smooth and irregular and 'must be 

attri buted to a sufficiently slow cooling rate during unmixing to 

segregate the two minerals, as c'ubanite is, of necessity, an unmix­

ing product from a disordered chalcopyrite. 

Sulphide - Gangue 

The main gangue minerals are calcite, felspar and amphibole 

(hornblende), and again these show simple grain boundary relation­

ships with one another. 

~ 

t 

~; 



117. 

The calcite gives an indication of having crystallised both 

simultaneously' with, and before the sulphide minerals. There are examples 

where irregular and smooth intergrain boundaries and incipient cry­

stallisation of sulphide in gangue, suggest simultaneous deposition. Very 

occasionally-small grains of calcite are found enclosed in the sulphide. 

Where the calcite shows straight crystal edges against the sulphide, and 

where the sulphide crystoll irsation appears to have taken place within 

the irregularities of the cal cite edge or within interstices in the cal cite, 

it is assumed that the calcite was in fact deposited ahead of the sulphides. 

Here also a certain amount of replacement of cal cite by sulphides is 

seen, the more common indications being a distinctly crenulated calcite 

boundary where the sulphide is replacing the cal cite grain at the edges. 

I t is rather difficul t to establ ish whether the ragged edges shown by some 

sulphide crystals are due to replacement of the calcite or simultaneous 

incipien t crystal I isation from a common sol ution. Here it is quite feasible 

that where the calcite appears older than the sulphide, it is a primary 

calcite from the original calcareous grit, and where simul taneous crys­

tall isation is indicated, that this is in fact cal cite that has crystal I ised 

alongside the sulphide from metasomatising sol ution. 

The felspar of the gangue is the felspar groundmass of the original 

rock. The grain-boundary relationship of this felspar with the sulphide 

is one of irregular and smooth contacts where the sulphide minera'is have :been 

deposited against the granular groundmass felspar, with in irregu i.ari ties of 
! 

these boundaries, and in interstices and cracks between the grains. 

Where the gangue mineral is hornblende, this hornblende is of 

metasomatic origin and crystal I ised simul taneously- with the sulphide minerals. 

Th is hornblende is seen as irregular anhedral grains, lath-shaped crystals 

or basal sections in and about, wh ich the sulph ide minerals have been formed. 

The laths are arranged decussately. Oc casionally-within openings in 

the chal copyrite small laths of hornblende are found, rul ing out replacement 

and again indicating simul taneous deposition ~ 

I n places, it appears that narrow hornblende laths within the 

chal copyrite have been 'replaced by pyrrhotite. As with the pyrrhotite 

appa'rentlyreplacing the chalcopyrite, this second stage pyrrhotite is 

'.!'!c.-

,,: j 

~ 
t~~ 

t:.· 
',' 

0; 

\-:'.~': 



difficul t to explain. One lath of pyrrhotite appears to have remnant 

hornblende along the one side • However, these pyrrhotite laths may 

simply be replacement or exsolution laths in the chalcopyrite. 

OTHER TExrURES 

The only other textures of any consequence are those concern ing the 

smaller and unidentified mineral. 

Mineral X occurs almost always enclosed within the pyrrhotite or 
' \. 

within the pyrrhotite at the contact with chalcopyrite or cubanite. Only one 

example of this mineral X a short distance from the pyrrhotite within the 

chalcopyrite and cubanite was found. These are always anhedral grains. 

118. 

The molybdenite crystals are always found as laths, sometimes bent, within 

the cha I copyr i te • 

TEXTURES RELATIVE TO POSITION WITHIN ORE-BODY 

Although sections were polished from specimens taken at regular depth 

intervals and also at regular intervals away from the hangingwall contoct across 

the width of the body, no textural differences whatever could be found wit~, 

both depth and distance from the sidewall with in the ore body • 

PARAGENESIS 

Parageneti cOrder. 

As previously described, the texture of the minerals of the ore of the 

Shamrocke Mine is relatively simple. This simplicity does not yield very much 

information as to the sequence of mineral deposition 0 

Bastin, Graton et al (1931) p.561, state: 

"The precipitation of minerals from any complex solution is governed by 

' composition, concentration, temperature, pressure and time. ChQnges in any of 

these facto~s may resul t in precipitation. The composition and concentration of 

this system will change by continued precipitation; they will also be changed by 

introduction of new materials. Thus, even in a single period of primary minerql i­

sation changing conditions mayresul t in age diversity among the ore minerals. 
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Simultaneous depos'ition is where substances being considered to be 

simultaneous only if their precipitation from solution begins and ends at the 

same time. Simultaneous deposition may be effected by the unmixing of 

sol id sol utions. II 

119. 

In many mineral deposits,replacement is common, resulting in an 

abundance of replacement textures by which the observer can, with fair 

confidence, place the min~rals in their order of deposition. In the Shamrocke 

ore, replacement textures are not general, and where replacement has indeed 

taken place, the degree of replacement has been sl ight. Bastin, Graton (1931) 

discuss replacement thus: 

"Where no appreciable open spaces are available which ores may' occupy, 

deposition may be accompl ished through replacement. Replacement may be 

defined as the dissolving of one mineral or group of minerals and the simul taneous 

deposition of another mineral or group of minerals in their place. II 

, 

The two dominant textures of the Shamrocke ore are, irregular "mutual 

boundaries" texture, and laths and parallel sulphide lamellae found within other 

mineral grains. The isolated small, sometimes microscopic, lath of ilmenite and 

molybdenite found within larger sulphides are no doubt original crystals of these 

minerals caught up in the crystallising solutions of the other p-tinerals. The parallel 

lamellae of cubanite in the (111) di rection of chal copyrite indicates the ex-

sol ution from a sol id sol ution of chal copyrite and cuban ite. According'to Edwards 

(1947), "mutual boundaries" can be the result of the unmixing of solid /solution, 

a very high concentration of the solute mineral also resulting in this segregation, 

simultaneous crystallisation not in solid solution, and "can as readily develop 

from replacement" .. 

In hydrothermal mineral deposlts it is generally accepted that pyrrhotite 

crystall ises ahead of chalcopyrite and cuban ite 0 I nthe Shamrocke ore, some of 

the pyrrhotite appears to have been deposited ahead of the chalcopyrite ... cubanite 

where crystals of pyrrhotite show chal copyrite and cuban ite in cracks and inter-

. stices in the pyrrhotite.. However, much of the pyrrhotite shows a "mutual boundary" 

texture with chal copyrite, cubanite and gangue; suggesting simul taneous 

crystallisation.. Isolated cases have been encountered where pyrrhotite apparently 

replaces chalcopyrite-cubanite as small blebs and stringers generally along the 

grain boundaries of the chalcopyrite-cubanite and in some instances replaces 

the laths of hornblende gangue within the chalcopyrite. Possibly overlapping 
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deposition has taken place to give a general "mutual boundary" texture 

indicating simultaneous crystallisation outside solid solution, or that solid 

sol ution has in fact taken place between pyrrhoti,te and chal copyrite and, 

120. 

with slow cool ing, unmixingto segregate grains of pyrrhotite and chalcopyrite. 

However, the presence of even limited replacement textures, and the fact 

that it would require very slow cool ing not to produce at least a few pyrrhotite 

lamellae in chalcopyrite, does not indicate solid solution and a process of 

simultaneous crystallisation for the pyrrhotite and chalcopyri'te appears more 

!Jcceptable. 
.'" 

The cubanite ex-solution lamellae in the chalcopyrite are formed by 

the unmixing on cooling of cubanite from a chalcopyrite-cubanite solid solution, 

forming an orientated ex~solution texture of parallel laths and blades in the 

(111) plane of the chal copyrite. Edwards, Wernet and Lombard have shown by 

thermal and X~ray studies that at the temperature of sol id sol ution, ~ 140
0 

C, 

the chalcopyrite exists as a "high chalcopyrite" modification, which has a 

disordered structure, and that on cool ing, it reverts to the ordered "low chal­

copyrite" form 0 The reversion to order, causing the precipitation of all atoms 

present in excess of the simple rational proportions of chalcopyrite as blades of 

cubanite or chalco-pyrrhotite. ' CUbanite is found, in addition to parallel laths 

within the chal copyrite, with a "mutual boundaries" texture with chalcopyrite. 

This "mutual boundaries" texture :is no doubt also the resul t of ex~solution from , 

a sol id sol ution of chal copyrite and cubanite as described above. A t ,times, d 

sufficently slow cool ing process allows the ,complete unmixing and searegation 

of minerals precipitated in solid solution. Edwards (1947) also states that "where 

the concentration of the sol ute mineral is high, such segregation results in more 

or less granular allotriomorphic texture, in which the two minerals show relatively 

regular contacts, without very decided projections of the one mineral into the other. 

It is difficul t to establ ish the posifiop in the paragenetic order for the 

pyrite and arsenopyrite. I t has been suggested that they should be placed before 

the pyrrhotite in the sequence al though textural evidence does not assist in this 

choice • However, Schwartz (19V) suggests that pyrite and arsenopy~ite normally 

crystal! ise ahead of pyrrhotite and Gil bert (1924) sta'tes: 

"In most ores, the harder minerals appear to have crystallised earl ier than the 

softer ones" • Furthermore, the pyrite and arsenopyrite appear 'to have definite 

crystal edges against the pyrrhotite which, according to Edwards (1947) make the 

pyrite and arsenopyrite older than the ' pyrrhotite. 
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The textural relationships between the gangue and the sulphide 

minerals, indicat~ that a great majority of the gangue minerals we,re in fact 

primary minerals of the original rock and that the sulphide mineralisation was 

subsequent, crystallising agc:iinst and between the original groundmass. Where this 

felspar groundmass has sulphide deposlted in cracks and interstices between grains 

and where original cal cite shows crystal edges against the sulphide, and in a few 

instances replaced by the sulphide, the crystallisation of sulphides within the 

rock fabric is indicated • The calclteis, however, also found as a secondary 

metasomatic variety which crystal I ised from hydrothermal solutions and gases along 

with the sulphides. '~ 

From these observations, itisassllmed that the paragenetic order cannot 

have been much different to that suggested below, from oldest to youngest: 

ilmenite 
mol ybden He 
arsenopyrite 
pyrite 
pyrrhotite 
chal copyrite/ cuban ite 
specular haematite 
minor minerals 

To sum up then , it appears that., among the main ore mineral constituents 

some pyrrhotite was the first to crystallise, being closely followed by arsenopyr~te,pyrite 

and the ex-solution of chalcopyrite and cubanite. Some overlapping of 

deposition is suggested with some late crystallisation of pyrrhotite repliacing 

cha I copyrite/ cuban ite. 

TEMPERA TURE OF DEPOSITION 

AI though not sufficient is known of the Shamrocke ore minerals to discuss 

the temperature of deposition with any certaihty, the following discussion is 

pertinent. 

Edwards (1947) states that temperature determinations are based on the 

temperature at which some change of form takes place, such as melting, re­

crystal! isation, inversion, sol id sol ution, etc. According to Edwards (1947) 
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the presence of pyrrhotite in abundance is evidence that deposition began 

at approximately 600
0

C and that the mineral molybdenite is deposited above 

500
0 

C. Schwartz (1927) experimentally proved the temperature above which 

the cubanite-chalcopyrite solid solution is homogenou~was 450
0

C. and he 

concl uded that the ore deposits in whi chthis intergrowth is found were formed 
o 

above 450 C. 

We can therefore reasonably assume that the temperature of deposition 

of the ore was definitely above 500
0

C. and probably above 600
0

C. 
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B6 PETROLOGY 

CHEMICAL DATA 

Sill CA TE ANALYSES 

Three full sil icate analyses were carried out by 

wet methods 0 

The rocks ana I ysed were: 

- a fine-grained pink biotite granul ite with a 
-.... 

minimum of ferromagnesian and sulphide minerals, 

typical of the ore zone from the Adit drive. 

- a coarse porphyroblastic felspar-amph ibole rock 

from the contact of the ore zone wi th the schist from 

the Adi t drive 0 

- a typical medium-grained plagioclase amph ibol ite 

(meta-diabase) from Borehole 27 at 2050 feet. ·. 

Ana I ytj ca I Procedure 

Pulverisation of the Ro(:k 

The rock specimen was pulverised in a hardened steel mor'tar 

specially designed to offset the possibility of loss of material during 
. . 

crush ing. The pulverised rock was passed through a 1 OO-m~d~ieve. 

Fusion 

123. 

Exactly one gram of the rock powder was sampled on careful 

mixing and quartering and fused wi th 5 grams of sodium carbonate 0 The 

fused cake was thoroughly washed and dissolved in 20 cc. of concentrated 

hydrochloric acid 0 

Analysis 

The analyses were undertaken following the method as described 

in the IIManual of the Chemical Analysis of Rocks" by Henry S. 

Washington, 1919. 
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The Results of the Analyses 

I. Biotite Granulite - Analyst D.l. Kyle 1961 

Norm 

Si0
2 

67870 

AI
2

0
3 

18.70 Q 18.42 ) 

Fe
2

0
3 

0.25 or 18.15 ) 
) Sal ic 85.66% 

FeO 1 .45 ab 46 .01 ) 

MgO 2.19 
) 

an 2 g 78 ) 
.'" 

MnO Trace 

CaO 0.56 hyp 7.88 ) 
Na

2
0 5.45 

mt 0 "46 ) 
K

2
0 3.08 

. ') 

cor 5 • 30 ) F · 1 4 11 o/c 
Ti02 0.22 ) emlc . 0 

ap 0.36 J 
P205 0.12 

i I 0.45 ) 
H 0+ Oc26 

2 , H
2

O 0.26 
CO

2 
+ H

2
S 0.18 

H 0 ... Nil 
2 

100.07 
99.96 

~~ 

.,: ... ~ 
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2 .. . Porphyroblastic Felspar - Amphibole Rock,.. Anqlyst R. Jacob 1961 

Si0
2 

62.09 

AI
2

0
3 

12005 

Fe
2

0
3 

0.24 
Norm 

FeO 5.62 
3 .66 ) Q 

CaO 6003 ) '~ 

or 2.22.) MgO 5.20 
ab 57.64 Sal ic 65.71 % 

MrO Trace 
1 .39· ) an 

Na
2

0 6.76 

K
2

0 . 0 .. 39 
hyp 11 .09) 

) H
2

0 + 0.22 
diop 20.62 ) 

H ° - Nil 
mt 0.23 ) Femic 34.56% 2 

) Ti02 0 .. 95 
i I 1 .98 ) 

P
2

0
5 

0.14 
ap 0.34 ) 

CO
2 

+ H
2

S 0~35 
H

2
O 0.22 

~ 00004 
100 .. 27 

The granul ite and felspar-amphibole rocks of the Shamrocke Mine 

have an unusual mineral assemblage; with I ittle quartz and predominbnt 

plagioclase. An extensive I iterature search has failed to find any rocks of an 

identic(QJ1 nature, and, therefore, the following chemical analyses are recorded 

to afford some comparison of the granul ite and porphyroblastic felspar-amph ibole 

rocks of the Shamrocke Mine with other rocks of similar mineral composition. 
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Some Analyses of Calc~Silicate . Rocks 

Shamrocke Shamrocke 
2 A B 3 Granulite Felspar-Amphi-

bole Rocks. 

Si0
2 

62$73 62055 59.25 71.87 73.51 67.70 62.09 

AI
2

0
3 

16$69 15.75 13.30 12.75 12.21' 18.70 12.05 

Fe
2

0
3 

0.42 1 .56 0.84 0.29 0.44 0.25 0.24 

FeO 3.02 3.26 4.71 4.25 2.05 1.45 5.62 . 
MgO 1.09 2.88 4.20 1.07 0.59 2.19 '''' 6.03 

CaO 8.86 9.39 11.37 7.08 9. 52 0.56 5.20 

Na
2

0 2.88 0.93 1 .73 0.33 0.21 5.45 6.67 

K 0 
2 

0.90 1.54 2.42 0.06 0.05 3.08 0.39 

H
2

0 + 0.94 0.64 0.73 0.55 0.27 0.26 0.22 

H 0-
2 

0.10 0.15 0.09 0.05 0.06 Nil 

Ti02 0.67 0.79 0.75 1.31 0.54 0.22 0.95 

P
2

0
5 

0.31 ' 0.30 0.18 0.05 0.11 0.12 0.14 

MnO 0.29 0.28 0.08 0.43 0.44 Tr Tr 

CO2 0.98 Tr 0.13 n.d. 0.06 o .18(+H
2

S) 0.35 

Rest 0.09 0.14 0.02 

Total 99.90 100. 11 99 .. 92 1 00. 1 0 100.08 99.96 100/ • .'04 

1 • Calc- zoislte-biotite-garnet granul ite; (cal c-silicate band) in Upper 

Striped Group of Moine Series, Shore, N.E. side of Mallaig Harbour, 

I nvernessh ire. C. 0. Ha rvey, a na I yst • Average ana I ys is of twen ty 

individual bandso Quoted from W.Q. Kennedy, The Geological 

Magazine, Vol. )Q(XVI, Jan-Dec .. 1949, p.47. 

2. Zoisite-hornblende granul ite in Moine Series, 3/4-ml. S. W. of Glen 

Calvie Lodge, Rosshire~ W. Pollard, analyst, quoted from the "Geology 

of Ben Wyvis, etc." (Sheet 93), Mem. Geolo Survey, 1912, p.45. 

A. Calc-silicate gneiss, Almaaskroken, Norway. A.Roer, analyst. Quoted from 

V.M. Goldschmidt, "Die Kalksilikatgneise und Kalksilikatglimmerschiefer des 

Trondhjem-Gebiets", Vidensk. Skr., Mat - NaturvoKlasse, 1915,No. 10, 

p .15. 

~ 
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Lime ... silicate schist (hornblende-anorthite-garnet), Dutchess County, 

New York. E • Kluver, analyst 0 Quoted from T. Barth, Structural and 

Petrological Studies in Dutchess County, New York II. Petrology and 

Metamorphism of the Palaezoic Rocks". Bul. Geol. Soc 0 Am. Vol 047, 

1 936, p 081 3 .. 

Pyroxene~northite granul Hes; calc-sil icate band in Moine Series, 

Moidart district, 100 yards S. 20
0

Wof Dalilea Mica Prospect and 1,630 

yards E. 10
0

S of General Ross's Cairn. G.A. Sergeant, analyst. Quoted 

from W.Q .. Kennedy, The Geological Magazine, Vol. XXXVI '; Jan-Deco 

1949, p.47. 

In comparing the analyses as recorded above, the foil 'owing comment 

is perhaps pertinen t : 

0) The higher silica percentage of the granulite compared with the felspar­

amphibole rock, is due to the higher salic mineral content, i.e. more 

plagioclase. 

(ii) The magnesium content of the felspar"'<lmphibole rock is higher than in the 

granul ites due to the larger component of ferrous or ferromagnesian 

minerals. The ferrous iron content is also higher for this reason. 

(iii) The calcium content of thefelspar~amphibole rock is tenfold greaterthci'n 

the granul ites, where it appears that the granul ites have had t?e cal ci'um 
; 

extracted during metasomatism, giving rise to the abundant ca'i cite veining 

and irregular bodies of calcite throughout the ore zone, often associated with 

the mineralisation .. This is sympathetic with the apparent albitisation of 

the plagioclase by cal cium extraction. 

(Iv) The higher potassium content of the granul ites is no doubt due to the 

abundance of biotite. 
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3. Plagioclase Amphibol ite - Analyst: N. Wainwright 1961 

Si0
2 

46.14 

AI
2

0
3 

]5.23 

Fe
2

0
3 

2.15 

FeO 14.37 

MgO 5.50 

CoO 9.26 

MnO 

Na
2

0 1 .93 ' \. 

K
2

0 0.95 

H
2

0 + 0.58 

H 0-
2 

Ti02 4.04 

P
2

0
5 

0.62 

100.77 

As the above analysis was considered suspect the following checks 

were carried out: 

The composition of plagioclase An30 was calculated as follows: , 

Si0
2 

61 .05% 

AI
2

0
3 

24.66% 

Na
2

0 8.26% 

CoO 6.03% 

128. 

using the modal analysis of the plagioclase amphibolite which indicated 28.9% 

plagioclase, 46 09% hornblende, 15.5% biotite and 8.7% iron ore; the percentage 

silica and alumina of the rock was calculated as follows: 

% Silica 

Felspar 17.04% 

Hornblende 22.09% 

Biotite 5.89% 

45.62% 

%A i
2

0
3 

Felspar 

Hornblende 

Biotite 

7.2% 

4.0% 

3.05% 

.14 .25% 

.•. 
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The fair agreement of these two computed val ues with the analysis 

goes some way to validating the analysis result for Si0
2 

and A1
2

0
3

• 

1 29. 

The K
2

0 and Na
2

0 were re-determined using flame photometer methods 

and as the original results were obviously incorrect, the new values were incorporated 

in the analysis resulL 

The following are some analyses of plagioclase amphibolites from Scotland, 

compared with a quartz dolerite, a diabase and the present analysis: 

2 3 4 5 
'-,. 

Si0
2 

51 .. 25- 49.57 49.85 48.50 46.14 

AI
2

0
3 13.57 13.57 16.90 16.17 15.23 

Fe
2

0
3 

1.75 2.47 1 .74 4.65 2.15 

FeO 13.72 12.78 11 • 16 11 .38 14.37 

MgO 3.] 1 4.26 3.93 4.24 5.50 

CaO 8.10 8.51 8.72 7.28 9.26 

Na
2

0 1 .94 2.44 3.45 3.07 1.93 

K
2

0 1 .. 20 1 .42 0.31 1 .. 67 0.95 

H 0+ 
2 

0.70 0.55 1 .. 00 1 .. 94 0.58 

H 0-
2 

0 .. 10 0.22 

Ti02 3.50 2.13 2.32 0.80 4.04 

P205 0 .. 63 1 .. 23 0.27 0.67 0.62 

CO
2 

0.10 

S tr 

MnO 0.35 0.50 0.30 tr. 

Remainder 0.24 

99.92 99.69 99.95 100.37 100.77 

1. , Garnet - Biotite - Diorozoisite - Albite - Amph ibol ite (67/4) 

0.2 mile N51°E from north of Loch-na~Craig near Achalaish, South Kuapook. 

Analyst: W.H. Herdsman. J.H.D. Wi$em~n, Q.J. of Geol. Soc., London, 1934. 

Vol. XC, part 3. 

2. Quartz Dol erite 

Bull. Geol. Sur. of Tasmania No. 43, 1912, p.49. 
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3. Biotite - Epidote - Albite - Amphibolite 

J. H. D. Wi-seman Q.J. of Geol. Soc., London, 1934, Vol. XC, part 3. 

4. -Diabase 

Lunds Unversiteit, Austria (xxxiii) (2) 1897. -p .24. 

5. The Present Analysis: Plagioclase Amphibol ite, N • Wainwright, 196]. 

These -results are sufficiently in agreement to suggest that the 

plagioclase amphibol ite was probably of igneous origin and is a metam~rphic 

product of a diabase or dolerite. 

130. 

No quantitative analysis was carried out on the hornblende of the 

Shamrocke rocks. However, as the plag ioclase amph ibol ite of the Shamrocke area 

appears to have a composition similar to the rocks as detailed above, it may -be 

pertinent to quote an analysis of hornblende from Specimen 1 above. 

Hornblende 

Si02 

AI
2
0

3 
Ti02 

F~203 
MgO 

FeO 

MnO 

Na
2

0 

CaO 

K
2

0 

H
2

0 + 

H 0-
2 

47.35 

8.47 

0.70 

2.83 

8.83 

17.16 

0.25 

0.65 

10.16 

1.34 

- 2.05 

99.79 

Note: The amount of Hb available was insufficient for the determination of H
2
0-

0.2 mile N51
0

E from the northern end of Loch-na-Crai g, near Achalciish, South 

Kuapoak. 

Analyst: Maima Jahlkom. 

J.D.H. Wiseman, Q.J. of Geol. Soc., London, 1934, Vol.XC, part 3. 
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SPECTROGRAPHIC ANALYSIS 

The on I y spectrograph ic scan of the Shamrocke ore was kindl y 

undertaken by the then Rhodesian Selection Trust Laboratories at Mangula Mine 

131 • 

in 1960. Only four analyses were done on ore containing at~nopyrite, to c,heck 

for possible gold content. 

,Semi-quantitative scan of the 4 samples 1,2,3 and 4 of granul ite with 

arsenopyrite. 

., 

Ta Cd 
Au W Pt "· 

Sample Cu · Pb Zn V Co Ni Sn Mo Ag ' Li Ge N b Be Sb Mn Cr 

50 5 30 5 800 100 5 30 2 -------- 500 100 

2 800 2 - - 200 80 - -------- 500 100 

3 200 2 TO 30 1 000 800 15 15 --~- ----- 500 1 00 

4 10000 2 2000, - 30 30 - 4.5 - -------- 500 

As Bi 

1 50000 5 

2 50000 
Values are in parts per million. Dash 

3 50000 
indicates not detected. 

4 1000 5 

An interesting feature is the sympathetic increase in the zinc value 

with the high copper value in Sample 4 and the antipathetic cobal t-to-copper 

value in all four samples. Although the evidence of one sample is not significant, 

if would appear that arsenic is low with high copper content which agrees with 

the very small proportion of arsenopyrite visible~ in the pol ished sections of the 

copper ore. 
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METAMORPHISM AND PETROGENESIS 

The Regional metamorphic setting of the area is discussed in Section A above. 

The metamorphism of the rocks in the ' immediate vicinity of the Shamrocke 

Mine is discussed briefly below relative to classification within the facies principle 

and as an indi cator of met amorphi c processes. 

Facies Classifi cation 

WinkleT' (1-967) 'adequately summarised the previous work by various workers 

in their- attempt to: classify" metamorphism and 'metamorphic products. He particularly 

compares the metomoTphic facies 'seriesas referred to by Barrow (1893 and 1912), 

Turner, Fyfe and Verhoogen (1958), Turner and Verhoogen (1960) and M}ashiro (1961). 

The rocks of the ' Shamrocke Mine appear to fall directly into the Almandine 

Amphibolite facies of Regional Metamorphism of . Turner, Fyfe and Verhoogen (1958) 

and Turner and Verhoogen (1960) . These authors state that in the Almandine 

Amphibolite facies, derivatives of basic igneous rock consist essentially of hornblende 

and calcium-bearing plagioclase, with or without epidote; contrasted with the 

assemblage albite-epidote-amphibolite or rocks of lower metamorphic grade 

(Greenschist facies). The former assemblage is that of the plagioclase 'amphibolite 

of the Shamrocke area, which in addition occasionally contains 'almandine garnet. 

As discussed below the relationship plagioclase-epidote is critical. In the Shamrocke ·Mine 

the plagioclase is oligioclase-andesine (except in the ore zone granulite which 

comprise plagioclase as sodic as An04 due to albitisation by carbonatemet~.;somatism) . 

Epidote is not abundant and the grade of-metamorphi'smappears to be higher than 

the Quartz-AlhHe-Epidote-Biotite subfacies of the Greenschist facies (Turner, Fyfe 

a nd Verhoogen ' 1958). The abundance of almandine and staurolite, and the absence 

o f cordieriteand'anciolosite, distinguished the Almandine Amphibolite facies of the schist 

from the Hornblende .... Hornfels facies of-contact metamorphism. 

The 'Shamrocke rocks can be further classified into the Staurolite-A Imandine . 

subfacies of Turn'er 'and Verhoogen (1960) or the Staurolite-Quartz subfacies of Turner, 

and Verhoogen (1960) . 

Figure 21 is the ACF diagram for rocks in the Almandine-Amphibolite facies, 

Staurolite-Almandine subfacies (after Turner and Verhoogen 1960), with the shaded 

area., the position within the subfacies occupied by the Shamrocke rocks. Derivatives 
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of pelitic rocks in this facies and subfacies have staurolite, almandine and (rarely) 

kyanite in association with micas, but do not contain potash felspar. The 

Shamrocke rocks do not contain orthoclase, nor do they contain kyanite, probably 

due to their higher al kal i content. 

Staurolite is generally present in rocks of high alumina and iron content, 

and which are deficient in potash. The geochemistry of the Shamrocke rocks 

supporfsthesecondi"tions and staurolite is occasionally found in the hangingwall schist. 

AI mandine and staurolite are not ubiquitous through the rocks of the Mine, with 

th.e assemblage hornblende-plagioclase predominant. The typical assemblage of the 
..... 

originally pelitic rocks, now schist and phyllites, is quartz-plagioclase-almandine-

biotite (cf. Figure 21). Muscovite is conspicuous by its absence. 

Quartzo-felspathic rocks of the Almandine Amphibolite facies generall.y 

contain the assemblage quartz-microcline-plagioclase-biotite (Turner and Verhoogen 

1960). The Shamrocke granulite however contains amphibole, but not microcline. 

Amphibole and calcite are found due to the calcareous nature of the original grit. 

The rocks of the mine are furthermore rich in magnesia and contain cummingtonite 

and anthophyllite, with a common assemblage cummingtonite - (or anthophyllite, 

but never both) - hornblende-plagioclase-almandine, thus satisfying the ACF diagram 

Figure 21 • 

Turner and Ve'rhoogen (1960) conclude from experimental observqtions ,that 

the Almandine-Amphibolite facies covers a temperature range of 5500Cto 7500~, 

with pressures normally between 4, 000 and 8, 000 bars. These conditio,ns could 

easily have occurred during the Lomagundi orogen\>, during complex folding and 

subsequent deep buri al • 

The Relationship Epid.?te-Plagioclase 

Many workers have recognised that the anorthite content of the plagioclase 

of metamorphic rocks increases with increasing metamorphic grade. Ramberg 

(1952) explains that calcium is an element common to many minerals, whereas 

sodium is generally only found in the albite molecule of plagioclase. Interaction 

between the calcium of various minerals with the plagioclase, with increasing 

temperature, increases the anorthite percentage. 

The interaction between plagioclase and epidote is important for classification 

purposes, and also at times as a geological thermometer. Mason (1958) gives an 
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oversimplified reaction where zoisite (epidote) is converted to anorthite. He 

observed,that as the degree of metamorphism increases, the plagioclase becomes 

more calcic and the amount of zoisite (epidote) decreases. 

The rocks of the Shamrocke Mine contain little or no epidote near 
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the orebody. The plagioclase amphibolite does at times contain epidote well into 

the hangingwa", but this is not generally the case. Southwards from the Mine 

epidote occurs more frequently in the plagioclase amphibol ite, for example exposures 

in the Angwa River (Plate 10). 

With the rocks of the ShamrockeMine falling into the lower part of the 

Almandine-Amphibolite facies, temperatures of the order of 550
0 

to 600°C, the 

lack of epidote can be explained when the anorthite content of the plagioclase is 

plotted relative to the equilibrium diagram of epidote and plagioclase after Bath 

(195l, p .285). (Figure 22). Considering the average composition of the plagio­

clase of the schist and plagioclase amphibol ite as ranging between An
25 

and An
35

, 

and when plotted on thediagram (Figure 22) it appears that epidote can only occur 

with plagioclase of this composition range when the temperature drops below 400°C. 

The Relationship Staurolite-Kyanite 

The rocks in close proximity to the Mine do not contain kyanite, whereas 

staurolite is found in the hangingwa" schist. The absence of kyanite indicates that 

the rocks are of lower grade than the Kyanite-Almandine-Muscovite subfacies of! 

Turner and Verhoogen (1960), and the Staurolite-Gornet sub-zone used by Workman 

(1966) as described earlier. Kyanite is, however, found in schist in the Angwa River 

well south of the Mine and is found in the river gravels of the Angwa at the 

Shamrocke Mine. 

Winkler (1967) quotes Hoschek (1967) who states that staurolite is most 

commonly formed by the reaction chlorite + muscovite = staurolite + biotite + quartz 

+ H
2

0 and that this reaction has been realised experimentally with the equilibrium 
+ 0 + 0 

curve at between 540 - 15 C/4,000 bars and 560 - 15 C/7,000 bars water pressure. 

Ramberg (1952) suggests that staurolite may originate by the reaction garnet-a + 

kyanite = staurolite + garnet-b, where garnet-a is richer in Fe than garnet-b. This 

may therefore suggest some degree of retrogression in the degree of metamorphism in 

the schist. 

The narrow elongate white-grey porphyroblasts in hand specimens of the 

schist and phyllite of the hangingwa" and footwall comprise microscopic granular' 
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quartz and felspar. These porphyroblasts are either segregations of quartz and 

felspar or are pseudomorphs after a metamorphic mineral such as staurolite, kyanite 

or andalusite. Andalusite is found in the Angwa River gravels, sometimes as 

well formed ch iastol i te crosses. 

The Cummingtonite-Anthophyllite Relationship 

Layton and Philips (1960) examined the available chemical analyses 

of cummingtonite and anthophyll ite and concl uded that t'he two series are not iso-
" 

dimorphous. They consider anthophyllite as a truly lime-free amphibole, while a 

small amount of calcium is necessary to stabilise the monoclinic lattice of lime­

poor cumm ington ite. 

These minerals are normally found in rocks that are rich in magnesia 

and, although the carbonate of the ore zone appears to be almost entirely calcite 

with very little dolomite, the rocks have a fair degree of MgO (between 2.5% and 5°k). 

The two minerals were not found occurring together in anyone th in section. 
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EXPLANATION OF PLATE 23. 

A. 

M(Jssive sulphide ore (pyrrhotite, chalcopyrite, cubanite) 
with green bladed hydrothermal hornblende from Main 

Adit Drive. 

Bo 

,~CS ~ 

Typical coarse crystalline calcite ore - containing associated 
massive sulphide. 
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PLATE 24. 

Ao 

East sidewall, No. 6 cross -cut south, showi ng the type of 
reaction banding in the granul ites about cal cite veining. 
The banding is probably caused by the carbonate metasomatism 
- overlay details this banding .. 

co 
p.g. 
d.b.g. 

== Coarse white crystalline calcite 
= pink granul ite 
= dark biotite granulite. 

B. 

Again showing reaction banding about highly mineral ised 
calcite "blow.Hl the granulite bands becoming progressively 
darker away from the cal cite. 
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PLATE 24. 

~,q.tr );.I'-'MJ ''X.ck. ,sDUr~. 

East sidewall, No.6 cross-cut south, showing the type of 
reaction banding in the granulites about calcite veining . 
The banding is probably caused by the carbo nate metasomatism 

overlay details this banding. 

ca 
p.g. 
d.b.g. 

= coarse white crystalline calcite 
= pink granulite 
= dark biotite granul ite. 

B. 

Again showing reaction banding about highly mineral ised 
calcite "blow", the granulite bands becoming progressively 
darker away from the calcite. 



PLA TE 25 

Aft 

\~s (,\ 

Face of Main Adit Drive - highly mineral ised coarse whif'e 
calcite "blow" with massive sulphide and pink biotite 

granul ite. 

B .. 

Face of Main Adit Drive - again showing mineral ised ca l cHe 
with dark-pink granul ite. 

'f. 
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EXPLANATION OF PLATE 26 

A. Calcareous grit from well west of the ore body 0 Again, note similarity 

in appearance in thin section to B below. 'Cal cite (Ca) and plagioclase (P). 

Crossed Nicols X 100. 

B. Calcareous granulite showing close similarity in appearance in thin 

section to A above. Calcite (Ca) and plagioclase (P). 

Crossed Nicols X 100. 
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METASOMATISM 

Metasomatism has been defined by many authors. In this study 

metasomatism as is described by Goldschmidt (1922, pp 105-123) is accepted i. e. 

metamorphism involving the introduction and removal of certain substances, with 

corresponding change, not only in the mineralogy, but in the chemical composition 

of the rocks affected 0 

Turner and Verhoogen (1960) state "Metasomatism of silicate rocks is 
."" 

effected by reaction between the constituent minerals and chemically active 

solutions or gases streaming through the rock pores under the influence of a pressu're 

gradient" • 

The metasomatic action in the Shamrocke ore zone could certainly 

have involved a similar process as that described above, where metamorphism, 

parHcularly the effects of pressure and heat from folding, caused carbonate rocks 

to be affected 0 U'nder this met~morphism these carbonate rocks possibly caused 

an abundance of carbon dioxide and sulphide in solution to migrate into the 

granu! He zone from without (probably from below); or was reworked and relocated 

entirel y with in the ore zone 0 

This carbonate metasomatism apparently caused the albitisatic)n of the 

plagioclase in the ore zone, where calcium was extracted from the pla~ioclase:hy 

the metasomatising solutions. Calcite and sulphide (with "Hydrothermol" amphibole) 

repl aced the granul ite to a greater and I esser extent. The metasomatism of the ore 

zone is discussed at length when describing the possible genesis of the orebody 

(Section B. 7). 

Very many ore deposits represent the metasomat i c replacement of 

the rock by the mineralising agents, where there is little, if any, change in volume, 

but where the chemical composition and minc:!ralogy is altered to a lesser or greater 

degree. The solutions and gases responsible for this metasomatism are either from 

some extraneous source e.g. a granitic or basic intrusion, or are mobilised from the 

surrounding rocks (usually sediments), or from within the ore horizon itself. The 

metasomatising fluids and gases are thought by the present writer to originate 

from the rocks in the vicinity of, or including the Shamrocke Mine, mobilised by 

the metamorphic effects duri ng deformation. 
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PETROGENES ~S 

The petrogenesis of the rocks of the Shamrocke area is perhaps a little 

obscure without a great deal more chemi cal work . However, in the I ight of the 

mineralogi cal study the folloWing suggestions can be made. 

In the vicinity of the Mine itself: 

(i) The ore zone granulite (or granofels, or felspar-biot-ite rock) 

is probably metasomatised felspathic calcareous grits. The 

granulite has an almost identical composition and a similar texture, 

al though more compact and recrystall ised, to the felspathi c 

calcareous grit which appears to be its extension to the west. 

There is however a possibility that these granulites are in fact 

metamorphosed acid tuffs from vol cani c activity along the edge of 

the Lomagundibasin •. This latter suggestion is prompted by 

, its appearance in borehole cores, its chemical and mineralogical 

composition, and its proximity to the edge of the Lomagundi 

depository . 

(ii) The graphitic schist and phyllite is probably a metamorphosed 

original calcareous mudstone or marl. 

(iii) Some amphibole schists of the hangingwall, although generally 

accorded sedimentary origin, have sometimes the appearance of a 

metamorphosed rhyolite or impure tuff. Insufficient chemical 

work has been done to assist in the recognition of the origin 

of these rocks. 

(iv) The plagioclase amphibolite is undoubtedly metamorphosed 

original diabasic material. 

~ 
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B.7 THE SHAMROCK OREBODY 

Mode of Occurrence of Orebody 

The Shamrocke orebody occurs in granul ite and cal careous 

granulite within graphitic schist and phyllite of the Dolomite Series. It is thought 

that the granulite is a calcareous grit which has been altered by calcite 

metasomatism. The mineral isation occurs as dissemination; of predominantl y 

chalcopyrite and pyrrhotite within the granulite, and in places as massive chalcopyrite 

a~d pyrrhotite which is present mainly in pure white calcite "blows" within the 
-"" 

granul He. There is a close association betweeh the mineral isation and metasomati c 

amphibole. The granul ites dip at 600 to the south and there appears to be tight 

folding and plunging which limits the orebody on surface in the east. The sulphide 

mineral isation is best developed in the more cal careous portions of the body. 

The granulite is essentially a granulose albite-biotite rock, often 

amphibolised. Associated with the granulites are:-

1 . Lenticular bands of porphyroblastic felspar-amphibole rock 

often at the granul ite/schist contact and consisti ng of 

hornblende, 01 igoclase-andesine plagioclase and minor 

amount of quortz. 

2. Bands and lenses of coarsely crystalline white calcite, 

often amphibol ised. 

; 

The beds have been fairly strongly metamorphosed and, whilst 

typical grade minerals are absent, staurolite is present some 500 feet above the 

granul ite, thus suggesting a moderate grade of metamorphism (upper amphibol ite 

facies). Evidence of tight folding is present, but has been obliterated by the 

metamorphism. 

The Composition of the Ore Zone 

The rocks of the Shamrocke ore zone comprise largely a granulose 

albite-oligoclase biotite rock, conveniently termed a granulite. Other rock types 

included in the zone are a porphyrchlastic felspar-amphibole rock; some fine graphitic 

schist and phyllite; coarse-grained calcite as veins, stringers and blows; and a dark 
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calcareous amphibolite which appears to be the result of the assimilation of the 

calcareous ore zone by an intrusive rock. The detailed petrography of these 

rocks of the Shamrocke ore zone has been described previously. 

Where trenched at surface the weathered ore zone shows the different 

rock types discernible, and this correlates well with the underground workings 

immediately below 0 Due to metamorphic effects and the random distribution of 

calcite through the ore zone, this zone is not a simple sequence of rocks, but 

different rock types, in places grading one into the other. 

'" 
The relaf'ive proportions of the different rock types making up the 

ore zone are regularly granulite 70%, porphyroblastic felspar-amphibole rock 

5 -100/0, included graphitic schist and phyllite 10-15% and calcite 10-15%. 

The relative association of rock types is both complex and irregular. 

The granulite is generally a fine-grained biotite granulite, in places rather schistose. 

Porphyroblasti c felspar-amphibole rock is very often prevalent at the contact between 

the granulites and the hanging and footwall schists. Near surface in the underground 

workings the porphyroblastic felspar-amphibole rock occurs generally at the 

footwall contact (often attaining a thickness of 40 feet) and occurs as bands, of 

from less than a foot to 25 feet in width throughout the ore zone. 

Thegranul ites vary from a dense sheared schistose granulite, through 

a fine-grained pinkish biotite granulite, to a I ight -grey granul ite 0 Occasi9hally 

where more schistose and highly graphitic, the granulite appears similar to 'the 

graphitic phyllites of the hanging and footwall. 

Dark fine-grained graphitic schist and phyllite occur irregularly 

throughout the zone. Generally these schists and phyllites resemble those of the 

hanging and footwall, but occasionally become dark and actinolitic. These 

graphitic schists very often contain coarse chalcopyrite. 

The calcite of the orebody is generally a coarse-grained white , 

crystalline equigranular calcite with scattered coarse chalcopyrite and pyrrhotite .. 

In places this calcite is barren of sulphides, but very often massJve pyrrhotite and 

chalcopyrite is closely associated with the masses of green bladed IIhydrothermal li 

hornblende. In the underground workings the cal cite occurs as both large some -what 
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irregular bodies (generally lenticular) and bands and veinlets from 10 feet across down 

to a few inches. In the main adit drive some 80 feet past the winze intersection, 

a calcite body 70 feet long and some 10 feet wide occurs. These calcite veinlets, 

bands and irregular bodies occur scattered throughout the ore zone and QO not 

adhere to any particular level. 

In a number of boreholes the ore zone appears to be spl it into an upper 

zone and a lower zone by a medium-grained biotite-rich calcareous plagioclase 

amphibolite, which in appearance is similar to the dark schistose biotite granulite 

but has an abundance of amphibole. This rock has been termed the II Internal Zone ll 

and it is difficult to ascertain whether this is a highly calcified and amphibolised 

phyllite in the core of a tightly folded sequence or whether it is in fact an 

intrusive amphiboli te assimilating the highly calcareous and felspathic granulite. 

In places coarse chalcopyrite and pyrrhotite is scattered within the first few feet 

of the contact. It is pertinent to note that this zone has within it narrow bands 

of fine-grained plagioclase amphibolite, obviously of later intrusive origin. 

Mineralisation of the Orebody 

Underground development has shown that mineral isation is best d,eveloped 

in the more calcareous portions of the body and is particularly associated with 

calcite, which occurs both as large irregular equigranular bodies, up 'to 20 feet 

wide, and as thin stringers. This calcite can be accepted as representing the 

remobil isation and metasomatism of original carbonate in the rock, once a 

cal careous felspathi c grit, and its redistribution and accumulation into stringers 

and bodies which typify its occurrence. In areas of minor dragfolding it appea~ to 

have been squeezed into the crests of the folds. The mineralogical evidence for 

this remobilisation and metasomatism is strong, an important aspect being the 

relative decrease in anorthite (and therefore "Ca content of the plagioclase) with 

proximity to calcite bodies and veins. In the immedite vic'inity of the calcite, 

particulary surrounding the larger bodies, distinct bands of hard, pink, very albitic 

granu'lite form, with general increase in anorthite content outwards; thus suggesting 

extraction of calcium from the plagioclase of the original calcareous felspathic 
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grit into the cal cite bodies. 

The calcite and sulphide mineralisation are very closely associated. 

The inter-relationship between occurrences of calcite and copper values can be 

seen when a value plan is superimposed on a geological log plan. Within these 

calcite bodies the sulphide minerals are both coarsely scattered and in stringers, 

generally close1y associated with a green II hydrothermal II hornblende. The sulphide 

mineralisation apparently followed closely on the crystallisation of the calcite, the 

larger bodies having generally a barren core but being highly mineralised along the 

amphibolised contacts and being often transgressed by highly mineralis'ed amphibole 

stringers. Where coarse crystalline sulphide occurs scattered throughout the calcite 

unaccompanied by green hornblende the crystall isation must have been simultaneous. 

Mineral isation also occurs fi nely disseminated within the granul ite, both in the 

vicinity of the calcite bodies and widely separated from these. This 

disseminated sulphide is often associated with scattered fine calcite, presumably 

having permeated through the granulite along with the mineral ising solutions, 

either from carbon~te solution introduced from without the orebody or more likely 

odginal carbonate of the grovndmass having been mobilised and redistributed by 

metasomati c action along with the sui phide. Another type of mineral isation occurs 

in definHe stringer form both in the granulite and the schists, running mainly 

parallel to the schistosity but often in crosscut veins. Most minor fissures and 

fracture planes are mineral ised. All these features of mineralisation strongly 

suggest a hyp othermal-metasomatic deposit. Local isation of this mineral isation 

is undoubtedly influenced by structure. 

A study of the ore shows a relatively simple suite of sulphide minerals with 

simple textural relationships. The three main sulphide minerals present are 

chalcopyrite, pyrrhotite and cubanite, with subordinate specular ha"ematite, pyrite, 

arsenopyrite, ilmenite and molybdenite. The textural inter-relationships of these 

mi nerals suggest the initial crystallisation of ~he pyrrhotite, with repl acement by . 
chalcopyrite, and subsequent t~mperature elevation and cooling to produce the 

chal copyrite ""Pyrrhotite i ntergrowth, cubanite; ,whi ch occurs as both broad and 

narrow lamellae within the chalcopyrite and as larger irregular masses at times 

representing the dominant form of copper mineral isation. 
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Spectrographic semi-quantitative analysis of the arsenopyrite showed 

up to 0.1% cobalt and 0.8% nickel and no trace of gold. 

The chalcopyrite of the deposit occurs as massive crystalline mosses 

associated with the cal cite lib lows ", disseminated throughout the granul ite with 

varying crystal size, and in calcite stringers within the granulite. 

The grade of copper in the deposit is not discussed here as this is 

obviously information classified within those exploration groups who have investigated 

the deposit. 
' '<. 

During the calcium metasomatism the effect of the streaming of the 

calcium-rich solutions has resulted in distinot "blow" development of pure white 

calcite and narrow zones of calcite within the ore-zone granulites. The metasomatic 

effect on the original host rock was to produce at places a reaction bandi ng within 

the granulites, manifested by a banded development of gr(Jnulite varying in colour 

and more specifically the composition of the felspars. As discussed above the 

felspar of the granulite is distinctly albitic in the vicinity of the calcite bodies, 

becoming progressively more caldc in composition away from the calcite. Furthermore, 

the plagioclase felspar of the ore zone shows I ittle or no zoning and shows a 

composition of An4 - An15 . This albitisation of the felspar of the ore zone 

is no doubt due to the extraction of cal cium from the felspar during the cal c,ium 

metasomatism within the ore zone. This extraction of the cal cium from the felsP9f" 

has reached a stage where the whole plagioclase crystal shows a similar composition 

throughout, while adjacent to, and away from the ore zone, this extrciction has 

only been partial, causing zoning in the plagioclase where a calcic core is 

surrounded by a more acid margin. Examples of this reaction banding within the 

granulite about the calcite can be seen in Plates 14 and 15. 

Diff, culty of Correlation 

Intersections of the orebody by surface dri II ing, prospect mining and 

underground drilling were all logged geologically. From the underground logging 

it can be seen that correlation of beds over distances of 50 feet is anythi ng but 

clearcut and it becomes apparent that, with differing local conditions of metamorphism, 
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the various rock types may grade one into the other. Underground, it becomes 

apparent ,that:= 

AnthophylI ite-bearing schist grades into anthophyllite granulite. 

Porphyroblastic felspar-amphibole rock grades into highly 

amphibol ised schists. 

Differing types of granulite are capable of rapid interchange. 

Attempts at correlating the granul ite types by colour differences 
' ... 

proved to be unsuccessful. 

This grading of one rock type into another means that correlation 

is made extremely difficult and is further complicated by later metasomatism 

responsible for the mineral isation. When correlation is attempted between boreholes 

500 feet apart, any conclusions drawn are I iable to be very suspect. In ~he underground 

workings where cross sections of the beds are available at 50 feet intervals, correlation 

becomes more reason~ble but still retains a degree of uncertainty. 

.' 

Of' 

~ 

; 



THE GENESIS OF THE OREBODY 

A comparison Between the Shamrocke Orebody and other Copper Deposits 
of the Lomagundi System. 

144. 

The Shamrocke orebody appears to be a metasomatically emplaced deposit 

of uncertain origin. 

The mineral isation is generally closely associated with coarsely 

Grystalline calcite, which occurs both as secondary veins and irregular masses and 
' \-

as anhedral crystals formi ng part of the fabri c of the rocks of the ore zone. Carbonate 

metasomatism must have to a great extent controlled the distribution of the sulphide 

mineralisatidn, the calcite veins and "blows" generally contain a much coarser, 

massive sulphide, particularly towards the edges of the larger crystalline calcite 

bodies, and very often closely associated with a deep-green "hydrothermal" 

hornblende. Sulphide further occurs finely and coarsely dissemi.nated throughout 

much of the granul i,te and felspar-amphibolite rock of the ore zone, irrespective 

of its calcite content. 

Without detailed X-Ray analysis of the ore minerals it is not possible to 

postulate with any certainty the temperature of deposition of the ore. However, 

from the ore mi nerals present, thei r apparent parageneti c order, and certai n 

exsol ution textures, it would appear that deposition commenced at very approxi,mately 

6000 C, and that most of the ore minerals crystal I ised between 5000 anc;l 6000C. ~1 

From this assumption, and from its obvidusly metasomatic nature, the c;)rebody 

could be termed pyrometasomatic or hypothermal metasomatic. 

J. B. E. Jacobsen (1965), described regional zoning of the various ore­

mineral occurrences in the Lomagundi and Urungwe Districts, and the relationship!" 

between the metallogenetic zones and zones of regional metamorphism. These 

zones he cons! dered as bei ng concentri c about the Miami and Karoi granites, each 

zone being characterised by a dominant ore-mineral or ore-mineral suite, He further 

considers the ores of the Sanyati area to be possibly grouped with the Shamrocke ore into 

his pyrometasomati c zone. Jacobsen (1965) states: "Both deposits appear to be 

pyrometasomatic sulphide replacements in carbonate rocks, with associated tremolite, 

actinolite and other calc silicate minerals, as well as occasional large garnet crystals. 

The mineralisation at the Sanyati Mine appears to be synorogenic to late-orogenic 
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(Bahnemann 1961), at the S hamrocke Mi ne the. mi neral isation may have been 
\ 

earl i er" . As is discussed below , the final distdbution and emplacement of the 

o re-minerals of the Shamrocke orebody may 'well have been synorogenfc and/or late­

orogeni c . 

Where the Shamrocke ore-deposit differs from the Sanyati occurrences is in 

its ore-mineral content, its grade of regional metamorphism,~. the suggested 

pos ition of the Sanyati deposit in the Lomagundi sequence and the absence of 

outcropping post-and late- kinematic granites in the immediate vicinity of the 

. Shamrocke Mine. In the Sanyati ore chalcopyrite, pyrrhotite, arsenopyrite, pyrite, 
'" 

sphale rite and galena are dominant minerals (Bahnemann 1961); the Shamrocke ore 

suite is similar but does not include sphalerite and galena. Molybdenite is found 

in the Sham~ocke ore and not at Sanyati. The grade of regional metamorphism in 

the Shamrocke Mine is the Almandine Amphibolite facies (Turner, Fyfe and 

Verhoogen, 1960) whereas that of the Sanyati area is Upper Greenschist faci es. 

The Sanyati occurrences have been described by Jacobsen (l9{>5) as bei ng in the 

Piriwiri bed~ high, in the Lomagundi sequence; it is, however, possible that further 

structural work may suggest these rocks to the basal portion of the Lomagundi 

succession, as they closely resemble the rocks of the Shamrocke area. The Sanyati 

mineral isation is described by Jacobsen (1965) as being associat~d with the oval­

shaped stock of granodiorite in the area, and he suggests that the ore-forming 

emanations were from the pal i ngeneti c centres, wi th concentration in the ical careous 

meta~ediments. In the Shamrocke area no post-to late-kinematic granites or' 
g ranodiorites occu r.. The nearest younger granite is the Miami Granite. These 

d ifferences however do not materially detract from the observation that the 

Shamrocke and Sanyati deposits are indeed similar. 

Jacobsen (1965) describes the metallogenic zones concentrically 

away from the Miami and Karoi granites,as a pegmatitic zone arid an interrhittent 

pyrometasomatic zone closest to the granite, characterised by copper, lead, zinc 

repl acement depos its; a broad hypotherma P-pyrometasomatic zone trending north­

northeast westwa rds from Alaska and Mangula containing copper, gold, pyrite 

replacement mineralisation; a narrower hypothermal zone which include the high 

temperatu re mo I ybden i te -specu I ari te -cha I copyri te -born i te -cha I cod te assoc i at ion 

of the Alaska and Mangula deposits; and again eastwards, a probable mesothermql 

zone of lower temperature chal coe He, tetrahedrite, nati ve si I ver and gal ena 

occurrences. 
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The Shamrocke ~rebody is similar to the Mangula deposit only in that they 
.... .. , 

bot~ occur towards the base of the"Lomagundi sequence, 'al though the Shamrocke 

ore is found higher in the successjon, within the Doloml\e Series. The grade of 

~JT1etamorphism at Mangula is Greenschist facies and considerably lower in grade than 

the , Almandine Amphibol ite facies of the Shamrocke area. Stagman (1959), W. 

Jacobsen (1961) and Viljoen (1961) consider the mineralisation at the Mangula Mine 

to be epigenetic-hypothermal. According to W. Jacobsen (1961) the bulk of the 

copper mineralisation occurs in the hard arkoses and felspathic quartzites immediately 

above the basal conglomerate of his Lower Lomagundi (Deweras Series). In 

fhese hard arkosic rocks the mineralisation is finely disseminated borni.te and 

chalcocite, whereas immediately above this in the succession these minerals occur 

in a more "stringy" form in more schistose rocks (W. Jacobsen 1961). Jacobsen 

further describes a coarser mineralisation of bornite, chalcocite and chalcopyrite 

in shears, fractures and joints, which appear to be independent of the disseminated 

mineralisation. W. Jacobsen (1961) and J.B.E. Jacobsen (1965) consider the 

mineralisation at Mangula to be genetically associated with the intrusive Man9ula 

granite. Jacobserr (1965) describes a close association between mi croci ine and 

both the mineral isation and the rocks close to the intrusive granite; he describes 

the K20 metasomatism within both the ore zone and the granitised zone. 

Jacobsen (1965) again relates the Mangula mineral isation to hydrothermal activity 
t 

due to the frequency of Fe-chloritiein the mineralised and granitised areas, whereas 
WI. 

the chlorite of thel'mineralised rocks are Mg-chlorite. The Mangula depos.'it 

does not exhibit the carbonate metasomatism of the Shamrocke ore, and the lalter 

ore does not contain bornite and chalcocite, nor does it have vein and fracture 

deposits as at M'angv[a.. The Mangula area is structurally very compl'ex. 

The Silverside Mine~11 miles southeast of Mangula appears to be 

hydrothermal with obviously invading copper-bearing solutions causing the 

mineral isation (W. Jacobsen, 1961). 

As previously described the Araska mineralisation is in highly folded 

rocks of the Dolomite Series and contains a high temperature primary pyrite­

chalcopyrite-gold association (J.B.E. Jacobsen 1965), which is apparently different 

to the hypothermal molybdenite-chalcopyrite, bornite-chalcocite-silver association 

as at Mangula. 
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The association between the mi neral isation, thrusti ng and thrust 

breccias is discussed by J. B. E. Jacobsen (1961 and 1965) 0 Supergene end chment 

provided much high grade ore 0 

The Ell Mine on the Gwai River in the Wankie area has a similar 

geological setting and position within a sedimentary succession possibly correlated 

with the Lomagundi System. This is discussed in Section B1 . 

The Genesis of the Shamrocke Orebody 

"" 

It is difficult to postulate the origin and genesis of the Shamrocke ore 

with any certainty. The following points are pertinent to the discussion: 

(i) The orebody is probably a metasomatic deposit. The 

ore-mineral assemblage, the postulated high temperature of 

formation, and the obvious association between the 

sulphide mineralisation and carbonate metasomatism, suggests 

the ore to be pyrometasomati c or hypothermal metasomatic. 

(Ii) The replacement of the ore zone granulite by calcite appears 

to be both concentrated streaming of carbonate and by 

permeation throughout the ore zone to produce anhedral catcite 

in the granulite, scattered through the rock fabric; as crystals 

slightly larger than the granoblastic groundmass . . This calcite 

in the granulite fabric closely resembles that in the calcareous 

grits found to the west of the ore zone and throught to be similar 

to the ore zone. Th is cal ci te in both instances is ej ther 

primary to the original sediment or represents metasomatic 

replacement by carbonate from surrounding calcareous sediments. 

The sulphide mineralisation is associated with both the crystalline 

masses of calcite, and is finely to coarsely disseminated through 

the ore zone in both calcareous and non-calcareous granulite. The 

sulphide has obviously metasomatically replaced the ore zone 

rocks (in the final stages of deposition at least), but whether 

or not the sulphide was introduced from wi thout the ore zone, 
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or originally had its origin as a primary mineral of the original 

sediment which was subsequ ently reworked and redistributed 

metasomatically, is difficult to ascertain. 

The copper sulphide was therefore either introduced into the 

sequence from an extranecbus source f,avi ng been mobil ised 

together with the carbonate in the surrounding 

sediments), or was an original primary constitutent of the ore 

zone rock whi ch has been reworked and redistributed 

metasomatically. . ... ;" 

The present writer considers it unlikely that a hidden or 

unrecorded intrusive granite or granodiorite is present in the 

immediate vicinity of the orebody due to the lack of granitisation 

effects. The possibility of a hidden boss of Miami granite at 

depth is unli kely, and would in any event probably not be the 

.source of copper mineral isaHon. Late and post-·ki nemati c 

granitic intrusions are not definitely proven to be the source of 

copper elsewhere in the Lomagundi, although they are in 

places possibly the cause of the mobil isaHon of elements. 

(v) The origin of the copper is more probably as primary sulphide 

in the basal sedi ments of the Lomagundi System. The fact t~.at 

the mineralisation is generally towards the base of the Lomagundi 

succession is sympathetic with the observed criteri~ for the 

precipitation and deposition of sulphide ore. This deposition 

is generally in a transition zone between arenaceous/rudaceous 

and argillaceous/calcareous sediments, i.e. transitional between 

the basal coarse clasHes and the chemical sedimentary suite 

towards the edge of the sedimentary depository. Numerous 

investigators have examined the problem of the syngenetic 

deposition of copper sulphides in olrder to establish the most 

favourable type of geological environment for the development of 

strata bound copper deposits . The work of amongst others, Baas 

Becking and lV'oore (1961), Mendelsohn et al (1961), Davidson 

(1962), and Dunham (1964), appears to indicate that the most 
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suitable environment of deposition is a moderately shallow 

to moderately deep offshore one, where conditions would be 

able to support simple organisms. These conditions seem to 

be ideal for the precipitation of sulphides, especially where the 

sediments consist of fine-grained clastics, shales and dolomitic 

shales. These ore conditions which appear to have prevailed 

at the edge of the Lomagundi depository. The occurrence of 

copper mineral isation at such regular intervals along the Deweras­

Dolomite Series contact, and close to the base of each series, 

would support this interpretation. 
'" 

The presence of copper mineral isaHon appears in no way dependent 

on the presence of intrusive granites or granodiorites along the 

length of the exposed edge of the basin. It is however pertinent 

to note that very often the mineral isaHon appears related to 

cross-folding of the basal Lomagundi beds. It is not for a moment 

suggested that this cross-folding, most often gentle, is the cause 

'of the mineralisation, but that the cross-folding is the reflection 

of both pre-Lomagundi basement structures and basement highs 

and ge-anticlinal ridges, formed during a pre-Lomagundi 

orogenesis. Basement highs would have provided the moderately 

shallow water conditions at the steep edge of a deep basin 

suitable for copper deposition. Furthermore these cross40lds in 
;' 

the cover sequence, if reflections of sub-cover bas~ment weakness, 

would be areas of maximum disturbance and hence ;greater possibility 

of sulphide mobilisation and concentration from a primary origin 

by the regional physi co-chemi cal effects of deep burial and 

stress due to large scale faulting and folding. Referring again 

to the similarity of rock type and mineralisation of the Sanyati 

occurrences to the Shamrocke deposit, the Sanyati rocks may be 

from deposition within the Lomagundi depository over a basement 

high or ridge simulating the depostional environment at the 

basin edge. One further point with regard the influence of the 

pre-Lomagundi basement structure and its reflection in cross-

folding and structural disturbance in the Lomagundi cover­

sequence, is that these sites would be the most favourable for 

younger granite and/or granodiorite intrusions and their subsequent 

effect on the mobolisation of sulphide in that area, already a 

~ 
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favourable area for sedimentary copper deposition, (c. f. the 

granodiorite boss at Sanyati .) 

The distribution of the copper content within the Deweras and 

Dolomite Series rocks generally along the length of the regional 

outcrop has not been studied in detail. Much geochemi cal work 

has been done along this narrow tract of country underlain 

by Deweras and Dolomite Series rocks, but the data has not been 

sufficiently analysed statistically to establish the general copper 

content of these rocks. It may yet be establ ished that copper is 
'.., 

widespread through these rocks in very small proportions which 

have been concentrated in places and are then detected by the 

normal methods of geochemi cal interpretation. It, is perhaps 

certain that many more copper occurrences will be located in these 

rocks, obviously of varying grade. Rock chemistry is perhaps an 

important way of studying the copper content of this portion of 

the Lomagundi Succession. 

(vii) The detailed examination of the orebody in the underground 

working shows minor tight folding, 'and the overall attitude of the 

orebody at times suggests a very tight and deep lateral fold 

plunging to the east. This possible tight folding along the 

northern limb of the Rusere Syncline may in fact have caused heat 

and pressure conditions sufficient to cause the movement o'f both the ., 

carbonate and the sulphide. 

(xii) Being at the edge of a sedimentary depository against basement 

rocks, it could be expected that volcanic activity in the form 

of lava flows and volcanic intrusive centres would be presente 

The green basal lavas of the Silverside area and southwards 

would satisfy this expect~ed vulcanicity; however, northwards to 

the western margin of the present project area there is no sign of 

obvious Lomagundi -age lavas. At this point however, the earlier 
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discussion with regard terminology and petrogenesis is referred 

to when it was suggested that the possibility exists that the 

Shamrocke granulite and other horizons within the schist could 

be original acid tuffs, now metamorphosed to their present state. 

If this is the case, the mineral isation could be associated with acid 

igneous activity 0 

(xi) Just east of the Alaska Mine bedded disseminated deposits occur 

in arkose on the farms Shackleton and Avondale, and on the 

Muchi claims some 12 miles south of the Alaska Mine 

(J.B.E. Jacobsen 1965). On b6th the Muchi Ctaims and in the 

Cedric Mine fine grains of chalcocite, tennan1ite, bornite and 

galena are disseminated through silicified dolomite within 

an asymmetrical anti cI ine. These apparently bedded deposits are 

again indications of a possibly syngenetic originof the copper of 

the Lomagundi System. 

(x), The mechanism of mobilisation of the metasomatising fluids and 

gases could have been caused by either the heat and pressure 

from magmatic intrusion or by regional metamorphism, including 

the effects of structural disturbances. The present writer would 

prefer to consider the latter process as being the responsible 

agent. 

(xi) Garlick (1953) and Davis (1964) consider that the min~'ralisation 

of the Zambian copper belt was probably deposited from reworked 

syngeneti c copper in the sedi ments. 

(xii) The possibility exists that the original mineralisation was 

syngenetic to the surrounding rocks e.g. the Deweras rocks, and 

that mobilisation took_place under conditions of tight and deep 

folding, with the metasomatic replacement and accumulation 

occurring within the ore zone rocks within a tight lateral plunging 

fold. If folding was this intense and tight, the Deweras rocks 

would be interfolded beneath the Shamrocke ore zone. 
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(xiii) The interested reader is referred to a paper presented at the 

I.A.G.O.D. (lnternatidnal Association of the Genesis of Ore 

Deposits) meeting in Japan in 1970, by Allen L. Cfarke of the , 
U.S. Geological Survey (Cldrk 197&). In his paper Clark 

describes strata bound copper sulphide deposits in the Precambrian 

Belt Supergroup of northern Idaho and western Montana, which 

were deposited at about 1100 my and 1300 my. The mineral isation 

occurs as copper sulphides (bornite, chalcopyrite and chalcocite) 

occurring as discreet blebs, bedding plane concentrations and 

fracture filling veinlets, in generally carbonate rrch coarse­

grained clastic phases of a quartzite. Clark gives sufficient 

evidence to show that the mineral isation features are a modifi cation 

of a pre-existing svlphide deposit formed originally, essentially 

contemporQneous with the enclosing sediments. From both his 

paper and from personal communication during the meeting, it is 

clear that the Belt Supergroup mineralisation is one of the most 

, recent examples of strata-bound primary copper mineralisation 

which could be compared with the possible origin of the 

Lomagundi mineral isation. 

(xiv) V. D. Fleischer (1967) describes how the copper mineral isation 

in the Mufulira Mine in Zambia is closely related to the irregular 

sub-Katangan land surface and how over or close to prono.unced 

highs in the basement, there occur lenses of low grade 

chalcopyrite-pyrite disseminated in quartzite within the limits 

of the orebodies. Further;he does not geneti cally relate the 

orebodies to the folding in the mine. 
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SUMMARY AND CONCLUSIONS 

The opportunity to carry out the thesis study was made possible by the 

collection of material during the writer's period of duty with Rand Mines Limited, 

who kindly gave permission for the publ i cation of this thesis. 

The field work for the thesis was carried out over a period of 20 months; 

apprdximately 6 months were spent at Rhodes University, where petrographical 

and mineralogical study of the rocks of the Shamrocke Mine was undertaken 
' ,,> 

and the consideration of the resul ts and the preparation of the thesis undertaken 

subsequentl y. 

The writer personally mapped the greater part of the study area and was 

closely concerned with the drilling and underground development programmes, 

logging the majority of the boreholes and some of the underground workings. 

The petrographical and mineralogical study included the preparation and 

~amination of upwards of 250 thi n sections and 23 pol ished sections. Mi croscopi c 

study included extensive use of the universal stage and measurements of refracted 

indices by oil immersion methods. Selective staining techniques were applied 

and three silicate analyses were undertaken. 

The mineral jsation of the Shamrocke ore is described in deta'j I, and the 

possible genesis and source of the copper mineral isation is discuss~d. 

The position of the Shamrocke Mine in the Lomagundi succession and the 

nature of the mineral isation is compared with the other copper o'ccurrences of 

the Lomagundi System. 

. 
The physiography is briefly described and the nomenclature of the rocks 

is defined. 

The work of previous writers is summarised and compared with the suggested 

stratigraphic succession in the immediate vicinity of the Shamrocke Mine. 



154. 

The structure of the project area is discussed relative to the excellent 

description of the Rusere syncline by D .R. Workman (1962), and from a' 

photogeological study by the writer. 

1 • 

2. 

3. 

4. 

5. 

6. 

Some of the more important conclusions from the thesis study are as follows: 

The thesis area is situated on the South Zambezi Escarpment of Rhodesia, 

some 35 mi les northeast of Karoi, and I ies at the fringe of the Rhodesian 

craton and against the southern margin of the Zambezi fv40bile Belt. 

'" 
The Zambezi Mobile Belt is an east-northeast trending zone of 

metamorphic tectonites extending from Botswana in the southwest across 

the northern part of Rhodesia and southern Zambia, into Mocambique. 

The Lomagundi System is a probable cover sequence to the Zambezi 

Bel t tectonites along the northeastern edge of the Rhodesi an craton. The 

Lomagundi Sequence appears to be a cover sequence to the older mobile 

bel t terrain, now exposed against the craton edge. The deeper water 

facies of the Lomagundi sequence appear to dip below Karroo sediments 

further into the Zambezi trough. 

The geology described i ncl udes the basal succession of the , Lomagundi 

System and the pre-Lomagundi Escarpment Series. 

The basal succession of the Lomagundi System pass below Karroo 

rocks southwestwards, to reappear in the Wankie area, or even further 

southwest in Botswana. 

The Lomagundi stratigraphic succession is compared with similar rocks 

in other regions. A comparison is drawn between the Lomagundi System 

and the Tsumis/Doornpoort/Ghanzi formations of Botswana and South West 

Afri ca, the Damaran System of northern South West Afri ca, and the 

Katanga Series of both Zambia and Katanga. 
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7. The Shamrocke copper orebody is associated with a "granulite" or 

8. 

"granofels II zone within the Dolomite Series of the Lomagundi System. 

This ore zone granulite appears to be a metasomatised calcareous grit/some 

1000 feet above the upper contact with the Deweras Seri~s (basal Lomagundi) 

and within graphitic schist and phyllite, below a dolomitic horizon, in the 

Dolomite Series. 

The base.of the Lomagundi System in the thesis area is the Deweras 

Series, (largely meta-arkose, meta-quartzite and conglomerate) which 

unconformabl y overl i e the ctIer gne iss and meta -arkose of the Escarpment 

Series to the north of the Mine. 

9. Overlying the Deweras Series is the Dolomite Series, comprising 

graphitic biotite schist and phyllite, granulite and calcareous grit, 

dolomite and amphibolite. The Argillaceous Series conformably overlies 

the Dolomite Series and comprises muscovite, biotite and graphitic 

phyllites', schists and slates; with subsidiary arenaceous beds. 

10. Conglomerates have been recognised within the Deweras Series east 

and southeast from the Shamrocke Mine, one near the base and one near the 

middle of the Series. The meta-arkoses are generally compact aryd granular 

and occur with arenaceous mica schists, hard compact meta-quartzit~s 

and coarse quartz schists. The meta-volcanics found at the base of. 'the 

Deweras Series east of Mangula and in the southern areas west of Hartley 

are apparently absent in the thesis area. 

11 0 In the thesis area/the contact between the Deweras and Dolomite 

Series is generally obliterated by plagioclase amphibolite or altered 

original intrusive meta-diabase. 

'12. The Dolomite Series ascends from the basal schist and Nyashiri 

meta-quartzite through graphitic and calcareous schist and phyllite into 

a zone of cal careous grit and "granul ite" some 1000 feet above the base 

of the Series. It is in this "granulite" that the Shamrocke orebody is situated. 

Above the gronul ite ore zone is a further sequence of graphitic and 

calcareous schists and phyllites which underlie a thick dolomitic horizon 

which is in part intruded by a large sill of plagioclase-amphibolite ,(altered 

meta-diabase). 
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13. The Argillaceous Series extends south and southwest from the Mine 

and makes up the greater part of the Lomagundi Sys'tem. The Argillaceous 

Series comprises micaceous and graphitic schists and phyllites, with sporadic 

development of white to buff-coloured sandstone and, quartzite. ' 

14. ,, ' The: regIonal structure as described by D. R. Workman, (1962) end 

as evidenced by the photogeological study by the present writer, indicates 

that the base of the .Lomagundi succession north of Mcmgulastrlkes north-north­

west, the succession ascending westwards 0 The beds 'almost always dip steeply 

to the east and are obviously overturned, this overt,urn affecting ''the basal 

beds for a considerable distance away from the edge of the original depository 

into the higher parts of the succession. 

1 S. Occasional broad cross-folds and tfght lateral folds occur in places 

16. 

along the baSe of "the ' Lomagundi System at the edge of the original depository. 

The large Rusere Syncline causes the basal Lqmagundi beds to form an 

embayment towards the northeast into the pre~Lomagundi rocks of ,the , 

Escarpment Series and the granodiorites east of Chidwara. The axis of th'is 

large syncline runs northeastwards south of the Shamrocke Mine and the , 

whole structure is overturned on the eastern andsoutheast:ern limb~ 

. '17. It is important to note that. east--.vest fracture or shear planes' ,b.ecom,e very 

dense at the points of flexure of the cross-folds deforming the basal Lomagundi 

succession. 

, 18. The occurrence of copper mineralisation is in every case associated with 

a cross-fold structure within basal Lomagundi rocks. 

19. The structure of the Shamrocke Min~ itself is a I ittle obscure, but it 

appears that the ore zone granulite is within a tight, lateral fold plunging to 

the east. 

20. A comparison of the stratigraphic position of the Shamrocke Mine relative 

to the other copper occurrences within the Lomogundi System/shows that in 

almost every case the copper ore is associated with either the Upper Deweras 

Series rocks, or towards the lower part of ,he Dolomite Seri,~. 
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Pet'rographic study shows that the meta-arkoses of the Escar'pment Ser't.~s 

are predomina'ntly coarse-grai.ned gritty meta-arkoses with abundant mafic" 

minerals; or a fi ne-gr~ined 'clean buff-coloured meta-arkose generally free 

of mafic minerals . In thin section thesegenerally ,have 'dn equigranulor 

texture. ~The mineralassemblqge is genera'lly felspar, ,' 

quartz,biotite , chlorite, rruscovite, cI inozoisHe, microcl ine, epidote., 

sphene and apQtite. 

21 • The pe trography of the rocks of the Shamrocke area is described in 

detail; these descriptions having little importan'ce in this summarY. 

22. Selective staining techniques enabled the distinction between plagiocase , 

orthoclase and quartz; and between calcite and dolomite. 

23. N\odal data, assisted by the selective staining indi cates a very low ' 

quartz content, of the granul ite and felspar-amphibole rock of the ore zone 

(less than 60/0' and in one instance 0.6%) • . Modes determined for granulite 

in the hangingwall of the ore zone showed the 'iuartz to comprise between 

28% and .39% of the rock. 

24. The plagiodase-felspars were exami'ned using the universal stage!. 

The plagiocl ase is typical of the plagioclase -felspar of metamorphic ' roc~', 

being granu i (,~ r, xenoblastic and generally clear and untwinned. ' 

25. The general lack of twinning and/or visib.l e cl eavage traces made .composition 

. determination and study of the f~lspars tedious and difficult. Appli'cat.ion of the 

Zona'l Method ' of Felspar determind·tion of Rittmann (as described by .Chudo'ba 

and Kennedy, 1933) was found to he extremely rapid and accurat.e. This 

technique applied to zoned pl .agioclase crystals;enabled rapid determination 

of composition at various pointS in. the ~ame crysta l. 

Upwards of 50 thin sections ' ~ere examined and composition det~rminations . 

on more than 125 plagioclase crystals were carried out. The results of these 

analyses indicated that (i) there.is a distinct compositional difference between . 

the plagiocl ase of the ore zone granul ites and that of the country rock (ii) 

I'his d·i·fference is not created bya serial variation outwards from the ore zone, 

but depi cts a sudden change in composition outside the limits of the ore zone 

(iii) zoning was detected in all sections other than the orebody gtanul ite where 

zoning isopparently.absent. The compositional variation within a singl~ 
\. '.. . . ' 

crystal is always from an acid core to a calcic margin. (iv) altho.ugh there i$ 
J. . 
i 
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va"riation in thecomposi Hor;: within each roc;:k type from place to place there 

does not appear to be CF,Y variation within anyone thin section. 

26. , ' The plagioclase composition of the granulites vary from An04 to An1S' 

27. 

28. 

The plagioclase of the felspar-amphibole rock varies between An23 and An25' 

with an incre.asein ,the anorthite molecule content away from the orebody 

into the hanging wall. The plagioclase composition within the plagioclase­

amphibolite (altered meta-diabase) was within the range An23 to An33. 

Plagioclase compositon within the mica schists indicated An30 to An3S ' 

'" 
Zoning in the plagioclase crystals is common outside the ore zone, 

whereas the ore zone granulite showed an almost complete lack of zoning 

of the pi ag iocl ase. It is thought that this was caused by the extraction 

of calcium fr()m the plagioclase molecule by the effects of carbo'nate 

metasomatism in the immedite vicinity of the ore zone, with this effect· 

becoming less obvious away from the()re zone into the hangingwall~. Zon.ed 

crystals in the hangingwall show a distinctly a 'cid core and a" calcic margin' •. 

Detailed mineralogical examination of the amphiboles ind icated the 

presence of both aluminous and non-aluminous amphiboles. 

29. The aluminous amphiboles are represented oy the hor~blende seiies. , 

The hornblende of the ore zone is a paler green contrasted ,with a dark~reen, 

strongly pleochroic hornblende in the rocks of the hang'ingwall iand footwall. 
(. 

The refractive indices of the hornblendes of the ore zone are decidedly lower 

than that ;~: f the surrounding rocks. ' Accurate ~ma:2~u rement of the 2V angle 

of the hornblende was possible, and measurement (of the refractive indices 

was undertaken ~ 

30, The non-aluminous amphiboles ar~ represented by anthophyllite-

cummingtonite and tremolite-actinoPte. Non-aluminous amphiboles in 

20 thin sections cut from granulit,;])s and carbonaceous mica schists were 

examined on the universal sta~i e and refractive index determinations were 

carri:-:.d out. No two 0 '.: tL =se nr,o n-aluminous amphiboles occur in the same 

rock and the opti cal pro~erties of each amphihDle was found to be constant 

thr;Jughout each sectrnn. The optical prop~rtiesof these amphiboles do not 

'{ary in relatio d to ':'hc ore zone or the type of host rock. 
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31 0 Composition determination of the non-aluminous amphiboles was attempted 

by plott'ing the optical properties as determined against composition in 

Figures 13 to 20. The composition of each of the non-aluminous amphiboles 

are S'uggested in terms of atomi c proportions. 

32. The properti'es of the bro_tite are similar throughout the area, differing only 

in the intensity of colour and pleochroism. The colour is generally deep 

and the crystals are generally strongly pleochroic. Measurement of optical 

properties is diffi cui t as they are somewhat obscured by the deep colour. 

'" 
33. The quartz of the Shamrocke rocks occurs either as a constituent of the 

granobl asti c groundmass or as I arger scattered crystals. Quartz crystals 

are difficult to distinguish from the plagioclase felspar without resorting to 

etching and staining. Although the quartz content of the rock of the ore 

zone is very low (less than 60/0), it is an important constituent of the country 

rock. 

34. The minor constituents of the rocks are apatite, rutile! sphene, staurolite, 

epidote, calcite and dolomite, garnet and graphite. Each of these accessory 

mi nerals are described i ndi vidual I y. 

35. The suite of ore minerals in the Shamrocke ore are simple and!show simple 

textures 0 

36 . The pyrrhotite, chalcopyrite and cubanite give very littl'e evidence 

through their textural relationships as to which of them waS the first to 

crystallise. The various textural relationships between the assemblage 

pyrrhotite, chalcopyrite, cubanite and gangue are described in detail. The 

paragenesis of the ore is discussed and from the observations from the study 

of the pol ished sections it was assu":'1ed that the parageneti c order could not . 
have been much different than fromjoldest to youngest - ilmenite, 

molybdenite, pyrite, arsenopyrite, pyrrhotite, chalcopyrite, cubanite, 

haematite, and minor minerals. 
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No X -ray analyses were undertaken, and the study of the ore mineralogy 

did not give much indication of the temperature of deposition of the orebody. 

However, in comparing the Shamrocke ore with ores and textures recorded by 

other writers, it is perhaps reasonable to assume that the temperature of 

deposition of the ore was definitely above 500'C, and probably above 600
0

C. 

38. The chalcopyrite is a deep--brassy-yellow colour often exhibiting a 

pinkish sheen which at times make it difficult to distinguish it from the 

pyrrhotite. Cubanite generally crystallises as bothbro'ad and ' 

narrow lamellae along the crystallographi c directions of the charcopyrite. 

The pyrrhotite has generally a mutual boundary relationship with the 

chalcopyrite and cubanite. Arsenopyrite and pyrite ocCur very sporadically 

through the deposit. Ilmenite, haematite, molybdenite and an unidentified 

mineral X are present in most sections prepared. 

39. It Was considered that the standard techniques of modal analysis of ores 

40s 

would not provide accurate results for the Shamrocke ore· without crushing , 

splitting and the measurement of the crush mounted in a suitable medium. 

For this reason quantitative mineralogical analysis of the ore was not undertaken. 

The chemical data from three s iii cate anal yses undertaken (l byfhe 

writer) indicate that the granulite has a higher silica percentage than th¢ 

other rocks, probably due to the higher salic mineral content, (Le. mor'e 

plagioclase). The magnesium content of the felspar-amphibole/ rock is higher 

than in the granul ites due to the larger component of ferro-magnesium 

minerals. The calcium content of the rocks other than the ore zone granulite 

is higher than the ore zone granulite and it appears that the calcium has been 

extracted from the granulite during metasomatism. The higher potassium 

content of the granul ite is no doubt due to the abundance of biotite. 

41 • The metamorphism of the Shamrocke rocks is discussed relative to their 

po~;.: ~ tion in the facies classification of various writers. 

42. The relationships epidote/plagioclase and staurolite/kyanite are criticised. 

The mine ralisation of the Shamrocke ore occurs as dissemination of predominantly 

chalcopydte and pyrrhotite within the ore zone granulite, and in places as 

massive chalcopyrite and pyrrhotite which is present mainly in pure white 

calcite "blows 1l within the granulite. 
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43. Underground development has shown that the mineral isation is best 

developed in the more cal careous portions of the body. 

44. The calcite veins and blows contain much coarse massive sulphide, 

particularly towards the edges of the larger crystalline calcite bodies, and 

very often closely associated with the deep green hydrothermal hornblende. 

45. Sulphide further occurs finely and coarsely disseminated throughout much 

46 

of the granul ite and felspar-amphibole rock of the ore zone, irrespective of 

its cal cite content. '" 

In areas of minor dragfolding the calcite and sulphide appears to have 

been squeezed into the crests of the folds. 

470 Du ri ng carbonate metasomatism the effect of the streaming of the calcium-

ri ch solutions has resulted in distinct IIblows" of pure white calcite and narrow 

zones of calcite within the ore zone granulites. 

48. The metasomati c effect on the orig i nal host rock is to produce at pi aces a 

reaction banding with the granul ites. 

490 Without detailed X-ray analysis of the ore minerals it is npt possible to 

postulate with any certainty the temperature of deposition of the ore ... ': From 

the apparent paragenetic order and certain exsolution texture$ it would appear 

that deposition commenced at very approximately 6000 C, and that most of 

the ore mi nerals crystal I ised between 5000 and 6000 C. 

50. The Shamrocke orebody appears to be a metasomatically emplaced deposit 

of uncertain origin and can be termed pyrometasomatic or hypothermal­

metasomati c . 

51 0 J. B. E 0 Jacobsen (1965) compared the Shamrocke ore with the ore of the 

Sanyati occurrences. Although similar;the Shamrocke ore differs from the 

Sanyati occurrences in its ore mineral content, its grade of regional metamorphism, 

the pos ition of the Sanyati deposit in the Lomagundi sequence and the absence 

of outcropping post- and late- Kinematic granites in the immediate vicinity 

of the S hamrocke Mi ne . 
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Jacobsen (1965) describes metallogenic zoning concentrically away 

from the Miami and Karoi granites. It appears that the Shamrocke orebody 

may fall into his pyrometasomatic ~one. 

53. The Mangula deposit falls in a narrower hypothermal zone which includes 

the high temperature' molybdenite-specularite-chalcopyrite-bornite-chalcocite 

association of the Alaska and Mangula deposits. 

54. The Shamrocke orebody is similar to the Mangula deposit only in that they 

both occur towards the base of the Lomagundi sequence. Th,~ Shamrocke 

ore is found higher in the succession within the Dolomite Series. The bulk 

of the copper mineralisation at Mangula is disseminated in hard arkoses and 

felspathic quartzites immediately above the basal conglomerate of the 

Deweras Series. The rich ore is a coarser mineralisation of bornite, chalcocite 

and chalcopyrite in shears, fractures and joints. W. Jacobsen (1961) and 

J.B.E. Jacobsen (1965) consider the mineralisation at Mangula to be 

genetically associated with intrusive Mangula granite. The present writer 

does not feel that this Mangula granite was the source of the mineralisation, 

although it may, and probably did, have a strong effect in the mobilisation 

. of the original syngenetic copper in the basal rocks of the Lomagundi sequence. 

The mineralisation is different to that of the Shamrocke.Mine, the Mangula 

deposit being obviously hypothermal compared with the distinctly . meta~omati c 

S hamrocke ore. 

I 

55. The copper mineralisation at the Alaska Mine is in highly folded rocks 
I 

of the Dolomite Series and again is a high temperature suite of primary pyrite, 

chal copyrite, gold association, obviously hypothermal, and similar to the 

association at Mangula. 

56. The Ell Mine on the Gwai Rive! in the Wankie area occurs in a sedimentary 

succession similar to the basal sequence of the Lomagundi System in the 

Shamrocke area. The ore is in lenses of grit within what was possibly original 

impure dolomites (cf the Shamrocke ore). 
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57. The possible genesis of the Shamrocke orebody is discussed in detail. 

It is reiterated that the Shamrocke orebody is probably a metasomatic deposit, 

with an ore mineral assemblage postulating a high temperature of deposition 

and an obvious association between the sulphide mineralisation and carbonate 

metasomatism. It is suggested that ,the ore is of pyrometasomatic or 

hypothermal-metasomatic origin. 

58. During metamorphism . it is thought that the carbonate and t~e sulphide was 

mobilised from an original primary constituent of the ore zone rock, 

or from the surrounding rock; re-worked and redistributed metasQmatica"y. 

59. ~t is unlikely that a hidden or unrecorded intrusive granite is present 

in the immediate vicinity of the orebody, and the present writer considers 

that there is no evidence that post-and late-Kinemalic granites were 

the orig i n of the orebody. 

60. It is thought that the origin of the copper is very probably primary 

sulphide in the sediments, and that the basin edge condition of the 

original Lomagundi depository would have supported conditions ideal for 

the deposition of sedimentary syngenetic copper sulphides. It is thought 

that this original syngenetic copper mineralisation was mobilised and 

redistri buted metasomati call y, possibl y by the effe cts of regional metamorphism 

caused by t he deformation of the Lomagundi sec!ucnceJby Lomogu,ndi or , 

posf~Lomogundi ciroge'ny. 

Disseminated copper occurrences occur east of the Alaska Mine on 

Shackleton, Avondale and on the Muchi cl orms and the Cedric Mine 

further to the south. 

61 0 The interested reader is referred to a PGpe r by Alan L. Clarke (1971) 

of the U . S . Geological Survey where he d c:scr ibes strata-bound copper 

sulphide deposits in quartzite in Idaho and N\cmtana, U.S.A .. V.D. Fleischer 

describes copper mineralisation in the Mufulira Mine as being syngenetic 

with disseminated copper in quartzite over basement highs in the original 

basement. 



164. 

ACKNOWLEDGEMENTS 

The opportunity to carry out the thesis study was made possible by the 

interest and generosity of Rand Mine.; Limited in the early stages of research. 

Permission gi ven by that Group to publ ish the thesis is much appreciated. The data 

for the thesis has been compiled from original field work undertaken during my 

period of duty with Rand Mines Limited. 

My former" colleagues in Rand Mines Rhodesian Exploration Company 

.. (Pty) Limited, substantially contributed towards the development of the thesis, and 
'" I thank particularly Mr. H.T. Bichard, Mr. K.J. Barnard, Dr. A.L. Zietsman, 

Mr. J. Wotherspoon and Mr. J. Snowdowne for their interest and many hours of 

stimulating discussion. It was a pleasure to be associated with them. 

During the period spent at Rhodes University special appreciation is 

due to Professor E.D. N\ountain, Professor H. V. Eales and Mr. A. Ruddock for 

their constant willingness to discuss and guide the work. The stimulating influence 

of Professors N\ountain and Eales as supervisors at different stages of the study. is 

recorded wi th thanks. 

The assistance of R. F. Loxton, Hunting and Associates in the 

draughting and final production of the thesis is gratefully acknowledged. In particular 

I must thank Messrs. Hiscock, Brock and Thompson for their assistance in this re9ard. 

Th~ wi II ingness and the interest of the typing staff of R~ F. LO?'ton, 

Hunting and Associates is particularly appreciated, with thanks to Mrs. Pettitt, 

Mrs. Saville and Mrs. Stiedl. For the proof reading of the text and for their 

suggestions I thank Dr. R. Mason, Mr. C. Parsons and Miss A. Stegmann. 

Lastly to my wife and family whose fortitude during, the final stages of 

the study deserve special thanks. 

, 

; ' ~ 

' ,:) 

~ 
i.I'"..:; 

:~. 



REFERENCES CITED 

BAAS, J., BECKI NG, 
L. G .M. & MOORE, D. 

BAHNE~NN, K.P. 

BARTH, T.F. W. 

BAR-TH, T. 

BASTIN, GRATON, ET AL. 

CAHEN, L. & SNELLING, 
N.J. 

CAMERON, E.W. 

CHAYES, F. 

CHUDOBA, C. 

CLARK, A.L. 

CLIFFORD, T. N. 

DAVIDSON, D.F. 

DAVIS, G.R. 

1961 Biogenic Sulphides. Econ. Geol. 56 
(No .2) 259-272. 

1961 The ores of the "J-Lines ll
, Sanyati Copper 

Mine, Southern Rhodesia. Trans. Geol. 
Soc. S.Afr., Vol.LXIV, 193. 

1951. 

1-969 Theoretical Petrology. John Wiley & 
Sons, Inc. 

1936 Structural and Petrological Stuct.!es in 
Dutchess_ County, New York II. Petrology 
and Metamorphism of the Palaezoic Rocks. 
Bull. Geol. Soc. Am. 47,813. 

1931 Criteria of Age Relations of Minerals. 

1966 The Geochronology of Equatorial Africa. 
North-Holland, Amsterdam. 

1961 Ore Microscopy. John Wiley & Sons, Inc. 

1952 Notes on the Staining of Potash Feldspar 
with Sodium Cobol tinitrite in Thin Section. 
Am. Mineral. 37, 337-340. 

1933 The Determination of the Feldspars in 
Thin Section {translated by W.Q. Kennedy} 

. Thos. Murby. ' 

1971 Strata-Bound Copper Sulphide in the Pre­
cambrian Bel t Super Group, NQrthern .Idaho 
and Northwestern Montana. International 
Association of the Genesis of Ore Deposits. 
Pope rs and Proceedings of Min. Geologists 
of Japan. Special Issue No. 3,261. 

196i The Damaran Episode of Tectonothermal 
activity in South-West Africa and its 
regional significance in Southern Africa. 
6th Ann. Rept. Res. Inst. African Geol., . 
Univ. of Leeds - 1962. 

1962 The Origin of some Strata-Bound Sulphide 
Ore Deposits. Econ. Geol. 57,265-273. 

1959 The origin of the Roan Antelope copper 
deposit of Northern Rhodesia. Econ. Geol. 
49,575-615. 

"f' 



EDWARDS, A.B. 

DEER, HOWIE, ZUSSMAN 

FAIRBANKS, E. E. 

FOLLI NSBEE, R. E. 

FLEISCHER, V.D. 

GARLICK, W.G. 

GOLDSCHMIDT, V.M. 

HALLIMOND, A.F. 

HARKER, A. 

HEINRICH, E. Wm. 

HITCHON, M. 

JACOBSEN, J.B.E. 

JACOBSEN, W.B.G. 

KENNEDY, W. 

1947 

1963 

1925 

1949 

1967 

1953 

1922 

1915 

1956 

1932 

1956 

1958 

1961 

Textures of the Ore Minerals and their 
Significance. Austral ian Institute of 
Min ing and Meta II urgy (I nc.) 

Rock-forming minerals. Longmans. 

A modification of Lemberg's staining methods, 
Am. Min. 10, 126-127. 

DeterminQtion of Reflectivity of the Ore 
Minerals. Econ. Geol. 44,425. 

Relation between Folding, Mineral isation and 
Sub-Katanga Topography at Mufu.lJra Mine, 
Zambia. Geol. Soc. S .Afr. LXX,l. 

Reflections on Prospecting Ore Genesis 
Northern Rhodesia. Inst. Min~ Met. London, 
Trans. 63,9-20 and 94-104. 

Metamorph ic Processes in Sch istose Rocks. 
Econ. Geol. 17. 

Die Kalksil ikatgneise und Kalksil ikatgl immer­
schiefer des Trondhjem-Gebiets. Vidensk. 
Skr., Mat-Naturv. Klasse. 10,15. 

Manual of the Polarising Microscope. 

Metamorphism. Methuen & Co. Ltd., London. 

Micrqscopic Petrography. McGraw-Hili Bo~k 
Co. Inc. 

The Geology of the Kariba Area., S. Rhodesia. 
Geol. Surv. Report 3. 

Geology of the Alaska Mine, Southern 
Rhodesia. Chamber of Mines, Econ. Vol. 

1962 The Geology of the Lomagundi District. M.Sc. 
Thes is, Un Ivers i ty of the Wi twa tersrand, 1965. 
(Unpubl ished). 

to 

1965 Observations on Mineral Deposits of the 

1961 

1949 

Lomagundi and Urungwe Districts, Southern 
Rhodesia. Geol •. Soc. S .Afr. LXVIII, 1-12. 

The Geology of the Mangula Copper Deposits, 
Southern Rhodesia. Geol. Soc. S.Afr. LXIV. 

Zones of Progressive Regional Metamorph ism 
in the Moine Schists of the Western Highlands 
of Scotland. Geol. Mag.LXXXVI. 

' . 

t 

~ .. 
., , 

,. ~ 

"'t," 

';.1 

'~ 

~" 
~~, 



LAYTON, W. & PHILLlPS,R. 1960 The Cummingtonite Problem. 1960. 
Min. Mag & Min. Soc" 32,659. 

LI NDEGREN, W. 1937 Succession of Mineral Temperatures of 
Formation in Ore Deposits of Magmatic 
Affiliation .. Trans. Am. Inst. of Min. and 
Met. Eng. 162,356-76. 

M.tGREGOR, A.M. 1941 Geology of the Mfungubusi Gold Bel t. 

MASON, B. 

MAUFE, H. B. 

S. Rhodesia. Geol. Surv., Short Report 35. 

1947 An Outl ine of the Geological History of 
Southern Rhodesia. S. Rhodesia. Geol. 
Surv .. Bull. 38. .'" 

1951 Some Milestones in the Precambrian of 
Southern Rhodesia (Presidential Address) 
Proc. Geol. Soc" S .Afr. 54. 

1955 Geology of Southern Rhodesia in the 

1958 

1919 

1920 

Light of Geochronology" Comm iss ion for 
Techn .. Co-op in Africa South of the Sahara. 
S. Regional Com. for Geol., 1 st Meeting, 
Sal isbury, 17-27. 

Principles of Geochemistry. 2nd Edition. 
John Wiley & Sons, Inc. 

Present Advances in Rhodesian Geology" 
(Presidential Address) Proc. Geol. Soc. 
S. Afr. 22. 

The Geology of the Lomagundi Mica Dep.6sits. 
S. 'Rhodesia, Geol. Surv., Short Report·'lO. 

MAUFE, H.B., LIGHTFOOT, B. The Geology of the country west of Sinoia, 
Lomagundi District, S. Rhodesia. Geol. Surv., 
Bull. 9. 

& MOLYNEUX, A.J.C. 1923 

MENDELSOHN, F. 

MENNEL, F.P. 

MIYASHIRO, A. 

MOLYNEUX, A.J .C. 

1961 

1910 

1964 

1919 

The Geology of the Northern Rhodesian 
Copperbelt. MacDonald, London. 

The Geological Structure of Southern Rhodesia. 
Quart. ~ Journ. Geol. Soc. London, 66,363-375. 

Geochim. et Cosmochim. acta 28. 

Prel im inary Report on the Geology of the 
country west of Sinoia, Lomagundi District. 
S • Rhodesia. Geol. Surv. Bull. 



PARKER, R. B. 

PHAUP, A.E. & DOBEll, 
F.G.S. 

POllARD, W. 

RAMBERG, H. 

ROSENBLUM, S. 

STAGMAN, J .G. 

1961 

1938 

1912 

1952 

1956 

1959 

Rap id Determination of the Approximate 
Composition of Amphiboles and Pyroxenes. 
Am. ,Min. 46 r892. 

The Geology of the lower Umfuli Gold Belt, 
Hartley & lomagundi District. S.Rhodesia, 
Geol. Surv., Bull. 34. 

Geology of Ben Wyvis. Mem. Geol. Surv. 
93,45. 

The origin of the Metamorphic and Meta­
somatic Rocks. Univ. Chicago Press • 

. " 
Improved Technique for Staining Potash 
Feldspars. A .Min. 41,662/664. 

The Geology of the country around the 
Mangula Mine, lomagundi Urungwe Districts. 
S. Rhodesia. Geol. Surv. Bull. 46. 

1961 The Geology of the country around Sinoia 
and Banket, lomagundi District. S.Rhodesia, 
Geol. Surv. Bull. 49. 

SWARTZ, G.M. 1927 

1931 

1942 

TURNER, F.J., FYFE, W.S. 1958 
& VERHOQGEN, J. 

TURNER, F.J. & 1960 
VERHOOGEN, J. 

VAN DER VEEN, R.W. 1925 

VllJOEN, V. E. 1961 

WAHLSTROM, E. E. 1949 

WASHINGTON, H.S. 1919 

Chalcopyrite and Cubanite. Econ. Geol. 
22,44-61. 

Textures due to Unmixing of Solid Solutions. 
Econ. Geol. 26,730-763. 

Progress in the Study of Ex-sol ution Ore 
Minerals. Econ. Geol. 37,345-364. 

Metamorphic Reactions and Metc;lmorphic 
Facies. Geol. Soc. of America~ Memoir 73. 

Igneous and Metamorphic Petrology. 
McGraw Hill Book Co. Inc. 

Mineragraphy and Ore-deposition. The 
Hague, G. Naeff. 

The MiReralogy of the Mangula, Vaal water 
& Umkondo Ore Depos its. M. Sc. Thes is, 
University of Stellenbosch. 

Optical Chrystal ,lography. John Wiley & Sons, 
Inc. 

Manual of the Chemical Analysis of Rocks. 
John Wiley & Sons. 

f 

~~, 

, , 

.' ~ 

';1. 

~ 
il";".': 

;~;. 



WILES, J. W. 

WI NCHELL, A. N. 

WINKLER, H.G.F. 

WISEtvV\N, J. D .. H. 

WORKMAN, O.R. 

1961 

1933 

The Geology of the Miami Mica Fields, 1961. 
S. Rhodesia, Geol. Surv. Bull. 51. 

Elements of Optical Mineralogy. John 
Wiley & Sons, Inc. 

1959 Elements of Optical Mineralogy. 4th Edition. 

1967 

1934 

1961 

"John Wiley & Sons, Inc. 

Petrogenesis of Metamorphic Rocks. 
Springer-Verlag. 

The Central and South-West Highland 
Epidiorites; A Study in Progressive Meta­
morphism. Geol. Soc., London '~ QUQrt. 
Journ.90,354-417. 

The Geology of Mhavare, northwest 
Lomagundi District, Southern Rhodesia, with 
special reference to the stratigraphy and 
metamorph ism of the Lomagundi System. 
Ph. D. Thesis, Leeds Univ. 

1962 The Relationship between the Lomagundi 
System and the Gneisses of the Zambesi 
Escarpmen t, Sou thern Rhodes ia • 7th 
Annua I Rept. Un iv. of Leeds. 

1962 The Rusere Syncl ine: Crossfolding in North 
Lomagundi District, Southern Rhodesia. 
7th Annua I Report. Un iv. of Leeds. 

1966 Aspects of the Metamorphism of the Lomagundi 
System in Northern Lomagundi District, , 
Rhodesia. Geol. Soc. S.Afr. LXIX,231. 

fT.o. 



~ 

ADDENDUM 

REFERENCES CITED if 

BAILEY, EDGAR H, & 1960 Selective Staining of K-Fels-
STEPHENS, ROLLIN, E. par and Plagioclase on Rock 

Slabs & Th in Sections. 
Am. Min. 45, 1020. 

DAVIS, G.R. 1954 The Origin of the Roan 
Antelope Copper Deposit 
of Northern Rhodesia. 
Econ. Geol. 49. 

DEER, W.A., HOWl E, 1963 Longmans (London) 
R.A., & ZUSSMAN, J. '-" 

DUNHAM, K.C. 1964 Ne ptun is Concepts in Ore 
Genesis. 
Econ 0 Geol. 59, 1 - 24. 

HOSCHEK, G. 1967 Contr. Miner. Petrol. 
14, 123-162 

MARTI N, H. 1961 The Damara System in 
South West Africa. Proc. 
4th Meeting C. C. T .A. 
Pretoria, 91-95. 

ROSENBLUM, SAMUEL 1956 Improved Technique for' 
Staining Potash Felspars. 

"-

Am. Min. 41, 662-664 
-.. , 

t ';'-
.' 

SWARTZ, G.M. 1927 Chalcopyrite and Cubanite. ,. " 

Econ. Geol. 22, 44-61. 
" , 

, . ~ 

WAHLSTROM, ERNEST, E. 1955 Petrograph ic Mineralogy 
(London) Chapman' & Hall. 

WATSON, R.L.A. 1962 The Geology of the 
Kamativi and Lubimbi Areas, ;J 

S. Rhodesia. 
Geo!. Surv. Bull. No. 57 

~ 
WILLIAMS, HOWEL, 1958 Petrography An Introduction 

iJ!1~ 

: ~: 

TURNER, FRANCIS J., t"o the Study of Rocks in Thin 
AND GILBERT, CHARLES, Sections. 
M. W. H. Freeman and Company, 

San Franc isco • 

. ; , 


